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Tbe  iniportant  bearings  of  the  laws  of  heat,  particukrly  in 
reference  to  \}ie  physical  condition  of  matter,  have  led  to  their 
consideration  before  the  chemical  properties  of  substances,  in 
thia  as  in  most  other  elementary  treatises  on  chemistry.  Light 
is  then  shortly  considered,  chiefly  in  reference  to  its  cliemical 
relations.  The  principles  of  its  Nomenclature^  in  which  com- 
pered  with  many  sciences,  chemistry  has  bean  highly  fortunate, 
arc  then  explained,  together  vnth  the  Symbolical  Notation  in 
tt5se,  by  means  of  which  the  composition  of  highly  compound 
bodies  is  expressed  with  the  same  palpable  distinctness^  which 
in  arithmetic  attends  the  use  of  figures,  in  place  of  words,  for 
the  expression  of  numerical  sums. 

A  considerable  section  of  the  work  is  then  devoted  to  the 
nsideration  of  the  fundamental  doctrines  of  chemistry,  under 
e  heads  of  Combining  Proportions,  Atomic  Theory,  Doctrine 
of  Volumes,  Isomorphism,  Isomerism,  Constitution  of  Salts, 
and  Chemical  Affinity,  including  the  propagation  of  this  action 
through  metallic  and  saline  media,  in  the  voltaic  circle. 

The  materials  of  the  Inorganic  world  are  then  described, 
under  the  two  divisions  of  non -metallic  elements  and  their  com- 
unds,  and  metallic  elements  and  their  compounds. 
I^Mtly,  the  numerous  compounds  of  the  Organic  world  are 
scutsed.  In  this  department,  a  most  extraordinary  progress 
haa  been  made  within  a  very  short  period.  The  study  of  or- 
diemistiy  has  also  been  much  facilitated  by  classification, 


• 


VI  PREFACE. 

and  the  arrangement  under  Compound  Radicals^  introduced  by 
M.  Liebig. 

It  was  now  obvious  that  the  science  was  sufficiently 
advanced  to  be  applied  to  the  elucidation  of  the  great  ques- 
tions of  vegetable  and  animal  physiology.  A  condensed  view 
is  given  of  the  new  discoveries  in  the  former  department,  and 
also  of  the  important  conclusions  respecting  the  animal  functions 
of  respiration  and  digestion,  results  which  are  entirely  new,  and 
now  enter  for  the  first  time  into  a  systematic  work  on 
Chemistry, 
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ERRATA. 

Fige  i3,  fine  18«  for  iron  meKs  rNMf  cttt  iroo  melU 

..     5S»  iiitable/ortenipeniftare342*rMilS13* 

599  in  figure  3,  introdnce  rf  in  the  upper  circle,  nnd/  in  the  lower  Mionre 
61,  in  t&figm*  the  tebes  •honld  be  represented  not  open,  bat  cloecd 
att£e  top 

.    120»  second  line  from  bottom /or  1895.5  rtoA  1894.5 

. .    131,  lines  18  and  19t  /or  1394.5  snd  1795.6  rmi  1394.5  snd  1895.6 

. .    130,  in  the  diagrmm  representing  the  oombininff  messore  of  chlorine /or 
1269.5  inscribed  in  escn  square  vucrm  2470 

. .    134,  9  lines  from  bottom /or  choloroform  rtod  chloffi:>form 

. .   149,  line  13,  /or  Fe,0,  rtad  FeO,SO, 

. .    155,  Une  16,  /or  similarity  of  form  rm  similarity  of  composition 

..    177,  line21,/wAgrf«IHg 

. .   203,  in  figure  4,  transpose  the  terms  austral  pole  and  boreal  pole 

..   210,  in  figure  12,  Mser/ Fat  the  top  and  A  at  the  bottom  of  the  semicircle 

..    390,  line  7  from  bottom,  for  1039x34,  ffotf  1039.3X4 

. .   296,  line  6,  /or  best  soluble  rtad  least  soluble 

..   312,  line  13, /or  8iO,»reod  Si 

..   314,  line  16,  dtit  be 

. .  333,  to  table  of  sulphurous  acid  series,  add  1 

Crystals  of  the  leaden  chambers  (de  la  ProToetaye)    80,-i-a-i-SO/) 
Ozichlorideofsuli^ur  (H.Rose)  .        .    SOt^-a-i-SOsO 

. .  330,  line  10  from  bottom, /or  Herschell  rttd  Herschel 

. .  336,  line  15,  for  hvposulphite  rtwi  hjrposulphate 

. .  362,  in  table  of  chlorides,  /or  hypochorus  rtod  hypochlorous 

. .  390,  line  8,  for  iodate  rtid  iodite 

. .  405,  line  13  from  bottom,  fw  ielenmrtUed  rtad  telenietted 

. .  424,  line  17  from  bottom, /or  htdfrtod  twice 

.  468,  line  6,  for  1 1  times  read  5§  times 

. .  471,  line  8,/or  12,000  tons  read  40,000  tons 

.  •  478,  line  18, 'after  not  efflorescent  dele  when  free  from  carbonate,  and 

itueri  although  injured  by  acid  fumes 

. .  596,  line  1,/or  Pattenson  read  Pattinson 

..  618,  line  l,/orNa  +  02WO,rfo<«NaO  +  2WO, 

..  652,  line  13,  for  chloride  of  strontium  rMkf  bromide  of  strontium 

. .  684,  line  13, /or  hydrochlorate  read  chloride 

. .  927,  line  9  frt>m  bottom, /»*  Tegetables  read  nutgalls 
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CHEMISTRY. 


CHAPTER   I. 

HEAT. 


The  objects  of  the  material  worid  are  altered  in  their  proper- 
ties by  heat  in  a  very  remarkable  manner.  The  conversion  of 
ice  into  water,  and  of  water  into  vapour,  by  the  application  of 
heat,  affords  a  familiar  illustration  of  the  effect  of  tliis  agent  in 
changing  the  condition  of  bodies.  All  other  material  substances 
are  equally  imder  its  influence  ;  and  it  gives  rise  to  numerous 
and  varied  phenomena,  demanding  the  attention  of  the  chemical 
inquirer. 

Heat  is  very  readily  communicated  from  one  body  to  another ; 
so  that  when  hot  and  cold  bodies  are  placed  near  each  other, 
they  speedily  att^n  the  same  temperature.  The  obvious  trans- 
ference of  heat  in  such  circumstances  impresses  the  idea  that  it 
possesses  a  substantial  existence,  and  is  not  merely  a  quality  of 
bodies,  like  colour  or  weight;  and  when  thus  considered  as 
a  material  substance^  it  has  received  the  name  caloric.  It 
would  be  injudicious,  however,  to  enter  at  present  into  any 
speculation  on  the  nature  of  heat ;  it  is  sufficient  to  remark 
that  it  differs  from  matter  as  usually  conceived,  in  several  res- 
pects. Our  knowledge  of  heat  is  limited  to  the  different  effects 
which  it  produces  upon  bodies,  and  the  mode  of  its  transmis- 
sion; and  these  sulyects  may  be  considered  without  reference  to 
any  theory  of  the  nature  of  this  agent. 

The  subject  of  heat  will  be  treated  of  under  the  following 
heads  : 


2  EXPANSION   OF  SOLIDS. 

1.  Expansion,  the  most  general  effect  of  heat,  and  the  Ther- 
mometer. 

2.  Specific  Heat. 

3.  The  communication  of  heat  by  Conduction  and  Radiation. 

4.  Liquefaction,  as  an  effect  of  heat. 

5.  Vaporization,  or  the  gaseous  state,  as  an  effect  of  heat. 

6.  Speculative  notions  which  have  been  entertained  respecting 
the  Nature  of  heat. 

EXPANSION  AND  THE  THERMOMETER. 

All  bodies  in  nature,  solids,  liquids,  or  gases,  suffer  a  tempo- 
rary increase  of  dimension  when  heated,  and  contract  again  into 
their  original  volume  on  cooling. 

1.  Expansion  of  solids.  The  expansion  of  solid  bodies,  such 
as  the  metals,  is  by  no  means  considerable,  but  may  readily  be 
made  sensible.  A  bar  of  iron,  which  fits  easily  when  cold  into 
a  gauge,  will  be  found,  on  heating  it  to  redness,  to  have  in- 
creased sensibly  both  in  length  and  thickness.  The  expansion 
and  contraction  of  metals,  indeed,  and  the  immense  force  with 
which  these  changes  take  place,  are  matters  of  familiar  observa- 
tion, and  are  often  made  available  in  the  arts.  The  iron  hoops 
of  carriage  wheels,  for  instance,  are  applied  to  the  frame  while 
they  are  red  hot,  and  in  a  state  of  expansion,  and  being  then 
suddenly  cooled  by  dashing  water  upon  them,  they  contract 
and  bind  the  wood  work  of  the  wheel  with  great  force.  The 
expansion  of  solids,  however,  is  very  small,  and  requires  nice 
measurement  to  ascertain  its  amount.  The  expansion  in  length 
only  has  generally  been  determined,  but  it  must  always  be  re- 
membered that  the  body  expands  also  in  its  other  dimensions, 
in  an  equal  proportion.  The  first  general  fact  observable  is,  that 
the  amoimt  of  dilatation  by  heat  is  different  in  different  bodies. 
No  two  solids  expand  alike.  The  metals  expand  most,  and  their 
rates  of  expansion  are  best  known.  Rods  of  the  undermen- 
tioned substances,  on  being  heated  from  the  freezing  to  the 
boiling  point  of  w^ter,  elongate  as  follows  : 
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This  is  the  increase  which  these  bodies  sustain  in  length. 
Their  increase  in  general  bulk  is  about  three  times  greater. 
Thus,  if  glass  elongates  1  part  in  2248  from  the  freezing  to  the 
boiling  point  of  water^  it  will  dilate  in  cubic  capacity  S  parts 
in  1243  or  1  part  in  416.  The  expanded  bodies  return  to  their 
oiiginal  dimensions  on  cooling.  Wood  does  not  expand  much 
in  length ;  hence  it  is  occasionally  used  as  a  pendulum  hkI. 
For  the  same  reason  a  slip  of  marble  has  lately  been  employed 
£»-  that  purpose,  in  constructing  the  clock  of  the  Royal  Society 
of  Edinburgh.  Flint  glass  expands  by  the  table  tVrvth  part, 
while  the  metal  platinum  expands  very  little  more,  (ttVt). 
Hence  the  possibility  of  cementing  glass  and  platinum  together, 
as  is  done  in  many  chemical  instruments.  Other  metals  pushed 
through  the  glass  when  it  is  red  hot  and  soft,  shrink  afterwards 
so  much  more  than  the  glass  on  cooling,  as  to  separate  from 
it,  and  become  loose.  Lead  is  the  most  expansible  of  the 
metals ;  it  expands  between  three  and  four  times  more  than 
friadnam  from  the  same  heat. 

By  fiir  the  most  important  discovery  in  a  theoretical  point 
of  yiew,  that  has  been  made  on  the  subject  of  the  dilatation 
idaotids  by  heat,  is  the  observation  of  Professor  Mitscherlich 
of  Berlin,  that  the  angles  of  some  crystals  are  affected  by 
changes  of  temperature.  This  proves  that  some  solids  in  the 
crystalline  form  do  not  expand  uniformly,  but  more  in  one 
direction  than  in  another.  Indeed,  Mitscherlich  has  shewn  that 
while  a  crystal  is  expanding  in  length  by  heat,  it  may  actually 
be  contracting  at  the  same  time  in  another  dimension.  An 
angle  of  rhomboidal  calcareous  spar  alters  eight  and  a  half 
minutes  of  a  degree  between  the  freezing  and  boiling  points  of 
water.  But  this  unequal  expansion  does  not  occur  in  crystals  of 
which  all  the  sides  and  angles  are  alike,  as  the  cube,  the  regular 
octohedron,  the  rhomboidal  dodekahedron.  In  investigating 
the  laws  of  expansion  among  solids,  it  is  adviseable,  therefore,  to 
make  choice  of  crystallized  bodies.  For,  in  a  substance  not 
regularly  crystallized,  the  expansion  of  different  specimens  may 
not  be  precisely  the  same,  as  the  internal  structure  may  be 
different.  Hence  the  expansions  of  the  same  substance,  as 
given  by  different  experimenters,  do  not  always  exactly 
correspond.  The  same  glass  has  been  observed  to  dilate 
more  when  in   the  form   of  a  soUd   rod,  than   in  that  of  a 

B  2 


4  -  EXPANSION  OF  SOUDS. 

tube ;  and  the  numerous  experiments  on  uncrystallized  bodies^ 
which  we  possess  have  afforded  no  ground  for  general  deduc- 
tions. 

It  has  been  farther  observed,  that  the  same  solid  is  more  ex- 
pansible at  high  than  at  low  temperatures,  although  the  increase 
in  the  rate  of  expansion  is  in  general  not  considerable.  Thus, 
if  we  mark  the  progress  of  the  dilatation  of  a  bar  of  iron  under 
a  graduated  heat,  we  find  that  the  increase  in  dimension  is 
greater  for  one  degree  of  heat  near  the  boiling  point  of  water 
than  for  one  degree  near  its  freezing  point.  SoUds  are  observed 
to  expand  at  an  accelerated  rate,  in  particular,  when  heated  up 
to  near  their  fusing  points.  The  cohesion  or  attraction  which 
subsists  between  the  particles  of  a  solid  is  supposed  to  resist 
the  expansive  power  of  heat.  But  many  soHds  become  less 
tenacious,  or  soften  before  melting,  which  may  account  for  their 
increasing  expansibility.  Platinum  is  the  most  uniform  in  its 
expansions  of  the  metals. 

Such  changes  in  b\ilk,  from  variations  in  temperature,  take 
place  with  irresistible  force.  This  was  well  illustrated  in  an 
experiment,  which  was  successfully  made  upon  a  gallery  in  the 
Museum  of  Arts  and  Manufactures  in  Paris,  in  order  to  preserve 
it.  The  opposite  walls  of  this  edifice  were  bulging  outwards, 
firom  the  pressure  of  the  floors  and  roof,  which  endangered  its 
stability.  By  the  directions  of  an  ingenious  mechanic,  stout 
iron  rods  were  laid  across  the  building,  with  their  extremities 
projecting  through  the  opposite  walls.  The  rods  were  then 
strongly  heated  by  a  number  of  lamps,  and  when  in  an  expanded 
condition,  a  disc  on  either  extremity  of  each  rod  was  screwed 
firmly  up  against  the  external  surface  of  the  wall.  On  after- 
wards allowing  the  rods  to  cool,  they  contracted,  and  drew  the 
walls  to  which  they  were  attached  somewhat  nearer  together. 
The  process  was  several  times  repeated,  till  the  walls  were 
restored  to  a  perpendicular  position. 

The  force  of  expansion  always  requires  to  be  attended  to  in 
the  arts,  when  iron  is  combined  in  any  structure  with  less  ex- 
pansible materials.  The  cope-stones  of  walls  are  sometimes 
held  together  with  clamps,  or  bars  of  iron  :  such  bars,  if  of  cast 
iron,  which  is  brittle,  often  break  on  the  first  frost,  from  a 
tendency  to  contract  more  than  the  stone  will  permit ;  if  of 
malleable  iron,  they  generally  crush  the  stone,  and  loosen  tliem- 
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aehres  in  tfaeir  sodcets.  When  cast  iron  pipes  are  employed  to 
conduct  hot  air  or  steam  through  a  fectory,  they  are  never 
allowed  to  abut  against  a  wall  or  obstade  which  they  might  in 
expanding  oTertum. 

A  compound  bar,  made  by  soldering  together  two  thin  plates 
of  cc^pper  and  platinum,  affords  a  good  illustration  of  unequal 
expansion  by  heat.  The  copper  plate,  being  much  more  expan- 
sible than  platinum,  the  bar  is  bent  upon  the  application  of 
heat  to  it ;  and  in  such  a  manner,  that  the  copper  is  on  the 
outside  of  the  curve.  It  may  easily  be  conceived,  that  by  a 
proper  attention  to  the  expansions  of  the  metals  of  which  it  is 
composed,  a  bar  of  this  kind  might  be  so  constructed,  that 
although  it  was  heated  and  expanded,  its  extreme  points  should 
ahrays  remain  at  the  same  distance  from  each  other,  the  length- 
ening being  compensated  for  by  the  bending.  The  balance 
wheels  of  chronometers  are  preserved  invariable  in  their  dia- 
meters, at  all  temperatures,  by  a  contrivance  of  this  kind.  It 
has  also  been  applied  to  the  construction  of  a  thermometer  of 
lolid  materials — that  of  Breguet. 

When  hot  water  is  suddenly  poured  upon  a  thick  plate  of 
glass,  the  upper  surface  is  heated  and  expanded  before  the  heat 
penetrates  to  the  lower  surface  of  the  plate.  There  is  here 
unequal  expansion,  as  in  the  case  of  the  slip  of  copper  and 
platinum.  The  glass  tends  to  bend,  with  the  hot  and  expanded 
surface  on  the  outside  of  the  curve,  but  is  broken  from  its  want 
of  flexibility.  The  occurrence  of  such  fractures  is  best  avoided 
by  applying  heat  to  glass  vessels  in  a  gradual  manner,  so  as  to 
occasion  no  great  inequality  of  expansion ;  or  by  using  very 
thin  vessels,  through  the  substance  of  which  heat  is  ra[)idly 
transmitted. 

This  effect  of  heat  on  glass  may  by  a  little  address  be  turned 
to  advantage.  Watch  glasses  are  cut  out  of  a  thin  globe  of 
glass,  by  conducting  a  crack  in  a  proper  direction,  by  means  of 
an  iron  rod,  or  piece  of  tobacco  pipe,  heated  to  redness,  (ilass 
vessels  damaged  in  the  laboratory  may  often  be  divided  in  the 
same  manner,  and  still  made  available  for  many  useful  pur- 
poses. 

Both  cast  iron  and  glass  are  pecidiarly  liable  to  accidents 
firom  unequal  expansion,  when  in  the  state  of  flat  plates.  Plate 
glass  ind^d  can  never  be  heated  without  risk  of  its  breaking. 
The  flat  iron  plates  placed  across  chimneys  as  dampers,  are  also 
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very  apt  to  split  when  tliey  become  hot,  and  mnch  inconvenience 
has  often  been  experienced  in  manufactories  from  this  cause.  A 
slight  curvature  in  their  form  has  been  found  to  protect  them 
most  effectually. 

Expansion  of  liquids.  In  liquids  the  expansive  force  of  beat 
is  little  resisted  by  cohesive  attraction,  and  is  much  more  consi- 
derable than  in  solids.  This  fact  is  strikingly  exhibited  by  filling 
the  bulb  and  part  of  the  stem  of  a  common  thermometer  tube 
with  a  liquid,  and  applying  heat  to  it.  The  Uquid  is  seen  im- 
mediately to  mount  in  the  tube. 

The  first  law  in  the  case  of  Uquids  is  that  some  expand  much 
more  considerably  by  heat  than  others.  Thus,  on  being  heated 
to  the  same  extent,  namely,  from  the  freezing  to  the  boiling 
point  of  water. 

Spirits  of  wine  expand  ^  that  is,  9  measures  become  10 
Fixed  oils  tV  m        12  „  13 

Water  ytV?        m  22.76  „  23.7^ 

Mercury  tt.t         „     55.5  „  56.6 

Spirits  of  wine  are,  therefore,  six  times  more  expansible  by 
heat  than  mercury  is.  The  difference  in  the  heat  of  the  seasons 
affects  sensibly  the  bulk  of  spirits.  In  the  height  of  summer 
spirits  will  measure  5  per  cent  more  than  in  the  depth  of 
winter. 

The  new  Uquids  produced  by  the  condensation  of  gases  appear 
to  be  characterized  by  an  extraordinary  dilatabiUty.  M.  Thilorier 
has  observed  that  fluid  carbonic  acid  is  more  expansible  by  heat 
than  air  itself;  heated  from  32*  to  86",  twenty  volumes  of  this 
Uquid  increase  to  twenty-nine,  which  is  a  dilatation  four  times 
greater  than  is  produced  in  air,  by  the  same  change  of  tempera- 
ture.* Mr.  Kemp  has  extended  this  observation  to  Uquid  sul- 
phurous acid  and  cyanogen,  which  although  not  possessing  the 
excessive  dilatabiUty  of  Uquid  carbonic  acid,  are  still  greatly 
more  expansible  than  ordinary  Uquids.  Sir  D.  Brewster  had 
several  years  before  discovered  certain  fluids  in  the  minute  cavi- 
ties of  topaz  and  quartz,  which  seemed  to  bear  no  analogy  to 
any  other  known  Uquid  in  their  extraordinary  dilatabiUty.  They 
do  not  appear  to  have  been  entirely  Uquefied  gases,  but  probably 
were  so  in  part.t 


*  Annales  de  Chimie  et  de  Physique,  t.  60,  p.  427. 
t  Edinburgh  Phil.  Trans,  rol.  z.  1824. 
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A  smgnbr  cormpcHidenoe  has  been  obeenred,  by  M.  Ooj* 
Loasac,  between  two  particalar  liquids — alcohol  and  sulphuret 
of  carbon,  in  the  amount  of  their  expansion  by  heat ;  although 
each  of  these  liquids  has  a  particular  temperature  at  which  it 
boOs-^ 

Alcohd  at  173* 

Sulphuret  of  carbon  at  1 1  ^ 
still  the  ratios  of  expansion  from  the  addition,  and  of  contrac- 
tion from  the  loss  of  heat,  are  found  to  be  uniformly  the  same 
in  the  case  of  these  two  liquids,  which  are  the  only  ones  known 
to  possess  such  a  relation.  The  number  of  liquids,  however, 
the  expansions  of  which,  under  different  degrees  of  heat,  have 
been  examined,  is  exceedingly  small ;  although  comparative  ex- 
periments may  be  made  with  much  greater  facility  in  regard  to 
tiquids  than  solids. 

The  second  law  is,  that  liquids  are  progressively  more  expan- 
sible at  higher  than  at  lower  temperatures.  Ttiis  is  less  the  case 
with  mercury,  perhaps,  than  with  any  other  liquid.  The  expan- 
sdons  of  that  liquid  are,  indeed,  so  uniform,  as  to  render  it  ex- 
tremely proper  for  the  construction  of  the  thermometer,  as  will 
afterwards  appear.  The  rate  of  expansion  of  mercury  was 
determined  with  extraordinary  care  by  Dulong  and  Petit. 
From    |oto  100^  centigrade,  mercury  expands  1  measure  on  55  ( 

„    100o„  200O         „  „  „        I  „  54i 


20(f  „  300° 


1 
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According  to  the  same  experimenters,  the  expansion  of  mer- 
cury, confined  in  glass  tubes,  is  only  1  on  &I.8.  The  dilatation 
of  the  glass  causes  the  capacity  of  the  instrument  to  be  enlarged, 
so  that  the  whole  expansion  of  the  mercury  is  not  indicated. 
The  only  mode  in  which  the  error  introduced  by  the  expansion 
of  the  endosing 
vessel  can  be 
avoided,  in  ascer- 
taining the  ex- 
pansions of  li- 
quids, is  that 
practised  by  Du- 
long and  Petit; 
namely,  heating 
the  liquid  in  one  limb  of  a  syphon,  (see  Figure)  and  observing 
how  high  it  rises  above  the  level  of  the  same  liquid  in  the  otlier 
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limb,  kept  at  a  constant  temperature.  The  columns  of  course 
balance  each  other,  and  the  shorter  column  of  dense  fluid  sup-* 
ports  a  longer  column  of  dilated  fluid.  All  other  modes  of  ob- 
taining the  absolute  expansions  of  liquids  are  fellacious. 

No  progress  has  yet  been  made  in  discovering  die  law  by 
which  expansions  of  liquids  are  regulated ;  for  the  complicated 
mathematical  formuls  of  Biot,  Dr.  Young,  and  others,  are  mere 
general  expressions  for  these  expansions,  which  proceed  upon 
no  ascertained  physical  principle.  Some  theory  must  be  formed 
of  the  constitution  of  liquids,  before  we  can  hope  to  account  for 
their  expansions. 

Count  Rumford  ascertained  the  contraction  of  water  for  every 
22  Jo,  in  cooling  from  212©  to  32®.    The  results  were  as  follows^ 
2000  measures  of  water  contract- 
In   cooling  22^"*,   or  from  212*     to 
w  »  189t     j> 

W  99  167  JJ 

n  99  144i     „ 

99  W  122  „ 

M  99  77  W 

W  99  54i        „ 

The  expansion  of  water,  by  heat,  is  subject  to  a  remarkable 
peculiarity  which  occasions  it  to  be  extremely  irregular,  and 
demands  special  notice.  This  liquid,  in  a  certain  range  of  tem- 
perature, becomes  an  exception  to  the  very  general  law  that 
bodies  expand  by  heat.  When  heat  is  applied  to  ice-cold  water, 
or  water  at  the  temperature  of  32<*,  this  Uquid,  instead  of  ex- 
panding, contracts  by  every  addition  of  heat,  till  its  temperature 
rises  to  40<>  at,  or  very  near  which  temperature  water  is  as  dense 
as  it  can  be.  And,  conversely,  when  water  of  the  temperature  of 
40<>  is  exposed  to  cold,  it  actually  expands  with  the  progress  of 
the  refrigeration.  Water  may,  with  caution,  be  cooled  20  or  25 
degrees  below  its  freezing  point,  in  the  fluid  form,  and  still  con- 
tinue to  expand.  It  is  curious  that  this  liquid,  in  a  glass  bulb, 
expands  as  nearly  as  possible  to  the  same  amount,  on  each  side 
of  42®  when  either  heated  or  cooled  the  same  number  of  degrees. 
Hence  when  cooled  to  40^  it  rises  to  the  same  point  in  tiie  stem 
as  when  heated  to  44^ ;  at  32°  it  stands  at  the  same  point  as  at 
52^  and  so  on  for  different  temperatures,  as  illustrated  in  the 
graduation  of  the  figure.   The  expansion  of  water  by  cold,  under 
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40b  is  eertainlj  not  rery  great,  being  little  more 
dian  1  pert  in  1000  it  S2^  ;  hence  it  was  earlj 
suspected  that  it  might  be  an  illusion,  from  the 
contndion  of  tiie  glass  bolb  (in  which  the  ex- 
periment w«s  always  made)  forcing  up  the  water 
m  the  stem*  But  all  grounds  of  objection  on 
tfab  score  have  been  remored  bj  the  mode  in 
wiiidi  the  experiment  has  subsequently  been 
conducted,  particularly  in  the  admirable  re- 
seirrhes  of  Dr.  Hope  on  this  subject* 

Dr.  Hope  carried  a  deep  glass  jar,  filled  with 
water  of  the  temperature  50^,  into  a  very  cold 
room ;  and  having  immersed  two  small  thermo- 
meters in  the  water,  one  near  the  surface,  and 
the  other  at  the  bottom  of  the  jar,  watched  their 
indications  as  the  cooling  proceeded.  The  thermometer  above 
indicated  a  temperature  higher  by  several  degrees  than  the  ther- 
mometer below,  till  the  temperature  fell  to  40°,  that  is,  the 
chilled  water  fell  as  usual  to  the  bottom  of  the  jar,  or  became 
denser  as  it  lost  heat,  as  illustrated  in  Figure  1.  At  4i)o  the  two 
thermometers  were  for  some  time  steady,  (Fig.  2.)  but  as  the 
cooling     proceeded       Pio.l.  Fio.2. 

beyond  that  point, 
the  instrument  in 
the  higher  situation 
indicated  the  lower 
temperature  (Fig.3); 
or  the  water  now  as 
it  became  colder, 
became  lighter,  and 
rose  to  the  top.  A  better  demonstration  of  the  fact  in  question 
could  not  be  devised. 

Great  psins  have  been  taken  by  several  philosophers  to 
determine  the  exact  temperature  of  this  turning  point,  at 
which  water  possesses  its  maximum  density.  By  tlie  recent 
elaborate  experiment  of  H&llstrom,  this  point  is  SD^'u^S.  Sir 
C.  Blagden  and  Mr.  Oilpin  had  made  it  89o.  Dr.  Hope  had 
estimated  it  at  39f>. 

When  salt  is  dissolved  in  water,  the  temperature  of  the 
maximum  density  becomes  lower  and  lower,  in  proportion  to 
the  quantity  of  salt  in  solution,  and  sinking  below  the  fr-eesing 


lo  cooKfis 
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below  40*. 
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point  of  the  liquid,  the  anomaly  disappears.  This  is  the  reason 
why  the  interesting  fact  we  have  been  discussing  cannot  be 
observed  in  the  case  of  sea  water. 

There  is  a  solid  body  which  presents  the  only  other  known 
parallel  case  of  progressive  contraction  by  heat;  this  is  Rose's 
fusible  metal,  which  is  an  alloy  of 

2   parts   by  weight  of  Bismuth 

1        part  yy  yy  yy        LCad 

1        n        »  9i  9J     ^^» 

A  bar  of  this  metal  expands  proppressively,  like  other  bodies^ 
till  it  attains  the  temperature  of  llio;  it  then  rapidly  contracts 
by  the  continued  addition  of  heat,  and  at  156^  attains  its 
maximum  density,  occupying  less  space  than  it  does  at  die 
freezing  point  of  water.  It  afterwards  progressively  expands 
melting  at  201^.  It  may  be  remarked,  however,  of  this  body, 
that  it  is  a  chemical  compound,  of  a  kind  in  which  a  change  of 
constitution  is  very  likely  to  occur  from  a  change  in  temperature ; 
and  that  it  cannot,  therefore,  be  fairly  compared  with  WBter. 

The  dilatation  which  water  undergoes  below  409  has  been 
supposed  to  be  connected  with  its  sudden  increase  of  volume 
in  freezing,  for  ice  is  specifically  lighter  than  water,  in  the 
proportion  of  92  to  100.  The  water,  it  is  said,  may  begin  to 
pass  partially  into  the  solid  form  at  40®,  although  the  change  is 
not  complete  till  the  temperature  sinks  to  32o.  But  such  an 
assumption  is  altogether  gratuitous,  and  improbable  in  the 
extreme. 

The  extraordinary  irregularity  in  the  dilatation  of  water  by 
heat  is  not  only  curious  in  itself,  but  also  of  the  utmost 
consequence  in  the  economy  of  nature.  When  the  cold  season 
sets  in,  the  surface  of  our  rivers  and  lakes  is  cooled  by  the  con- 
tact of  the  cold  air  and  other  causes.  The  superficial  water  so 
cooled,  sinks  and  gives  place  to  warmer  water  from  below, 
which,  chilled  in  its  turn,  sinks  in  like  manner.  The  progress 
of  cooling  in  the  lake  goes  on  with  considerable  rapidity,  so  long 
as  the  cold  water  descends  and  exposes  that  not  hitherto  cooled. 
But  this  circulationy  which  accelerates  the  cooling  of  a  mass  of 
water  in  so  extraordinary  a  degree,  ceases  entirely  when  the 
whole  water  has  been  cooled  down  to  the  temperature  of  40% 
which  is  still  8  degrees  above  the  freezing  point.  Thereafter 
the  chilled  surface  water  expands  as  it  loses  its  heat,  and  re- 
mains on  the  top,  from  its  lightness,  while  the   cold  is  very 
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impafttdj  propagated  downwards.  The  surface  in  the  end 
6eeses,  and  the  ice  may  thicken,  bat  at  the  depth  of  a  few  feet, 
the  temperature  is  not  under  40*,  which  is  high  when  compared 
with  that  frequently  experienced^  eren  in  this  climate,  during 
winter. 

If  water  continued  to  become  heavier,  until  it  arrived  at  the 
freezing  temperature,  the  whole  of  it  would  be  cooled  to  that 
point  before  ice  began  to  be  formed;  and  the  consequence 
would  be,  that  the  whole  body  of  water  would  rapidly  be 
converted  into  ice,  to  the  destruction  of  every  being  that 
inhabits  it.  Our  warmest  summers  would  make  but  httle 
impression  upon  such  masses  of  ice  ;  and  the  cheerful  climate, 
whidi  we  at  present  enjoy,  would  be  less  comfortable  than  the 
firozen  r^ons  of  the  pole.  Upon  such  delicate  and  beautilul 
adjustments,  do  the  order  and  harmony  of  the  universe 
depend. 

Expemsion  of  GastM.    The  expansion  by  heat  in  the  different 
forms  of  matter  is  exceedingly  various. 
By  being  heated  from  Si''  to  212% 

lOOO  cubic  inches  of   iron  become  1004. 
1000  „  water      „       1045. 

1000  „  air  „       1375. 

Gases  are,  therefore,  more  expansible  by  heat  than  matter 
in  the  other  two  conditions  of  liquid  and  solid.  The  reason 
is,  that  the  particles  of  air  or  gas,  far  from  being  under 
tlie  influence  of  cohesive  attraction,  like  solids  or  liquids,  are 
actuated  by  a  powerful  repulsion  for  each  other.  The  addition 
of  heat  mightily  enhances  this  repulsive  tendency,  and  causes 
great  dilatation. 

The  rate  of  the  expansion  of  air  and  gases  firom  increase  of 
temperature,  was  involved  in  considerable  uncertainty  till  a 
recent  period.  This  arose  from  the  neglect  of  the  early  experi- 
menters to  dry  the  air  or  gas  upon  which  they  operated.  The 
presence  of  a  little  water  by  rising  in  the  state  of  steam  into  the 
gas,  on  the  application  of  heat,  occasioned  great  and  irregular 
expansions.  But  in  1801,  the  law  of  the  dilatation  of  gases 
was  discovered  by  M.  Guy-Lussac,  of  Paris,  and  by  our  coun- 
tryman. Dr.  Dalton,  independently  of  each  other.  By  keeping 
the  gases  experimented  upon  dry,  these  philosophers  were  en- 
abl^  to  discover  that  all  gases  experience  the  same  increase  in 
volume  by  the  application  of  the  same  degree  of  heat. 
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Dr.  Dalton  confined  a  small  portion  of  dry  air  over  mercury 
in  a  graduated  tube.  He  marked  the  quantity  by  the  scale^  and 
the  temperature  by  the  thermometer.  He  then  placed  the 
whole  in  circumstances  where  it  was  uniformly  heated  up  to  a 
certain  temperature,  and  observed  the  expansion.  Guy-Lussac's 
apparatus  was  more  complicated,  but  calculated  to  give  very 
precise  results.  He  found  that  1000  volumes  of  air,  on  being 
heated  from  32*  to  212%  become  1375,  which  agreed  very 
closely  with  the  result  of  Dr.  Dalton.  Mr.  James  Crichton,  of 
Glasgow,  has  lately  confirmed  this  determination,  finding  that 
1000  volumes  of  air  become  1374.8. 

It  follows  consequently  that  air  at  the  freezing  point  expands 
^irrth  part  of  its  bulk  for  every  added  degree  of  heat  on  Fah- 
renheit's scale  :  that  is — 

480  cubic  inches  at  32^  become 

481  „  33« 

482  „  34**  &c. 

increasing  one  cubic  inch  for  every  degree.    A  contraction  of 
one  cubic  inch  occurs  for  every  degree  below  32®. 
480  cubic  inches  at  32®  become 

479         „  sr 

478  „  30® 

477  j>  29**  &c. 

We  can  easily  deduce,  from  this  law,  the  expansion  which  a 
certain  volume  of  gas  at  a  given  temperature  will  undergo,  by 
heating  it  up  to  any  particular  temperature ;  or  the  contraction 
that  will  result  from  cooling.  Air,  of  the  temperature  of  freezing 
water,  has  its  volume  doubled  when  heated  480  degrees^  and 
when  heated  960  degrees,  or  twice  as  intensely,  its  volume  is 
trebled,  which  is  the  efiect  of  a  low  red  heat. 

Hydrogen  gas,  steam^  and  the  vapour  of  sulphuric  ether  were 
found  to  expand  in  the  same  proportion  as  air.  It  has  hence 
been  concluded  that  the  rate  of  expansion  is  the  same  in  all 
gaseous  fluids.  It  is  to  be  observed  also,  that  in  the  same 
air  or  gas^  the  rate  of  expansion  continues  uniform  at  all  tem- 
peratures. 
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THE  THERMOMETER. 

An  mstmment  for  indicating  variations  in  the  intensity  of 
heat,  or  degrees  of  temperature,  by  their  effect  in  expanding 
9ome  body,  was  invented  more  than  two  centuries  ago,  and 
has  received  saccessive  improvements. 

The  expansions  of  solids  are  too  minute  to  be  easily  mea- 
sured, and  cannot,  therefore,  be  conveniently  applied  to  marie  de- 
grees of  heat.  Air  and  gases,  on  the  other  hand,  are  so  much 
dilated  by  a  slight  increase  of  heat,  that  they  are  not  calcu- 
lated for  ordinary  purposes.  The  first  thermometer  constructed, 
however,  that  of  Sanctorio,  was  an  air  one.Fio.  1.  Fio«2. 
A  glass  tube,  open  at  one  end,  with  a  bulb 
blown  upon  the  other,  (Fig.  1.)  was  slightly 
heated,  so  as  to  expel  a  portion  of  the  air  from 
it,  and  then  the  open  end  of  the  tube  was 
dipped  under  the  surface  of  a  coloured  fluid, 
which  was  aUowed  to  rise  into  the  tube,  as  the 
air  cooled  and  contracted.  When  heat,  the 
heat  of  the  hand  for  instance,  is  applied  to  the 
bulb,  the  air  in  it  is  expanded,  and  depresses 
the  column  of  coloured  fluid  in  the  tube.  A 
useful  modification  of  the  air  thermometer,  for 
researches  of  great  delicacy,  was  contrived  by  Sir  John  Leslie, 
under  the  name  of  the  Differential  thermometer.  In  this  in- 
strument, two  dose  bulbs  are  connected  by  a  syphon  containing 
a  coloured  liquid,  (¥lg.  2.)  If  both  bulbs  be  equally  heated,  the 
air  in  each  is  equally  expanded,  and  the  liquid  between  them 
remains  stationary.  But  if  the  upper  bulb  only  be  heated,  then 
the  air  in  that  bulb  is  expanded,  and  the  column  of  liquid  de- 
pressed. It  is,  therefore,  the  difference  of  temperature  between 
the  two  bulbs  which  is  indicated. 

But  liquids  fortunately  are  intermediate  in  their  expansions 
between  solids  and  gases,  and  when  contained  in  a  glass  vessel 
of  a  proper  form,  the  changes  of  bulk  which  they  undergo  can 
be  indicated  to  any  degree  of  precision. 

A  hollow  glass  stem  or  tube  is  selected,  the  calibre  or  bore  of 
which  may  be  of  any  convenient  size,  but  must  be  uniform,  or 
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not  wider  at  one  place  than  another.  Tubes  of  very  narrow 
bore,  and  which  are  called  capillary ,  the  bore  being  like  a  hair 
in  magnitude,  are  now  alone  employed.  Such  tubes  are  made 
by  rapidly  drawing  out  a  hollow  mass  of  glass  while  soffc  and 
ductile  under  the  influence  of  heat.  The  central  cavity  still 
continues,  becoming  the  bore  of  the  tube,  and  would  not  cease 
to  exist  although  the  tube  were  drawn  out  into  the  finest  thread. 
From  the  mode  in  which  capillary  tubes  are  made,  their 
equality  of  bore  and  suitableness  for  thermometers,  cannot  al- 
ways be  depended  upon.  The  bore  is  frequently  conical,  or 
wider  at  one  end  than  at  the  other.  It  is  tested  by  drawing  up 
into  the  tube  a  little  mercury,  as  much  as  fills  a  few  lines  of  the 
cavity.  The  little  column  is  then  moved  progressively  along 
the  tube,  and  its  length  accurately  measured,  at  every  stage,  by 
a  pair  of  compasses,  llie  column  will  measure  the  same  in 
every  part  of  the  tube,  provided  the  bore  does  not  alter.  Not 
more  than  one-sixth  part  of  the  tubes  made  are  foimd  to  pos- 
sess this  requisite. 

Satisfied  with  the  regularity  of  the  bore,  the  thermometer- 
maker  sofitens  one  extremity  of  the  tube,  and  blows  a  ball  upon 
it.  This  is  not  done  by  the  mouth,  which  would  moisten  the 
interior,  by  introducing  watery  vapour,  but  by  means  of  an 
elastic  bag  of  caoutchouc,  which  is  fitted  to  the  open  end  of  the 
tube.  He  then  marks  oflf  the  length  which  the  thermometer 
ought  to  have,  and  above  that  point  expands  the  tube  into  a 
second  bulb  a  little  larger  than  the  first.  It  has  then  the  form 
of  Figure  3.  After  cooling,  the  open  extremity  of  the  tube  is 
Fig.  3.  plunged  into  distilled 

and  well-boiled  mercu- 
ry, and  one  of  the  bulbs 
heated  so  as  to  expel 
airfiromit.  During  the 
cooling,  the  mercury  is 
drawn  up  and  rises  in- 
to the  bsJl  a.  It  is  made 
to  pass  firom  thence  into  the  ball  by  by  turning  the  instrument, 
so  that  b  is  undermost,  and  then  expelling  the  air  from  that 
bulb  by  applying  heat  to  it,  after  which  the  mercury  descends 
from  the  eflfect  of  cooling.  The  ball  i,  being  entirely  filled 
with  mercury,  and  a  portion  left  in  a,  the  tube  is  supported  by 
an  iron  wire,  as  represented  in  the  figure,  over  a  charcoal  fire, 
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There  it  is  heated  throughoat  its  whole  length,  ao  as  to  boil  the 
mercury^  the  yapour  of  which  drives  out  all  the  air  and  hami* 
ditf,  and  the  balls  contain  at  the  end  nothing  bat  the  metal 
and  its  vaponr.  The  open  end  of  the  tube,  which  must  not  be 
too  hot,  is  then  touched  with  sealing  wax,  which  is  drawn  into 
the  tube  on  melting,  and  solidifies  there  on  protecting  that  end 
of  die  tube  from  the  heat.  That  being  done,  the  thermometer 
is  immediately  withdrawn  from  the  fire,  and  being  held  with 
the  end  sealed  with  wax  uppermost,  during  the  cooling  the  ball 
bf  and  the  portion  of  the  tube  below  the  ball  a,  are  filled 
with  mercury.  After  cooling,  the  instrument  is  inclined  a  little, 
and  by  warming  the  lower  ball,  a  portion  of  mercury  is  expelled 
from  it,  so  that  the  mercury  may  afterwards  stand  at  a  proper 
height  in  the  tube  when  the  instrument  is  cold.  The  tube  is 
then  melted  with  care  by  the  blowpipe  flame  below  the  ball  «, 
and  dosed,  or  hermetically  sealed,  as  in  c.  The  thermometer 
is  in  this  way  properly  filled  with  mercury,  and  contains  no 
air. 

We  have  now  an  instrument  in  which  we  can  nicely  measure 
and  compare  any  change  in  the  bulk  of  the  included  fluid  metaL 
Having  previously  made  sure  of  the  equality  of  the  bore,  it  is 
evident  that  if  the  mercury  swells  up  and  rises  two,  three,  four, 
or  five  inches  in  the  tube,  it  has  expanded  twice,  thrice,  four  or 
five  times  more  than  if  it  had  risen  only  one  inch  in  the  tube. 
By  placing  a  graduated  scale  against  the  tube,  we  can,  therefore, 
leam  the  quantity  of  expansion  by  simple  inspection. 

In  order  to  have  a  fixed  point  on  the  scale,  firom  which  to 
begin  counting  the  expansion  of  mercury  by  heat,  we  plunge  the 
bulb  of  the  thermometer  into  melting  ice,  and  put  a  mark  on 
the  stem  at  the  point  to  which  the  mercury  fiJls.  Horn-ever 
frequently  we  do  so  with  the  same  instrument,  we  shall  find  that 
the  mercury  always  falls  to  the  same  point.  This  is,  therefore,  a 
fixed  starting  point.  We  obtain  another  fixed  point  by  plung- 
ing the  thermometer  into  boiling  water.  With  certain  precau- 
tions, this  point  will  be  found  equally  fixed  on  every  repetition 
of  the  experiment.  The  most  important  of  these  precautions  is, 
that  the  barometer  be  observed  to  stand  at  29.8  inches,  when 
the  boiling  point  is  taken.  It  will  afterwards  be  explained  that 
the  boiling  point  of  water  varies  with  tlie  atmospheric  pressure 
to  which  it  is  subject  at  the  time. 

Thermometers  which  are  properly  closed,  and  contain  no  air. 
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can  be  inverted  without  injury,  and  tlie  mercury  falls  into  the 
tube,  producing  a  sound  as  water  does  in  tlie  water-hammer. 
When  the  instrument  contains  air,  the  thread  of  mercury  is  apt 
to  divide  on  inversion,  or  from  other  circumstances.  When  this 
accident  occur«,  it  is  best  remedied  by  attaching  a  string  to  the 
upper  end  of  the  instrument,  and  whirling  it  round  tlie  head* 
The  detiiched  little  column  of  mercury  generally  acquires  in  this 
way  a  centrifugal  force,  which  enables  it  to  pass  the  air,  and 
rejoin  the  mercury  in  the  bulb. 

When  the  glass  of  the  bulb  is  thin,  it  is  proper  to  seal  the 
tube  as  described,  and  to  retain  it  for  a  few  weeks  before  mark- 
ing upon  it  the  fixed  points.  Thermometers^  however  carefully 
graduated  at  first,  are  found  in  a  short  time  to  stand  above  the 
mark  in  melting  ice,  imless  this  precaution  be  attended  to.  Old 
instniments^often  err  by  as  much  as  half  a  degree,  or  even  a  degree 
and  a  half  in  this  way.  The  effect  is  supposed  to  arise  from  the 
pressure  of  the  atmosphere  upon  the  bulb,  whicli,  when  not 
truly  spherical,  seems  to  yield  sUghtly,  and  in  a  gradual  manner^ 
The  chance  of  this  defect  may  be  avoided  by  giving  the  bulb  a 
certain  thickness.  Mr,  Crich ton's  thermometers,  of  which 
the  freezing  point  has  not  altered  in  forty  years,  were  aU  made 
unusually  thick  in  the  glass.  But  this  thickness  has  the  disad- 
vantage of  diminishing  the  sensibility  of  the  instrument  to  the 
impression  of  heat. 

We  have  in  this  way  the  expansion  marked  off  on  the  tube, 
which  takes  place  between  the  freezing  and  boiling  points  of 
water.  On  the  thermometer  which  is  used  in  this  cotmtry, 
and  called  Fahrenheit's,  this  space  is  subdivided  into  180  equal 
parts,  which  are  cidled  degrees.  This  division  appears  empirical, 
and  different  reasons  are  given  why  it  was  originally  adopted, 
Fahrenheit  was  an  instrument-maker  in  Hamburgh,  and  as  he 
kept  his  process  for  graduating  thermometers  a  secret,  we  can 
only  form  conjectures  as  to  what  were  the  principles  that  guided 
him. 

It  is  more  convenient  to  divide  the  space  between  the  freezing 
and  boiling  of  water  into  1 00  equal  parts,  which  was  done  in 
the  instrument  of  Celcius,  a  Swedish  philosopher.  This  di- 
vision was  ado]>ted  at  a  later  period  in  France,  under  the 
designation  of  the  centigrade  scale,  and  is  now  generally  used 
over  the  continent.  The  freezing  point  of  water  is  called  Q, 
or  zero,  and  die  boiUng  point    100,     But  in  our  scale,  tlie 
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pomt  i»  mrbitnurily  called  S2o,  or  the  dincl  degree;  and  conse- 
qaoitly  the  boiling  point  is  52  added  180^  or  the  212tb  degree."^ 

The  scale  can  ^stly  be  prolonged  to  any  extent,  above  or 
bdow  these  points^  by  marking  off  equal  lengths  of  the  tube 
for  180  degrees,  dther  above  or  below  the  space  first  marked. 
Ihe  degrees  of  contraction  below  zero,  or  0^,  are  marked  by 
die  minos  sign  ( — ),  and  called  negative  degrcen^  in  order  to 
distinguiah  them  from  dq^rees  of  the  same  name  above  zero, 
or  positiTC  d^rees.  Thus,  47^'  means  the  47th  degree  aboi-e 
lero,  —  47%  the  47th  degree  under  zero. 

The  only  other  scale  in  use  is  tiiat  of  Reaumur,  in  the  north 
of  Germany.  The  expansion  between  the  freezing  and  boiling  of 
water  is  divided  into  80  parts  in  this  thermometer.  The  relation 
between  the  three  scales  is  illustrated  in  the  following  diagram. 

The  zero  of  our  scale 

Fdireoheh-.  CenjS^e  Rca^or.    j^  ^^^,    ^^^^    j^,^^ 

the  freezing  point  of 
water,  and  the  expan- 
sions of  mercury  are 
available  in  the  ther- 
^  mometcr  from  — 39" 
_50  to600o;  but  about tlie 
_      latter  degree,  mercury 
rises  in  the  tube  in  tiie 
—  20  state  of  vapour,  so  as 
_  ^    to  derange  the  indica- 
tions, and  at  about  SGiY^ 
it  boils,   and  can   no 
longer  be  retained  in 
the  glass  vessel ;  while 
at  the  former  low  point 
it  freezes  or  becomes 

*  A  limple  rule  may  be  giTCn  for  conrertinjf  centigrade  degrees  into  degrees 
Fahrenheit.  100  degrees  Ceatigrade  being  equal  to  180  degrees  Fahrenheit, 
10  degrees  C.  =  18  degrees  F.,  or  5  degrees  C.  =  9  degrees  P. ;  maltiply  the 
Centigrade  degrees  by  9,  and  diridc  by  5»  and  add  3?.  Thus  to  find  the  degree  F. 
corresponding  with  50**  C.  ^0 

9 

5)450 

90 
add  32 

Or  the  50"  C.  corrc^prnds  with  the  122°  F. 


100. 
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solid.  For  degrees  of  cold  below  the  free2dng  point  of  mercury, 
we  musrt  be  guided  by  the  contractions  of  alcohol,  or  spirits  of 
wine,  a  liquid  which  has  not  been  frozen  by  any  degree  of  cold 
we  are  capable  of  producing.  There  is  no  reason,  however,  for 
believing  that  we  have  ever  descended  more  than  130  or  140 
degrees  below  our  zero. 

The  zero  of  these  scales  has,  therefore,  no  relation  to  the 
real  zero  of  heat,  or  point  at  which  bodies  have  lost  all  heat. 
Of  this  point  we  know  nothing,  and  there  is  no  reason  to 
suppose  that  we  have  ever  approached  it.  The  scale  of  tem- 
perature may  be  compared  to  a  chain,  extended  both  upwards 
and  downwards  beyond  our  sight.  We  fix  upon  a  particular 
link,  and  count  upwards  and  downwards  from  that  link,  and 
not  from  the  beginning  of  the  chain. 

The  means  of  producing  heat  are  much  more  at  our  com- 
mand, but  we  have  no  measure  of  it,  of  easy  application  and 
admitted  accuracy,  above  the  boiUng  point  of  mercury.  Re- 
course has  been  had  to  the  expansion  of  solids  at  high  tem- 
peratures, and  various  pyrometers,  or  "  measures  of  fire,'*  have 
been  proposed.  Professor  DanieFs  pyrometer  is  a  valuable  instru- 


ment of  this  kind,  but  it  has  not  yet  come  into  general  use. 
Its  indications  result  from  the  diflference  in  the  expansion  by 
heat  of  an  iron  or  platinum  bar,  and  a  tube  of  well-baked  l)lack- 
lead  ware,  in  which  the  bar  is  contained.  The  metallic  bar  a 
is  shorter  than  the  tube,  and  a  short  plug  of  earthenware  b  is 


THE  THERMOMETER.  19 

phoed  in  tiie  moatii  of  the  tube  above  tlie  iron  bar,  and  so 
Kcured  by  a  strap  of  platinum  foil  and  a  little  wedge,  that  it 
slides  wiUi  difficulty  in  the  tube.  By  the  expansion  of  the 
metallic  bar,  the  plug  of  earthenware  is  pushed  outwards,  and 
remains  in  its  new  position  after  the  contraction  of  the  metallic 
bar  on  cooling.  The  expansion  of  the  iron  bar  tiius  obtained, 
is  measored  by  adapting  to  the  instrument  an  index,  r,  whidi 
trarerses  a  circular  scale,  before  and  after  the  earthenware  plug 
has  been  moved  outwards  by  the  expansion  of  the  metallic  bar. 
The  degrees  marked  on  the  scale  are  in  each  instrument  com- 
pared experimentally  with  those  of  the  mercurial  scale,  and 
the  ratio  marked  on  the  instrument,  so  that  its  degrees  are 
convertible  into  those  of  Fahrenheit,  (Philosophical  Trans- 
actions, 1850-31.)  An  air  tiiermometer,  of  which  the  bulb  and 
tube  were  of  metal,  has  also  been  employed  to  explore  high 
temperatures.  In  the  old  pyrometer  of  Wedgwood,  the  degree 
of  heat  was  estimated  by  the  permanent  contraction  which  is 
produced  upon  a  pellet  of  pipe-day;  but  the  indications  of  this 
instrument  are  fallacious,  and  it  has  long  gone  out  of  use. 

The  applicability  of  tiie  mercurial  thermometer,  to  measure 
d^rees  of  heat,  depends  upon  two  important  circumstancef, 
which  involve  the  whole  theory  of  tiie  instrument: 

1st.  The  hollow  glass  ball,  with  its  fine  tube  of  uniform  bore, 
is  a  nice  fluid  measure.  The  ball  and  part  of  the  stem  being 
filled  with  a  fluid,  the  slightest  change  in  the  bulk  of  the  fluid, 
which  may  arise  from  the  application  of  heat  or  of  cold  to  it,  is 
conspicuously  exhibited  by  the  rise  or  fall  of  the  fluid  column  in 
the  stem.  No  more  delicate  measure  of  the  bulk  of  an  included 
fluid  could  be  devised. 

2nd.  It  fortunately  happens  that  the  expansions  of  the  fluid 
metal,  mercury,  which  we  can  thus  measure  so  accurately,  are 
proportional  to  the  quantities  of  heat  which  produce  them. 
But  the  mode  in  which  this  is  proved,  requires  a  little  atten- 
tion. Suppose  we  had  two  reservoirs,  one  containing  cold,  and 
the  other  hot  water.  Plunge  a  thermometric  bulb  containing 
mercury  first  into  the  cold  water,  and  mark  at  what  i)oint 
in  the  stem  the  mercury  stands.  Then  plunge  it  into  the  hot 
water,  and  mark  also  the  point  to  which  the  mercury  now  rises 
in  the  stem.  We  can  obviously  make  a  heat  which  will  be  half 
way  exacdy  between  the  hot  and  cold  water,  by  taking  the  same 
quantity  of  the  hot  and  cold  water  and  mixing  them  together. 
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N0W5  does  this  half  heat  produce  a  half  expansion  in  mercoiy  ? 
On  trial  we  find  that  it  does.  In  the  mixture  of  equal  parts  of  the 
hot  and  cold  water,  the  mercury  stands  exactly  half  way  between 
the  markS;  supposing  the  experiment  to  be  conducted  with  the 
proper  precautions.  This  proves  that  the  dilatations  of  mercury 
are  pr(q>ortional  to  the  intensity  of  the  heat  which  produces 
them.  In  the  mercurial  thermometer,  therefore,  quantities  or 
degrees  of  expansion  may  be  taken  to  indicate  quantities  or 
degrees  of  heat ;  and  that  is  the  principle  of  the  instrument. 

The  same  correspondence  exists  between  the  expansions  of 
air  and  the  quantities  of  heat  which  produce  them.  Indeed  in 
the  case  of  air,  the  correspondence  is  rigidly  exact,  while  in 
the  case  of  mercury  it  is  only  a  close  approximation.  Thus 
Dulong  and  Petit  found  that  the  boihng  point  of  mercury  was, 

as  measured  by  mercury  in  a  syphon  .        •        680^. 

y,         the  air  thermometer         .        .        .        662^ 
„         mercury  in  glass,  (Mr.  Crichton)  GStf*. 

A  short  table  exhibiting  the  increasing  rate  of  the  expansions 
of  mercury  has  already  been  given,  but  glass  expands  in  a  ratio 
increasing  still  more  rapidly  than  this  metal ;  so  that  the  greater 
expansion  of  the  mercury  in  the  thermometer  at  high  tempera- 
tures, is  fortunately  corrected  by  the  increasing  capacity  of 
the  glass  bulb. 

Fixed  oils  and  spirits  of  wine  do  not  deviate  far  from  uni- 
formity in  their  expansions,  at  Ijeast  at  low  temperatures,  and 
therefore  are  sometimes  used  as  thermometric  liquids. 

Thermometers  have  been  devised  which  indicate  the  highest 
and  lowest  temperature  which  has  occurred  between  two  observa- 
tions, or  are  self-registering.     Six^s  thermometer,   which  was 

invented  by  Dr.Ru- 
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therford  is  of  this 
kind.  This  instru- 
ment consists,  pro- 
perly speaking,  of 
two  thermometers, 
one  a,  of  spirit  of  wine,  and  the  other  b  of  mercury,  which  are 
placed  in  the  position  represented  in  the  figure,  their  stems 
being  in  a  horizontal  direction.  The  thermometer  b  is  intended 
to  indicate  the  maximum  temperature.  It  contains,  in  advance 
of  the  mercury,  a  short  piece  of  iron  wire,  which  the  mercury 
carries,  forward  with  it  in  dilating,  and  which  remains  in  its 
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•dTsnoed  position,  marking  the  higliest  temperature  that  has 
oocnrred,  when  the  mercury  withdraws.  The  minimum  tempe- 
rature is  indicated  by  the  spirit  of  wine  thermometer  a,  which 
contains,  immersed  in  the  spirit,  a  small  cylinder  of  ivory,  which 
hy  a  slight  inclination  of  the  instrument  iaUs  to  the  surfiux  of 
the  liquid  without  being  able  to  pass  out  of  it.  When  the  ther- 
mometer sinks,  the  ivory  is  carried  back  in  the  spirit;  but  when 
the  temperature  rises,  the  alcohol  only  advances,  leaving  the  ivory 
where  it  was.  Its  extremity  most  distant  from  the  bulb  then 
indicates  the  lowest  temperature  to  which  the  thermometer  had 
been  exposed.  Before  another  observation  is  made,  the  ivory 
must  be  brought  again  to  the  sur£we  of  the  alcohol,  by  a  slight 
percussion  of  the  instrument. 

Our  notions  of  the  range  of  temperature  aoqiure  all  their 
precision  from  the  use  of  the  thermometer.  Cold,  for  instance 
is  allowed  a  substantial  existence  as  well  as  heat,  in  popular 
language.  What  is  cold  ?  it  is  the  absence  of  heat,  as  dark- 
ness is  the  absence  of  light.  The  absence  of  heat,  however, 
is  never  complete  but  only  partial.  Water,  after  it  is  frozen 
into  ice,  cold  as  it  is  in  relation  to  our  bodies,  has  not  lost  all 
its  heat,  for  it  is  easy  to  cool  a  thermometer  far  below  the  tem- 
perature of  ice,  and  have  it  in  such  a  condition  as  that  it  shall 
acquire  heat,  and  be  expanded  by  contact  with  ice ;  thus  proving 
that  the  ice  contains  heat.  Spirits  of  wine  have  not  been 
frozen  at  the  lowest  temperature  that  has  hitherto  been  attained ; 
but  even  then  this  liquid  possesses  heat,  and  there  is  no  doubt 
that  if  a  sufBcientiy  large  portion  of  its  heat  were  withdrawn  it 
would  fireeze  like  other  bodies.  The  following  are  interesting 
drcumstances  in  tiie  range  of  temperature : 

Greatest  artificial  cold.    Thilorier. 

Solid  compound  of  alcohol  and  carbonic  acid 

melts. 
Greatest  artificial  cold  measured  by  Walker. 
Temperature  of  planetary  space.     Fourier. 
Greatest  natural  cold  observed  by  Ross. 
Greatest  natural  cold  observed  by  Parrj'. 
Sulphuric  ether  congeals. 
Melting  point  of  solid  mercury. 
A  mixture  of  equal  parts  of  alcohol  and  water 

freezes. 
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A  mixture  of  one  part  of  alcohol  and  three  parts 
of  water  freezes. 
Strong  wine  freezes. 
Ice  melts. 

Medium  temperature  of  the  surface  of  theglobe. 
Mean  temperature  of  England. 
Heat  of  the  human  blood. 
Wood-spirit  boils. 
Alcohol  boils. 
Water  boils. 
Tin  melts. 
Lead  melts. 
Mercury  boils. 
Red  heat.    Daniell. 
Heat  of  a  common  fire.    Do. 
Brass  melts.    Do. 
Silver  melts.    Do. 
Iron  melts.    Do. 
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Equal  bulks  of  different  substances,  such  as  water  and 
mercury,  require  the  addition  of  different  quantities  of  heat  to 
produce  the  same  change  in  their  temperature.  This  appears 
evident  from  a  variety  of  circumstances.  If  two  similar  glass 
bulbs,  like  thermometers,  one  containing  mercury  and  the  other 
water,  be  immersed  at  the  same  time  in  a  hot  water-bath,  it 
will  be  found  that  the  mercury  bulb  is  heated  up  to  the  temt- 
perature  of  the  water-bath  in  half  the  time  that  the  water  bulb 
requires ;  and  if  the  two  bulbs,  after  having  both  attained  the  tem- 
perature of  the  water-bath,  be  removed  from  it  and  exposed  to 
the  air,  the  mercury  bulb  will  cool  twice  as  rapidly  as  the  other. 
These  effects  must  arise  from  the  mercury  absorbing  only  half 
the  quantity  of  heat  which  the  water  does  in  being  heated  up  to 
the  same  degree  in  the  water  bath,  and  from  having  conse- 
quently only  half  the  quantity  of  heat  to  lose  in  the  subsequent 
cooling.  Again,  if  we  mix  equal  measures  of  water  at  70"  and 
130",  the  temperature  of  the  whole  will  be  IW ;  or  the  hot 
measiure  of  water,  in  losing  thirty  degrees,  elevates  the  tempera- 
ture of  the  cold  measure  by    an  equal  amount.    But   if  we 
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nbstitate  for  tiie  hot  water  in  this  experiment  an  equal  measure 
of  mercury  at  130*,  on  mixing  it  with  the  measure  of  water  at  70* 
the  temperature  of  the  whole  will  not  be  100*,  but  more  nearly 
90*.  Here  the  mercury  is  cooled  from  130^  to  90^,  or  loses 
forty  d^rees  of  heat;  which  have  been  transferred  to  the  water, 
but  which  raise  the  temperature  of  the  ktter  only  twenty  de- 
grees, CM"  from  700  to  90O.  To  heat  the  measure  of  water  at  70© 
to  100*,  we  must  mix  with  it  two,  or  a  little  more  than  two 
equal  measures  of  mercury  at '  130*,  although  one  measure  of 
water  at  130^  would  answer  the  purpose.  If,  therefore,  two 
measures  of  mercury,  by  losing  thirty  degrees  of  temperature, 
heat  up  only  one  measure  of  water  by  thirty  degrees,  it  follows 
that  hot  mercury  possesses  only  half  the  heat  of  equally  hot 
water ;  or  that  water  requires  double  the  quantity  of  heat  that 
is  required  by  mercury,  to  raise  it  a  certain  number  of  degrees. 
This  is  expressed  by  saying  that  water  has  twice  the  capacUy 
for  heat  that  mercury  possesses. 

It  is  more  convenient  to  exinress  the  capacities  of  different 
bodies  for  heat,  with  reference  to  equal  weights  than  equal 
measures  of  the  bodies.  On  accurate  trial,  it  is  found  that  a 
pound  of  water  absorbs  thirty  times  more  heat  than  a  pound 
of  mercury,  in  being  heated  the  same  number  of  degrees  :  the 
capacity  of  water  for  heat  is,  therefore,  thirty  times  greater  than 
that  of  mercury.  The  capacities  of  these  two  bodies  are  in  the 
relation  of  1000  to  33 ;  and  it  is  convenient  to  express  the 
capacities  for  heat  of  all  bodies,  in  relation  to  that  of  water 
as  1000.     Such  numbers  are  the  gpecific  heats  of  bodies. 

Tlie  best  method  of  determining  the  capacity  for  heat,  con- 
sists in  allowing  different  substances  to  cool  the  same  numlier 
of  d^rees  in  circumstances  which  are  exactly  similar;  to  inclose 
them,  for  instance,  in  a  polished  silver  vessel,  containing  the 
hulb  of  a  thermometer  in  its  centre,  and  to  place  this  vessel 
under  a  bell-jar  in  which  a  vacuum  is  made.  The  time  which 
die  difierent  substances  take  to  cool,  enables  us  to  calculate 
die  quantity  of  heat  which  they  give  out.  By  this  exact  method. 
Messieurs  Dulong  and  Petit  determined  the  capacity  for  heat  of 
die  following  substances : 

Specific  heml. 

Water 1000 

Sulphur 18H 

Glass 117 
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Specific  heaU 

Iron 110 

Copper 95 

Zinc 93 

Silver 56 

Mercury 33 

Platinum 31 

Lead 29 

The  method  of  cooling  gives  results  so  exact,  as  to  allow  the 
detection  of  an  increase  of  capacity  with  the  temperature.  The 
capacity  of  iron,  when  tried  between  32^  and  212o,  as  was  the 
case  with  all  the  bodies  in  the  table,  was  110 ;  but  115  between 
32'*  and  392©,  and  126  between  32*  and  662^  It  hence  fol- 
lows, that  the  capacity  for  heat,  like  dilatation,  augments  in 
proportion  as  the  temperature  is  elevated.  Dulpng  and  Petit 
likewise  established  a  relation  between  the  capacity  for  heat  of 
metallic  bodies  and  the  proportion  by  weight  in  which  they 
combine  with  oxygen,  or  any  otiier  substance,  which  will  again 
be  adverted  to. 

Of  all  liquid  or  solid  bodies,  water  has  much  the  greatest 
capacity  for  heat.  Hence  the  sea,  which  covers  so  large  a  pro- 
portion of  the  globe,  is  a  great  magazine  of  heat,  and  has  a 
beneficial  influence  in  equalizing  atmospheric  temperature. 
Mercury  has  a  small  specific  heat,  so  that  it  is  quickly  heated 
or  cooled,  another  property  which  recommends  it  as  a  liquid  for 
the  thermometer,  imparting,  as  it  does,  great  sensibility  to  the 
instrument. 

The  determination  of  the  specific  heat  of  gases  is  a  problem 
involved  in  the  greatest  practical  difficulties ;  so  that  notwith- 
standing its  having  occupied  the  attention  of  some  of  tiie  ablest 
chemists,  our  knowledge  on  the  subject  is  still  of  tiie  most 
uncertain  nature.  It  has  been  concluded  by  Delarive  and 
Marcet,*  and  by  Mr.  Haycraft,t  that  the  specific  heat  of  all 
gases  is  the  same  for  equal  volumes.  But  this  opinion  has  been 
controverted  by  Dulong,:^  and  by  Dr.  Apjohn  ;§  and  most  che- 
mists are  now  disposed  to  place  more  reliance  upon  the  old 
experiments  of  Delaroche  and  Berard  than  upon  any  others 

•  Anoales  de  Ch.  et  de  Ph.  t.  35,  p.  5.  and  t.  4  l,p.  78. 

t  Edinburgh  Phil.  Trans.  1824. 

:  AnuAles  de  Ch.  et  dc  Ph.  t.  41,  p.  113. 

%  Transactions  of  the  Royal  Irish  .\cadcmy,  1837. 
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wtiA  have  been  rabsequentlj  pabUahed.*  Their  method  was 
to  tmumit  known  quantities  of  the  gases,  heated  to  312<>  in  an 
mifonn  corrent,  through  a  serpentine  tube,  sorrounded  by 
water,  the  tempenitare  of  which  was  observed,  by  a  delicate 
thermometer  at  the  bq;inning  and  end  of  the  process*  Their 
lesolts  are  as  follows  : 
Specific  heat  of  gases  referred  to  water. 


ipedftcbeat 

•peciftcbciU. 

nme  vrigbt. 

MUM  weight 

Wati^r 

1000 

Nitrogen 

-'75 

Air 

267 

Nitrous  oxide 

237 

Hydrogen 

3294 

Olefiant  gas 

421 

Carbonic  acid 

221 

Carbonic  oxide 

288 

Oxygen 

236 

Steam 

847 

It  will  be  observed,  that  the  capacity  for  heat  of  steam  is  less 
than  that  of  an  equal  weight  of  water.  Hence,  the  specific  heat 
of  a  body  may  change  with  its  physical  state.  Delaroche  and 
Berard  likewise  observed  that  the  capacity  of  a  gas  is  increased 
by  its  rarefiaution.  When  the  volume  of  a  gas  is  doubled,  by 
irithdrawing  half  the  pressure  upon  it,  its  specific  heat  is  not 
quite  so  much  as  doubled.  This  is  the  reason  why  a  gas  be- 
comes cold  in  expanding.  In  the  expanded  state  it  requires 
more  beat  to  sustain  it  at  its  former  temperature,  firom  the 
augmentation  which  has  occurred  in  its  capacity.  Air  expanded 
into  double  its  volume  is  cooled  40  or  45  degrees ;  and  it  has  its 
temperature  raised  to  that  extent  by  compression  into  half  its 
volume ;  suddenly  condensed  to  one-fifth  of  its  volume  by  a 
piston  in  a  small  brass  cylinder,  so  much  heat  is  evolved  as  to 
cause  the  ignition  of  a  readily  infianimable  substance,  such  as 
tinder. 


COMMUNICATION  OF  HEAT  BY  CONDUCTION  AND  RADIATION. 

I.  Conduction.  When  one  extremity  of  a  bar  of  iron  is 
plunged  into  a  fire,  the  heat  passes  through  tlie  bar  in  a  gradual 
manner,  being  communicated  from  particle  to  particle,  and  after 
passing  through  the  whole  length  of  the  bar,  may  arrive  at  the 
other  extremity.  Heat,  when  conveyed  in  this  way,  is  said  to 
be  conducted. 

*  Annaiet  de  Cbimic,  t  75 ;  or  Aanali  of  Pbilotophy,  voL  ii. 
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In  the  case  of  solid  substances,  the  phenomenon  of  the  con- 
duction of  heat  is  so  simple  and  fkmiliar,  that  litde  need  be  said 
on  the  subject.  Different  solid  substances  vary  exceedingly 
from  each  other  in  their  power  to  conduct  heat.  Dense  or 
heavy  substances  are  generally  good  conductors,  while  light  and 
porous  bodies  conduct  heat  imperfectly.  Hence,  the  universal 
use  of  substances  of  the  latter  class  for  the  purposes  of  clothing. 
Count  Rumford  observed  that  the  finer  tibe  fabric  of  woollen 
doth  is,  the  more  imperfectly  does  it  conduct.  The  down  of 
the  eider-duck  appears  to  be  unrivalled  in  this  respect.  Bad 
conductors  are  also  the  most  suitable  for  keeping  bodies  cool, 
protecting  them  from  the  access  of  heat.  Hence,  to  preserve  ice 
in  summer,  wc  wrap  it  in  flannel.  Among  good  conductors  of 
heat,  the  metals  are  the  best.  The  relative  conducting  power 
of  several  bodies  is  expressed  by  the  numbers  in  the  following 
table,  from  the  experiments  of  Despretz. 


Gold 

1000 

Tin 

303.9 

Silver 

973 

Lead 

179.6 

Copper 

898 

Marble 

23.6 

Hatinum 

381 

Porcelain 

14.2 

Iroh 

S74UJ 

Clay 

11.4 

Zinc 

363 

Glass  is  an  imperfect  conductor,  for  we  can  fuse  the  point  of 
a  glass  rod  in  a  lamp,  holding  it  within  an  inch  of  the  extremity. 
On  the  contrary,  we  find  it  diflBcult  to  heat  any  part  of  a  thick 
metaUic  wire  to  redness  in  a  lamp,  owing  to  the  rapidity  with 
which  the  heat  is  carried  away  by  the  contiguous  parts. 

Certain  vibrations  were  observed  by  Mr.  Trevelyan  to  take 
place  between  metallic  masses  having  different  temperatures, 
occasioning  particular  sounds,  which  appear  to  be  connected 
with  the  conducting  power  of  the  metals.*  Thus, 
if  a  heated  curved  bar  of  brass  by  be  laid  upon 
a  cold  support  of  lead  /,  of  which  the  surface  is 
flat,  as  represented  in  the  figure,  the  brass  bar, 
while  communicating  its  heat  to  the  lead,  is 
thrown  into  a  state  of  vibration,  accompanied 
with  a  rocking  motion  and  the  production  of  a  musical  note, 
like  that  of  the  glass  harmonicon.  The  motion  of  the  brass 
bar  appears  to  depend  upon  a  certain  repulsion  existing  be- 
tween heated  surfaces,    enhanced  in   this    case    by  the    low 

•  PhU.  Mag.  3d  series^  toI.  iii,  321. 
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cBidncling  power  of  the  lead,  which  allows  its  sur&ce  to 
be  atniD^y  heated  by  the  brass.  Professor  Forbes  finds  that 
tlie  most  intense  vibralioDS  are  produced  between  the  best  con- 
ductors and  the  worst  conductors  of  heat,  the  latter  being  the 
cold  bodies.* 

Oar  ordinary  conceptions  of  the  actual  temperature  of  differ- 
eot  bodies,  are  much  affected  by  the  conducting  powers  of  these 
bodies.  If  we  apply  the  hand,  at  the  same  time,  to  a  good  and  to 
a  bad  conductor,  such  as  a  metal  and  a  piece  of  wood,  which  are 
exactly  o£  the  same  temperature  by  the  thermometer,  the  good 
oonductor  will  feel  colder  or  hotter  than  the  other,  from  the 
greater  rapidity  with  which  it  conducts  away  heat  from,  or 
oommnnicates  heat  to  our.  body,  according  as  the  temperature 
of  the  metal  and  wood  happens  to  be  above  or  below  that  of 
the  hand  appUed  to  them. 

The  di£Eusion  of  heat  through  liquids  and  gases  is  effected,  in 
a  great  measure,  by  the  motion  of  their  particles  among  each 
other.    When  heat  is  iq>plied  to  the  lower  part  of  a  mass  of 
liquid  the  heated  portions  become  lighter  than  the  rest,  and 
ascend  rsqpidly,  conveying  or   carrying  the  heat  through  the 
mass  of  the  fluid.    In  a  glass  flask,  for  instance,  containing 
water,  with  which  a  small  quantity  of  any  light  insoluble  powder 
has  been  mixed,  a  circulation  of  the  fluid 
may  be  observed  ui)on  the  application  of 
the  flame  of  a  lamp  to  the  bottom  of  the 
vessel,  the  heated  Uquid  rising  in  the 
centre  of  the    vessel,  and  afterwards 
descending  near  its  sides,  as  represented 
in  the  annexed  figure.     But  when  heat 
is  applied  to  the  surface  of  a  liquid,  this 
circulation  does  not  occur,  and  the  heat 
is  propagated  very  imperfectly  down- 
wards.   It  has  even  been  doubted  whe- 
ther liquids  conduct  heat  downwards  at 
all,  or  indeed  in  any  other  way  than  by 
conveying  it,  as  above  described.  It  can 
be  proved,  however,  that  heat  passes 
downwards  in  fluid  mercury,  and  hence 
it  is  probable  that  all  liquids  possess  a 
slight  conducting  power  similar  to  that  of  soUds. 

*  fidin.  Pbil*  Trmnt.  f ol  lU. 
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Let  the  endless  tube  represented  in 
the  accompanying  figure  be  supposed 
to  be  entirely  filled  with  water^  and 
the  heat  of  a  fire  be  applied  to  the 
lower  portion  of  it  at  a,  which  is 
twisted  into  a  spiral  form^  the  water 
will  immediately  be  set  in  motion,  and 
made  to  circulate  through  the  tube, 
from  the  expansion  and  ascent  of  the 
portion  in  a,  and  the  whole  of  the  water 
in  the  tube  will  be  brought  in  succes- 
sion to  the  source  of  heat.  The  tube 
may  be  led  into  an  apartment  above  d> 
and  being  twisted  into  another  spiral  Bt 
by  a  quantity  of  the  heat  of  the  circulating  water  will  be  dis- 
charged in  proportion  to  the  extent  of  surface  of  tube  exposed. 
Water  of  a  temperature  considerably  above  212®  is  made  to 
circulate  in  this  manner  through  a  very  strong  drawn  iron  tube 
of  about  one  inch  in  diameter,  for  the  purpose  of  heating  houses 
and  public  buildings.  A  slight  waste  of  the  water  is  found  to 
occur,  so  that  it  is  necessary  to  introduce  a  small  quantity  every 
few  weeks  by  an  opening  and  stopcock  c,  in  the  upper  part  of 
the  tube.  Tubes  of  larger  calibre,  with  water  circulating  below 
the  boiling  point,  are  likewise  much  used  for  warming  large 
buildings. 

Air  and  gases  are  very  imperfect  conductors.  Heat  appears  - 
to  be  propagated  through  them  almost  entirely  by  conveyance, 
the  heated  portions  of  air  becoming  lighter,  and  difiusing  the 
heat  through  the  mass  in  their  ascent,  as  in  the  case  of  liquids. 
Hence,  in  heating  an  apartment  by  hot  air,  the  hot  air  should 
always  be  introduced  at  the  floor  or  lowest  part.  The  advantage 
of  double  windows  for  warmth  depends,  in  a  great  measure,  on 
the  sheet  of  air  confined  between  them,  through  which  heat  is 
very  slowly  transmitted.  In  the  fur  of  animals  and  in  clothing, 
a  quantity  of  air  is  detained  among  the  loose  fibres,  which  mate- 
rially enhances  their  non-conducting  property.  In  dry  air,  the 
human  body  can  resist  a  temperature  of  250®  without  inconve- 
nience, provided  it  is  not  brought  ifito  contact  with  good  con- 
ductors at  the  same  time. 

Radiation  of  heat.     Heat  is  also  emitted  from  the  surface  of 
bodies  in  the  form  of  rays,  which  pass  through  a  Vacuum,  air. 
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md  oortsin  other  transparent  media,  with  the  Telocity  of  light. 
It  is  not  necessary  that  a  body  be  heated  to  a  visible  redness  to 
ensUe  it  to  discharge  beat  in  this  manner.  Rays  of  heat,  unao- 
oompanied  by  light,  continue  to  issue  from  a  hot  body  through 
the  whole  process  of  its  cooling,  till  it  sinks  to  the  actual  tern- 
pentfore  of  the  air  or  surrounding  medium.  The  circumstance 
that  bodies  suspended  in  a  perfect  vacuum  cool  rapidly  and  com* 
pletely,  without  the  intervention  of  conduction,  places  the  fact 
of  the  dissipation  of  heat  by  radiation,  at  low  temperatures, 
beyond  a  doubt. 

The  most  valuable  observations  which  we  possess  on  this 
snhject,  were  published  by  Sir  John  Leslie  in  his  Essay  on  Heat, 
in  1804.  Leslie  proved  that  the  rate  of  cooUng  of  a  hot  body 
is  more  influenced  by  the  state  of  its  surface  than  by  the  nature 
of  its  su6$tance.  He  filled  a  bright  tin  globe  with  hot  water, 
and  observed  its  rate  of  cooling  in  a  room  of  which  the  air  was 
undisturbed.  A  thermometer  placed  in  the  water  cooled  half 
way  to  the  temperature  of  the  apartment  in  156  minutes.  The 
experiment  was  repeated,  after  covering  the  globe  with  a  thin 
coating  of  lamp-black.  The  whole  now  cooled  to  the  same 
extent  as  in  the  first  experiment  in  8 1  minutes  ;  the  rapidity  of 
cooling  being  nearly  doubled,  merely  by  this  change  of  sur- 
&ce: 

An  experiment  of  Count  Rumford  is  even  more  singular. 
Water,  of  the  same  temperature,  was  allowed  to  cool  in  two 
similar  brass  cylinders,  one  of  which  was  covered  by  a  tight 
investiture  of  linen,  and  the  other  left  naked.  The  covered 
vessel  cooled  10®  in  36  J  minutes,  while  the  naked  vessel  re- 
quired 55  minutes ;  or  the  covering  of  linen,  like  the  coating  of 
lamp-black  greatly  expedited  the  cooling,  instead  of  retarding 
the  escape  of  heat,  as  might  have  been  expected.  The  cooling 
was  accelerated  in  the  same  manner,  when  the  cylinder  was 
coated  with  black  or  white  paint,  or  smoked  by  a  candle. 

In  determining  the  radiating  power  of  different  surfaces, 
Leslie  generally  made  use  of  square  tin  canisters,  of  which  the 
surfaces  were  variously  coated,  and  which  he  filled  with  hot 
water.  Instead  of  watching  the  rate  of  cooling,  as  in  the  expe- 
riments already  mentioned,  he  presented  the  side  of  a  canister, 
having  its  surface  in  any  particular  condition,  to  a  concave 
metaUic  mirror,  which  concentrated  the  heat  falling  upon  it 
into  a  focus,  where  the  bulb  of  an  cdr-thermometer  was  placed 
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to  receive  it,  as  represented  in  the  annexed  figure.  The  diflfe- 
rential  thermometer  answered  admirably  for  thb  purpose,  as 
from  its  con- 
struction it  is  un- 
affected by  the 
temperature  of 
the  room,  while 
the  slightest 
change  in  the 
temperature  of 
the  focal  spot  is 
immediately  in- 
dicated by  it. 

Two  metallic  mirrors  were  occasionally  used  in  conducting 
these  experiments.  The  mirrors  bemg  arranged  so  as  to  stand 
exactly  opposite 
to  each  other, 
with  their  prin- 
cipal axes  in  the 
same  hne ;  when 
a  lighted  lamp  or 
hot  canister  is 
placed  in  the  fo- 
cus of  one  mir- 
ror, the  incident  rays  are  reflected  by  that  mirror  against  the 
other,  and  collected  in  its  focus. 

The  following  table  exhibits  the  relative  radiating  power  of 
various  substances,  with  which  the  surface  of  the  canister  was 
coated,  as  indicated  by  the  effect  upon  the  differential  thermo- 
meter: 


Lamp  black 

.  100 

Tarnished  lead       •         .  45 

Water  by  estimate 

.  100  + 

Clean  lead     •         .         .19 

Writing-paper 

.     98 

Iron,  poUshed        .         .15 

Seahng-wax 

95 

Tin  plate,    gold,    silver, 

Crown  glass 

90 

copper        .         .        .12 

Plumbago 

.     75 

It  thus  appears  that  lamp  black  radiates  five  times  more  of  the 
heat  of  boiling  water  than  clean  lead,  and  eight  times  more  than 
bright  tin.  The  metals  have  the  lowest  radiating  power,  which 
arises  from  their  brightness  and  smoothness.  If  allowed  to 
tarnish^  their  radiating  power  is  greatly  increased.    Thus  the 
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n&tii^  power  of  lead  with  its  surface  tamiahed  is  45^  and  with 
its  sur&ce  bright,  only  19 ;  but  glass  and  porcelain  radiate  most 
powerfully  although  their  surface  is  smooth.  When  the  actual 
ndiating  surface  is  metallic,  it  is  not  alSected  in  a  sensible 
manner  by  the  substance  under  it.  Thus,  glass  covered  with 
gold  leaf  possesses  the  radiating  power  of  a  bright  metal. 

It  appears,  from  the  recent  experiments  of  Dr.  Bache,  that 
die  radiating  power  of  any  surface  is  not  affected  by  its  colour^ 
at  least  in  an  appreciable  degree.  Hence,  no  particular  colour 
of  dothes  can  be  recommended  for  superior  warmth  in  winter. 
But  the  absorbent  power  of  bodies  for  the  heat  of  the  sun  de- 
pends entirely  upon  their  colour.* 

The  faculty  which  different  surfaces  possess  of  absorbing  or  of 
reflecting  heat  radiated  against  them,  is  connected  with  their 
own  radiating  power.  Those  surfaces  which  radiate  heat  freely, 
sudh  as  lamp-black,  glass,  &c.,  also  absorb  a  large  proportion 
of  the  heat  falling  upon  them,  and  reflect  little  of  it;  while  sur- 
fiu^es  which  have  a  feeble  radiating  and  absorbing  &culty,  such 
as  the  bright  metals,  reflect  a  large  proportion,  as  they  absorb 
fittle,  and  form  the  most  powerful  reflectors.  So  that  the  good 
absorbents  are  found  at  the  top,  and  the  good  reflectors  at  the 
bottom  of  the  preceding  table.  The  efficiency  of  a  reflector 
depending  upon  its  low  absorbing  power,  reflectors  of  glass  are 
totally  useless  in  conducting  experiments  upon  radiant  heat. 
Metallic  reflectors  remain  cold,  although  they  collect  much  heat 
in  their  focL 

These  laws  of  the  radiation  of  heat  admit  of  some  practical 
applications.  If  we  wish  to  retard,  as  much  as  possible,  the 
cooling  of  a  hot  fluid  or  other  substance,  in  what  sort  of  vessel 
should  we  inclose  it  ?  In  a  metallic  vessel,  of  which  the  surface 
is  not  dull  and  sooty,  but  clean  and  highly  polished ;  for  it  lias 
been  observed  that  hot  water  cools  tmce  as  fast  in  a  tin  globe 
of  which  the  surface  is  covered  with  a  thin  coating  of  lamp- 
black, as  in  the  same  globe  when  the  surface  is  bright  and 
dean.  Hence,  the  advantage  of  bright  metallic  covers  at  table, 
and  the  superiority  of  metallic  tea-pots  over  those  of  porcelain 
and  stoneware. 

*  ^oarnal  of  the  Franklin  tnsUtate,  May  and  Norember  1835. 
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TRANSMISSION  OP  HEAT  THROUGH  MEDIA,  AND  THE  EFFECT  OF 

SCREENS. 

It  has  been  shewn  by  Dulong  and  Petit  that  hot  bodies  ra- 
diate equally  in  all  gases^  or  exactly  as  they  radiate  in  a 
vacuum.  Hot  bodies  certainly  cool  more  rapidly  in  some  gases 
than  in  others^  but  this  is  owing  to  the  mobility  and  conducting 
powers  of  the  gases  being  different. 

Light  of  eirery  colour,  and  from  every  source,  is  equally 
transmitted  by  all  transparent  bodies  in  the  liquid  or  solid  form, 
but  this  is  not  the  case  with  heat.  The  heat  of  the  sun  passes 
through  any  transparent  body  without  loss,  but  of  heat  from 
terrestrial  sources,  a  certain  variable  proportion  only  is  allowed 
to  pass,  which  increases  as  the  temperature  of  the -radiant  body 
is  elevated.  Thus,  it  was  observed  by  Delaroche  that,  from  a 
body  heated  to  182o,  only  l-40th  of  aH  the  heat  emitted  passed 
through  a  glass  screen:  from  a  body  at  346°,  l-i6th  of  the 
whole;  and  from  a  body  at  960°,  so  large  a  proportion  as  l-4th 
appeared  to  pass  throilgh  the  screen.  M.  Melloni  has,  within 
the  last  few  years,  greatly  extended  our  knowledge  respecting 
the  transmission  of  heat  through  media,  in  a  series  of  the  most 
profound  researches.*  In  his  experiments,  he  made  use  of  the 
thermo-electric  pile  to  detect  changes  of  temperature,  an  instru- 
ment which  in  his  hands  exhibited  a  sensibility  to  the  impres- 
sions of  heat  vastly  greater  than  that  of  the  most  delicate 
mercurial,  or  air  thermometer. 

His  instrument,  or  the  thermo-multiplier,  (see  the  annexed 
figure)  consists  of  an  arrangement  of  thirty  pairs  of  bismuth  and 


*  The  complete  series  of  Melloni*8  Memoirs  giren  in  Mr.  R.  Taylor^s  Scientific 
Memoirs,  Not.  1  and  3. 
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mtimony  bars  contained  in  a  brass  cylinder,  /,  and  having  the 
wires  fit>m  its  poles  connected  with  an  extremely  delicate 
magnetic  galvanometer,  n.  The  extremities  of  the  bars  at  b 
being  exposed  to  any  source  of  radiant  heat,  such  as  the  copper 
cylinder  d,  heated  by  the  lamp  l^  while  the  temperature  of  the 
other  extremities  of  the  bars  at  c  is  not  changed,  a  current  of 
electricity  passes  through  the  wires  from  the  poles  of  the  pile, 
and  causes  the  magnetic  needle  of  the  galvanometer  to  deflect. 
The  quantity  of  electricity  circulating  increases  in  proportion  to 
the  difference  of  the  temperatures  of  the  two  ends,  b  and  c,  that 
is  in  i»t>portion  to  the  quantity  of  heat  falling  upon  b  ;  and  the 
efiisct  of  this  current  of  electricity  upon  the  needle,  or  the 
deviaition  produced^  is  proportional  to  the  quantity  of  electricity 
drcuktin^  and  consequently  to  the  heat  itself, — at  least  Melloni 
finds  this  correspondence  to  be  exact  through  the  whole  arc, 
from  sero  to  20^,  when  the  needle  is  truly  astatic. 

Melloni  proved  that  heat,  which  has  passed  through  one  plate 
of  glass,  becomes  less  subject  to  absorption  in  passing  through 
a  second.  Thus,  of  1000  rays  of  heat  from  an  oil  flame,  151 
rays  being  intercepted  in  passing  through  four  plates  of  glass  of 
eq^  thiduiess — 

381  rays  were  intercepted  by  the  first  plate. 
43  „  „  by  the  second. 

18  „  „  by  the  third. 

9  „  „  by  the  fourth. 

451 

The  rays  appear  to  lose  considerably  when  they  enter  the 
first  layers  of  a  transparent  medium ;  but  that  portion  of  heat, 
which  has  forced  its  passage  through  the  first  layers,  may  pe- 
netrate to  a  great  depth.  Transparent  liquids  are  found  to  be 
less  penetrable  to  radiant  heat  than  solids. 

The  capacity  which  bodies  possess  of  transmitting  heat  does 
not  depend  upon  their  transparency ;  or  bodies  are  not  at  all 
transparent  to  heat  in  the  same  proportion  that  they  arc  trans- 
parent to  light.  Thus,  plates  of  the  following  transparent 
minerals,  having  a  common  thickness  of  0.1031  of  an  inch, 
allowed  very  different  proportions  of  the  heat  from  the  flame  of 
an  Argand  oil-lamp  to  pass  through  them. 
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Of  100  incident  rays,  there  were  transmitted  : — 

By  Rock-salt 92  rays- 

„  Mirror  glass 62  „ 

„  Rock-crystal C2  „ 

,,  Iceland  spar 62  ,, 

„  Rock-crystal,  smoky  and  brown         .57  j> 

„  Carbonate  of  lead      .         .         .         .  52  ,, 

„  Sulphate  of  barytes  .         .         .         .  33  „ 

„  Emerald 29  „ 

y.  Gypsum 20  ,, 

„  Fluor  spar 15  „ 

„  Citric  acid 15  „ 

„  Rochelle  salt     .        .         .         .        .  12  „ 

„  Alum 12  „ 

„  Sulphate  of  copper   .         .        .        .  0  „ 

A  piece  of  smoky  rock-crystal,  so  brown  that  the  traces  of  letters 
on  a  printed  page  covered  by  it,  could  not  be  seen,  and  which  was 
fifty-eight  times  thicker  than  a  transparent  plate  of  alum,  trans- 
mitted 19  rays,  while  the  alum  transmitted  only  6.  One  sub- 
stance which  is  perfectly  opaque,  a  kind  of  glass  used  for  the 
polarization  of  light,  was  found  by  Melloni  to  allow  a  conside- 
rable quantity  of  rays  of  heat  to  pass  through  it.  He  applies 
the  term  diathermanous  to  bodies  which  transmit  heat,  as  dia- 
phanous is  applied  to  bodies  which  transmit  light.  Of  all 
diaphanous  or  transparent  bodies,  water  is  in  the  least  degree 
diathermanous.  With  the  exception  of  the  opaque  glass  referred 
to  above,  all  diathermanous  bodies  belong  also  to  the  class  of 
diaphanous  bodies ;  for  those  kinds  of  metal,  wood  and  marble 
which  totally  obstruct  the  passage  of  light,  obstruct  that  of  heat 
also. 

The  proportion  of  heat  from  various  sources  which  radiates 
through  a  plate  of  glass,  l-50th  of  an  inch  in  thickness,  was 
observed  by  Melloni  to  be  as  follows: 

Of  100  rays  from  the  flame 

of  an  oil-lamp  there  were       .        54  transmitted,  46  absorbed* 
„        „       red  hot  platinum,     37  „  63        „ 

„        „       blackened  copper, 

heated  to  732«  F.       12  „  88        „ 

„        „       blackened  copper 

heated  to  2120   .  0         „  100        „ 
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Bat  the  power  of  transmission,  in  the  case  of  rock-salt,  is 
the  same  for  heat  from  all  these  sources,  or  for  heat  of  all 
intensities ;  92  per  ceut  of  the  incident  heat  being  transmitted 
by  that  body,  whether  it  be  the  heat  radiated  from  the  hand 
or  from  a  bright  Argand-lamp.  Rock-salt  stands  alone  in  tliia 
respect  among  diathermanous  bodies.  This  substance  may  \je 
cut  into  lenses  or  prisms,  and  be  used  in  concentrating;  heat 
of  the  very  lowest  intensity,  or  in  decomposing  it  by  double 
refraction,  in  the  same  manner  as  glass  is  employed  in  the  case 
of  the  light  of  the  sun«  Indeed,  rock-salt  has  become  quite 
invaluable  in  researches  upon  the  transmission  of  heat. 

It  thns  appears  that  a  body  at  different  temperatures  emits 
different  species  of  rays  of  heat,  which  may  be  sifted  or  separated 
from  each  other  by  passing  them  through  certain  transparent 
media.  They  are  all  emitted  simultaneously,  and  in  different 
proportions  by  flame;  but  in  heat  from  sources  of  lower 
intensity,  some  of  them  are  always  absent.  The  calorific  rays 
of  the  son  are  chiefly  of  the  kind  which  passes  through  glass; 
but  Melloni  shows  that  the  other  species  are  not  altogether 
wanting.  The  rays  of  heat  emitted  by  the  sun  and  other 
hmunous  bodies  are  quite  different  rays  from  the  rays  of  light 
with  which  they  are  accompanied. 

Q^  the  EquUUnium  of  Temperature.  When  several  bodies 
of  rarions  temperatures,  some  cold  and  some  hot  are  placed 
near  each  other,  their  temperatures  gradually  approximate, 
and,  after  a  certain  period  has  elapsed,  they  are  found  all  to  be 
of  one  and  the  same  temperature.  To  account  for  the  produc- 
tion and  continuation  of  this  equilibrium  of  temperature,  it  is 
necessary  to  assume,  that  all  bodies  are  at  aU  times  radiating 
heat  in  great  abundance  in  all  directions,  although  their 
temperature  does  not  exceed  or  even  falls  below  the  temperature 
of  the  atmosphere.  Hence,  there  is  an  incessant  interchange 
of  heat  between  neighbouring  bodies  ;  and  a  general  equalisation 
of  temperature  is  produced,  when  every  object  receives  as  much 
radiated  heat  as  it  emits. 

This  theory,  which  was  first  proposed  by  Prevoet  of  Geneva, 
enables  us  to  account  for  the  apparent  radiation  of  cold.  Cold, 
we  know,  is  a  negative  quality,  being  merely  the  absence  of  heat, 
and  cannot  therefore  be  radiated.  Yet,  when  we  place  a  lump 
of  ice  in  the  focus  of  a  reflecting  mirror,  a  thermometer  in 
the  focus  of  the   opposite    conjugate  mirror  is   chilled.    To 
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account  for  this  phenomenon  we  must  remember  that  the 
temperature  of  the  thermometer  is  stationary,  only  so  long  as 
it  receives  as  much  heat  as  it  radiates.  It  is  in  that  state 
before  the  experiment  is  made  with  the  ice ;  for  the  air  or  any 
object  which  may  happen  to  be  in  the  other  focus  is  of  the  same 
temperature  as  the  ball  of  the  thermometer.  But  it  is  evident 
that  the  moment  ice  is  introduced  into  one  focus,  less  heat  will 
be.  sent  from  that  to  the  other  focus,  than  was  previously  trans- 
mitted, and  than  is  necessary  to  sustain  the  thermometer  at 
a  constant  temperature.  The  thermometer  ball,  therefbrei 
giving  out  as  much  heat  as  formerly  and  receiving  less  in  return^ 
must  fall  in  temperature.  This  is  an  experiment  in  which  the 
thermometer  ball  is  in  fact,  the  hot  body. 

The  doctrine  of  the  radiation  of  heat  was  very  happily  applied 
to  account  for  the  deposition  of  Dew.  A  considerable  refrigera- 
tion of  the  surface  of  the  ground  below  the  temperature  of  the 
air  resting  upon  it,  amounting  to  10  or  20  degrees,  oocors 
every  calm  and  clear  night,  and  is  caused  by  the  radiation  of 
heat  from  the  earth  (which  is  a  good  radiator)  into  empty  space. 
Now  on  becoming  colder  than  the  air  above  it,  the  ground  wiU 
condense  the  moisture  of  the  air  m  contact  with  it,  and  be 
covered  with  dew.  For  the  air,  however  clear,  is  never 
destitute  of  watery  vapour,  and  the  quantity  of  vapour  which 
air  can  retain  depends  upon  its  temperature,  air  at  32^,  for  in- 
stance, being  capable  of  retaining  1-1 50th  of  its  volume  of  vapour 
while  at  52*  it  can  retain  so  much  as  l-86th  of  its  volume.  The 
greatest  difference  between  the  temperature  of  the  day  and  night 
in  this  country  takes  place  in  spring  and  autumn,  and  these  are 
the  seasons  in  which  the  most  abundant  dews  are  deposited. 

That  the  deposition  of  dew  depends  entirely  upon  radiation  is 
fully  established  by  the  following  circumstances ;  P.  It  is  on 
clear  and  calm  nights  only  that  dew  is  observed  to  fall.  When 
the  sky  is  overcast  with  clouds,  no  dew  falls ;  for  then  the  heat 
which  radiates  from  the  earth  is  returned  by  the  clouds  above, 
and  prevented  from  escaping  into  space ;  so  that  the  ground 
never  becomes  colder  than  the  air.  2o.  The  slightest  screen, 
such  as  a  thin  cambric  handkerchief,  stretched  between  pins,  at 
the  height  of  several  inches  above  the  ground,  is  sufficient  to 
protect  the  objects  below  it  from  this  chilling  effect  of  radiation, 
and  to  prevent  the  formation  of  dew  or  of  hoar-frx)st  upon 
them.  This  fact  was  well  known  to  gardeners,  and  they  had  long 
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miled  themselves  of  it  in  protecting  their  tender  plants  from 
fitKt,  before  the  laws  of  tfie  radiation  of  heat  came  to  be 
fgphiined,  3^.  Dr.  WeUs  proved  by  numerous  experiments 
ttat  die  quantity  of  dew  which  condenses  on  different  objects 
eiposed  in  the  same  drcomstances,  is  pro{)ortional  to  the 
ladiatii]^  power  of  those  substances.  Thus,  when  a  {xilished 
piste  of  metal  and  a  quantity  of  wool  are  exixised  together  in 
frvoaraUe  circamstances,  scarcely  a  trace  of  dew  is  to  \)c 
observed  on  the  metal,  while  a  large  quantity  condciiscH  in 
die  wfxA^  the  latter  substance  being  incomparably  the  Ix^st 
ladiator,  and  therefore  falling  to  a  much  lower  temperature 
than  the  metaL 

The  same  theory  has  been  applied  to  explain  a  process  for 
making  ice  followed  by  the  native  Indians  near  Calcutta.  In  tiiat 
dimate  the  temperature  of  the  air  rarely  falls  l>elow  •tO''  in  the 
coldest  nights ;  but  the  sky  is  clear,  and  a  powerful  radiation 
takes  place  firom  the  surface  of  the  ground.  Iloiicc,  water  con- 
tained in  shallow  pans  imbedded  in  straw,  is  often  sheeted  over 
with  ice  by  a  night's  exposure.  The  water  is  c*crtainly  ctMiled 
by  radiation  firom  its  surface,  and  not  by  evaporation ;  for  the 
process  sncceeds  best  when  the  pans  are  placed  in  shallow 
trenches  dug  in  the  ground,  an  arrangement  which  retards  eva- 
pontion  ;  and  no  ice  forms  in  ^^-indy  weather,  when  e\7iiH)ration 
is  greatest. 

The  morning  frosts  of  autumn  are  first  felt  in  sequcstiTod 
situations,  as  in  ravines  closed  on  all  sides,  or  along  the  low 
courses  of  rivers,  where  the  cooling  of  the  earth's  surface  by 
radiation  is  in  the  least  degree  checked  by  the  movement  of  tiie 
air  over  it*  Tliese  are  also  the  very  situations  ui)on  which  the 
son's  rays  produce  the  greatest  effect  in  summer. 

Reverting  again  to  the  subject  of  the  conduction  of  hc;it 
through  solid  bodies,  it  may  now  be  stated,  that  there  is 
every  reason  to  believe  that  heat  is  propagated,  even  in  that 
case,  in  a  manner  not  unUke  radiation.  Heat,  in  its  ])a.ss{ige 
through  a  bar  of  iron,  is  probably  radiated  from  particle  to  ])ar- 
tkde;  for  the  material  atoms,  of  which  the  bar  consists,  are  not 
supposed  to  be  in  absolute  contact,  although  held  near  eac^h 
other  by  a  strong  attraction,  lladiation,  as  observed  in  air  or  a 
vacuum,  may  thus  pass  into  conduction  in  the  case  of  solids, 
without  any  breach  of  continuity  in  the  natural  law  to  which 
heat  in  motion  is  sul)ject.  Baron  Fourier  proceeds  upcm  such 
an  faypotheifis  in  his  mathematical  investigation  of  the  law  of 
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cooling  by  conduction  in  solid  bodies,  and  obtains  expressiofns 
which  agree  with  his  experimental  results. 

We  are  now  in  a  condition  to  advert  with  advantage  to  the 
equilibrium  of  the  temperature  of  the  earth.    There  can  be  no 
doubt  of  the  existence,  in  this  globe  of  ours^  of  a  central  heat. 
At  a  depth  under  the  surface  of  the  earth,  not  in  general  ex- 
ceeding fifteen  yards,  the  thermometer  is  perfectly  stationary, 
not  being  affected  by  the  change  of  the  seasons  ;  but  at  greater 
depths,  the  temperature  progressively  rises.     M.  Cordier,  to 
whom  we  are  indebted  for  a  most  profound  investigation  of  thi^ 
interesting  subject,  considers  the  two  following  conclusions  to 
be  established  by  all  the  observations  on  temperature  which 
have  been  made  at  considerable  depths.      1st.  That  below  the 
stratum  where  the  annual  variations  of  the  solar  heat  cease  to 
be  sensible,  a  notable  increase  of  temperature  takes  place  as  we 
descend  into  the  interior  of  the  earth.     2ndly.  That  a  certain 
irregularity  must  be  admitted  in  the  distribution  of  the  subter- 
raneous heat,  which  occasions  the  progressive  increase  of  tem- 
perature to  vary  at  different  places.     Fifteen  yards  has  been 
provisionally  assumed  as  the  average  depth  which  corresponds  to 
an  increase  of  one  degree  Fahrenheit.    This  is  about  116  d^;rees 
for  each  mile.     Admitting  this  rate  of  increase,  we  have  at  a 
depth  of  30i  miles  below  the  surface,  a  temperature  of  3500% 
which  would  melt  cast  iron,  and  which  is  amply  sufficient  to 
melt  the  lavas,  basalts,  and  other  rocks,  which  have  actually  been 
erupted  from  below  in  a  fluid  state.      But  this  central  heat  has 
long  ceased  to  affect  the  surface  of  the  earth.     Fourier  demon- 
strates, from  the  laws  of  conduction,  that  altiiough  the  crust  of 
the  globe  were  of  cast  iron,  heat  would  require  myriads  of  years 
to  be  transmitted  to  the  surface,  from  a  depth  of  150  miles. 
But  the  crust  of  the  globe  is  actually  composed  of  materials 
greatly  inferior  to  cast  iron  in  conducting  power.    The  tempe- 
rature of  the  surface  of  the  globe  now  depends  upon  the  amount 
of  heat  which  it  receives  from  the  sun,  compared  with  the  heat 
radiated  away  from  its  surface  into  free  space.     There  is  reason 
to  believe  that  no  material  change  has  occurred  in  the  quantity 
of  heat  received  from  the  sun  during  the  historical  epoch.    The 
radiation  from  the  surface  of  the  eartii  has  its  limit  in  the  tem- 
perature of  the  planetary  space  in  which  it  moves,  which  Fourier 
deduces,  from  calculation  to  be  — 58%  and  which  Schwanbei^, 
from  a  calculation  on  totally  different  principles,  estimates  at 
— 58**.6,  a    very  close    coincidence.     This    low    temperature 
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ippan  to  be  attuned  in  the  long  absence  of  the  sun  during  a 
pdar  winter,  as  Captain  Parry  found  tlie  thermometer  to  fidl  as 
km  as  — ^55®  at  Melville  Island,  and  Ross  more  lately  observed 
a  temperatare  so  low  as  — -G0». 

FLUIDITY  AS  AN  EFFECT  OF  HEAT. 

We  have  already  adverted  to  one  of  the  general  eflfects  of 
beat  upon  bodies,  namely,  its  power  of  causing  them  to  ex{)and 
whicfa  demanded  our  eariiest  attention,  as  it  involves  the  princi- 
ple of  the  thermometer.  But  heat,  besides  effecting  changes  in 
die  bulk,  is  capable  of  effecting  changes  in  the  state  of  bodies. 
Matter  is  presented  to  us  in  three  very  dissimilar  states  or 
forms,  namely,  in  the  solid,  liquid,  and  gaseous  forms.  It  is 
befieved  that  no  body  is  restricted  to  any  one  of  these  forms, 
but  that  the  state  of  bodies  depends  entirely  upon  tlie  tempe- 
nture  in  which  they  are  placed.  In  the  lowest  temperatures, 
they  are  all  solid,  in  higher  temperatures  they  are  converted 
bto  liquids,  and  in  the  highest  of  all  they  become  elastic  gases. 
The  particular  temperatures  at  which  l>odies  undergo  tliese 
dianges  are  exceedingly  various,  but  they  are  always  constant 
for  the  same  body.  The  first  effect  then  of  heat  on  the  state  of 
bodies  is  the  conversion  of  solids  into  liquids ;  or  heat  is  the 
cause  of  fluidity. 

Some  substances,  in  liquefying,  pass  through  an  intermediate 
condition,  in  which  it  is  difficult  to  say  whether  they  are  liquids 
or  solids.  Thus  tallow,  wax,  and  several  other  bodies,  {)ass 
through  every  possible  degree  of  softness  before  they  attain 
complete  fluidity.  Such  bodies,  however,  are  in  general  mix- 
tures of  two  or  more  substances,  which  crystallize  ini{)erfectly. 
But  ice,  and  the  great  majority  of  bodies,  pass  immediately  from 
the  solid  into  the  liquid  state.  The  temperatures  at  whicli 
bodies  undeigo  this  change  are  exceedingly  various: 
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melts  at 
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Olive  oil 

melts  at 
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Bismoth 

99 

47^5 

Ice 

» 

32 

Tin 
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Milk 

99 

30 

Solphor 

>> 

232 

Wines 

99 

20 

Wax 

>» 

142 

Oil  of  turpentine  „ 

14 

Spermaceti 

>> 

112 

Mercury 

99 

—:VJ 

Phosphorus 

99 
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Liquid  ammonia  „ 
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Tallow 

» 

02 

Ether 

»> 

— id 

Oil  of  Anise 

9» 

50 
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If  the  bodies  are  in  the  fluid  form,  they  freeze  upon 
cooled  below  the  temperatures  set  against  them. 

It  may  be  added,  in  reference  to  this  table,  first,  tiiat  in  cer« 
tain  circumstances,  liquids  can  be  cooled  down  sevend  degrees 
below  their  usual  freezing  point  before  they  begin  to  oongedL 
Thus  we  may  succeed,  by  taking  certain  precautions,  in  cocding 
a  small  quantity  of  water,  in  a  glass  tube,  so  low  as  the  tempe- 
rature 8%  or  even  as  5%  without  its  freezing ;  that  is,  24  or  27 
degrees  under  its  proper  freezing  point  32®.  The  vrater  mnit 
be  cooled  without  the  slightest  agitation,  and  no  sand  or  angnlar 
body  be  in  contact  with  it ;  for  the  instant  any  solid  body  ift 
dropped  into  water  cooled  below  its  freezing  point,  or  a  tremor 
is  communicated  to  it,  congelation  commences,  and  the  tempera- 
ture of  the  liquid  starts  up  to  32^.  But,  on  the  other  hand, 
we  cannot  heat  a  solid  the  smallest  firaction  of  a  degree  above 
its  proper  melting  point,  without  occasioning  liquefaction. 
Hence  it  is  not  the  freezing  of  water,  but  the  melting  of  ioe^ 
which  takes  place  with  rigorous  constancy  at  32®  Fahrenheit. 

All  salts  dissolved  in  water  have  the  effect  of  lowering  the 
freezing  temperature  of  that  liquid.  Common  culinary  salt 
appears  to  depress  this  point  lower  than  any  other  saline  body  ; 
and  the  effect  appears  to  be  very  closely  proportional  to  the 
quantity  of  salt  in  solution.  A  solution  of  1  part  of  salt  in  4 
of  water  freezes  at  4®,  and  sea  water,  which  contains  l-30th  of 
its  weight  of  salt,  freezes  at  28''. 

But  the  principal  fact  to  be  adverted  to  in  liquefaction,  is  the 
disappearance  of  a  large  quantity  of  heat  during  the  change* 
Heat  pours  into  a  body  during  its  melting,  \^ithout  raising  its 
temperature  in  the  most  minute  degree.  This  heat,  which 
enters  the  body  and  becomes  insensible  or  latent,  merely 
serves  to  melt  the  body.  We  are  indebted  to  Dr.  Black  for  this 
observation,  which  involves  consequences  of  greater  importance 
than  any  other  announcement  in  the  theory  of  heat. 

Before  Dr.  Black's  views  were  made  known,  fluidity  was  uni- 
versally considered  as  produced  by  a  very  small  addition  to  the 
quantity  of  heat  which  a  body  contains,  when  it  is  once  heated 
up  to  its  melting  point ;  that  a  solid  body,  when  it  is  changed 
into  a  fluid,  receives  no  greater  addition  to  the  heat  within  it 
than  is  indicated  and  measured  by  the  elevation  of  the  mercury 
in  the  thermometer.  But  Dr.  Black  objected  to  this  opinion, 
as  inconsistent  with  many  remarkable  facts,  when  considered 
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pnperiy.  If  we  attend,  for  iiutanoe^  to  the  manner  in  which 
ioe  and  snow  melt,  when  exposed  to  the  air  of  a  warm  room, 
we  ean  peroave,  that  however  cold  they  may  be  at  first,  they 
are  soon  heated  up  to  their  melting  point,  and  begin  at  their 
SBE&ee  to  be  dianged  into  water.  Now  if  the  complete  change 
of  diese  bodies  into  water  required  only  the  farther  addition  of 
a  Tery  small  quantity  of  heat,  a  mass  of  them,  though  of  consi- 
deraUe  nse,  ought  all  to  be  melted  in  a  few  minutes  or  se^ 
cofnds  more,  the  heat  continuing  to  be  communicated  from  the 
air  around.  But  masses  of  ioe  and  snow  are  well  known  to  melt 
with  extreme  slowness,  especially  if  they  be  of  a  large  size,  as 
are  Uiose  collections  of  ice  and  wreaths  of  snow,  that  are  formed 
in  some  places  during  winter.  These,  after  they  liegin  to  melt, 
often  require  many  weeks  of  warm  weather,  before  they  are 
totally  diasolred  into  water.  The  slow  manner  in  which  ice 
mdts  in  ice  houses  is  also  familiarly  known  to  all. 

By  eiamining  what  happens  in  these  cases,  it  may  easily  be 
perceived  that  a  very  great  quantity  of  heat  must  enter  the 
melting  ice,  to  form  the  water  into  which  it  is  changed,  and  that 
the  length  of  time  necessary  for  the  collection  of  so  much  heat 
firom  surrounding  bodies,  is  the  reason  of  the  slowness  with 
which  the  ice  is  liquefied.  When  melting  ice  is  suspended  in 
warm  air,  the  entrance  of  heat  into  it  is  made  sensible  by  a 
stream  of  cold  air  descending  constantly  from  the  ice,  which  may 
be  perceived  by  the  hand.  It  is,  therefore,  evident  that  tlic 
melting  ice  receives  heat  very  fast,  but  the  only  effect  of  tliis 
heat  is  to  change  it  into  water,  which  is  not  in  the  least  sensibly 
warmer  than  the  ice  was  l>efore.  A  thernionieter  applied  to  the 
drops  or  small  streams  of  water  as  they  come  immediately  fnini 
the  melting  ice,  will  point  to  the  same  degree  as  when  applied 
to  the  ice  itself.  A  great  quantity  of  the  heat,  therefore,  which 
enters  into  the  melting  ice,  has  no  other  effect  tlian  that  of 
giving  it  fluidity.  The  heat  appears  to  be  absorbed  or  concealed 
within  the  water,  and  cannot  be  detected  by  the  thermometer. 

When  ice  is  melted  by  means  of  warm  water,  this  absorption 
of  heat  is  made  exceedingly  obvious.  Thus  on  mixing  a  pound 
of  water  at  172^  with  a  pound  of  snow  at  32^,  the  snow  is  all 
melted,  and  the  mixture  is  two  pounds  of  water  of  tlie  tempera- 
ture of  32^.  In  being  cooled  down  from  172«  to  32%  the  hot 
water  loses  140  degrees  of  heat,  which  convert  the  snow  into 
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water,  indeed^  but  produce  no  rise  of  temperature  in  the  mix* 
ture  above  the  32  degrees  originally  possessed  by  the  snow. 

Dr.  Black  proved  that  the  heat  which  disappears  in  this  man* 
ner  is  not  extinguished  or  destroyed,  but  remains  latent  in  the 
water  so  long  as  it  is  fluid,  and  is  extricated  again  when  it  freeaes. 

In  water  that  has  been  cooled  below  its  usual  freezing  point, 
when  the  congelation  is  once  determined,  quantities  of  icy  spi- 
cules are  produced  in  proportion  to  the  depression  of  tempe- 
rature, whilst  at  the  same  instant  the  temperature  of  ice  and 
water  starts  up  to  82^.  The  heat  which  thus  appears  was  pre- 
viously latent  in  that  portion  of  the  water  which  is  frozen.  The 
same  disengagement  of  latent  heat  may  be  convenientiy  illus- 
trated by  means  of  a  supersaturated  solution  of  sulphate  of  soda, 
formed  by  dissolving,  at  a  high  temperature,  three  pounds  of  the 
salt  in  two  pounds  of  water.  When  this  liquid  is  allowed  to 
cool  undisturbed  and  with  a  few  drops  of  oil  on  its  surface,  it 
remains  fluid,  altiiough  containing  a  much  greater  quantity  of 
salt  in  solution  than  the  water  could  dissolve  at  the  temperature 
to  which  it  has  fallen.  But  the  suspended  congelation  o£  the 
salt  being  determined  by  the  introducion  of  any  solid  substance 
into  the  solution,  the  temperature  then  often  rises  30  and  even 
40  degrees,  while  crystals  of  sulphate  of  soda  shoot  rapidly 
through  the  liquid. 

Wax,  tallow,  sulphur  and  all  other  solid  bodies  are  melted 
in  the  same  manner  as  water,  by  the  assumption  of  a  certain 
dose  of  heat.  The  latent  heat  which  the  following  substances 
possess  in  the  fluid  form  was,  with  the  exception  of  water,  de- 
termined by  Dr.  Irvine- 
Latent  heat 
140  degrees 


Sulphur   . 

.                   X'±V/ 

145 

Lead 

162 

Bees'  wax 

175 

Zinc 

493 

Tin  . 

500 

Bismuth  . 

550 

Even  in  the  solid  form  certain  bodies  admit  of  a  variation  in 
their  structure  and  properties  from  the  assumption  or  loss  of 
latent  heat.  Dr.  Black  made  it  appear  probable  that  metals 
owe  their  malleability  and  ductility  to  a  quantity  of  latent  heat 
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ciwhincd  with  Aem.  When  hammered  they  become  hot  from 
tfe  (fiaengagement  of  this  heat,  and  at  the  same  time  become 
bnttie.  Their  malleability  is  restored  by  heating  them  again  in 
a  jfamaoe.  Sugar,  it  is  well  known,  may  exist  as  a  transparent 
sod  cokmrlew  body,  with  the  physical  properties  of  glass,  or  as 
a  white  and  opaque,  becaose  a  granular  or  crystalline  mass. 
He  tnmaitioD  from  the  glassy  to  the  granuhur  state  is  attended 
by  a  very  remarkable  evolution  of  heat,  which  appears  to  hare 
escqied  the  notice  of  scientific  men.  If  melted  sugar  be  allowed 
to  cool  to  about  lOO^,  and  then,  while  it  is  still  soft  and  viscid, 
be  rapidly  and  frequently  extended  and  doubled  up,  till  at  last 
it  consists  of  threads,  the  temperature  of  the  mass  quickly  rises 
so  as  to  become  insupportable  to  the  hand.  Applying  tlie 
thermometer,  I  found  the  temperature  of  a  considerable  mass 
to  rise  fiom  105°  to  175^  in  less  than  two  minutes.  After  this 
liberation  of  heat,  the  sugar  on  again  cooling  b  no  longer  a  glass, 
bat  consists  of  minute  grains,  and  has  a  pearly  lustre.  The 
same  change  may  occur  in  a  gradual  manner,  as  when  a  dear 
stick  of  bariey-sugar  becomes  white  and  opaque  in  the  atmo- 
^ere  ;  but  then  we  have  no  means  of  observing  the  escape  of 
the  latent  heat  on  which  the  change  depends.  It  may  be  in- 
ferred that  glass  itself,  like  transparent  iMtrley-sugar,  owes  its 
peculiar  constitution  and  properties  to  the  permanent  retention 
of  a  certain  quantity  of  latent  heat.  Of  tliis  heat  glass  can  be 
deprived,  by  keeping  it  long  in  a  soft  state ;  it  then  ])ecomes 
granular,  and  passing  into  the  condition  of  Reaumur's  porcelain, 
loses  all  the  characters  of  glass. 

It  is  not  unlikely  that  tlie  dimorphism  of  a  body,  or  its  pro- 
perty to  assume  two  different  crjstallinc  forms,  may  likewise 
depend  upon  the  retention  of  a  certain  quantity  of  latent  heat 
by  the  body  in  the  one  form  and  not  in  the  other.  Thus  sulphur 
assumes  two  forms,  one  on  cooling  from  a  state  of  fusion  by 
heat,  another  in  crystallizing  at  a  lower  temperature,  and  pro- 
bably with  the  retention  of  less  latent  heat,  from  a  solution  of 
sulphuret  of  carbon ;  in  charcoal  and  plumbago,  again,  we  have 
carbon  which  has  assumed  the  solid  form  at  a  high  temperature, 
and  possibly  with  the  fixation  of  a  quantity  of  latent  heat  which 
does  not  exist  in  the  diamond,  another  form  of  the  same  body. 

When  a  solid  body  is  melted  by  the  intervention  of  some 
affinity,  without  heat  being  applied  to  it,  cold  is  generally  pro- 
duced.    Thus  most  salts  occasion  a  reduction  of  temperature. 
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in  the  act  of  dissolving  in  water,  which  requires  them  to  become 
fluid.  Nitre,  for  instance,  cools  the  water  in  which  it  is  dis- 
solved 15  or  ]  8  degrees.  A  mixture  of  five  parts  of  sal  ammo- 
niac and  five  of  nitre,  both  finely  powdered,  dissolved  in  nine- 
teen parts  of  water,  may  reduce  its  temperature  firom  6(y*  to  lO*, 
or  considerably  below  the  freezing  point  of  pure  water.  These 
salts  are  necessitated,  by  their  affinity  for  water,  to  dissolve  when 
mixed  with  it  and  to  become  fluid,  a  change  which  implies  the 
assumption  of  latent  heat.  Most  of  our  artificial  processes  for 
producing  cold  are  founded  upon  this  disappearance  of  heat 
during  liquefaction.  A  very  convenient  process  for  freezing  a 
little  water,  without  the  use  of  ice,  is  to  drench  finely  powdered 
sulphate  of  soda  with  the  undiluted  hydrochloric  add  of  the 
shops.  The  salt  dissolves  to  a  greater  extent  in  this  add  than 
in  water,  and  the  temperature  may  sink  from  SO®  to  (K>.  The 
vessel  in  which  the  mixture  is  made  becomes  covered  with  hoar 
frost,  and  water  in  a  tube  immersed  in  the  mixture  is  speedily 
frozen. 

The  same  affinity  between  salts  and  water  may  be  taken  ad- 
vantage of  to  cause  the  liquefaction  of  ice,  as  when  common  salt 
is  strewed  upon  pavements  covered  with  ice,  to  melt  it.  On 
mixing  snow  with  a  third  of  its  weight  of  salt,  the  snow  is 
melted,  and  the  temperature  sinks  nearly  to  0°.  It  was  in  this 
way  that  Fahrenheit  is  supposed  to  have  obtained  the  zero  of 
his  scale.  Ices  for  the  table  are  always  made  in  summer  by 
mixing  roughly  pounded  ice  and  salt  together,  and  immersing 
the  cream,  or  other  liquid  to  be  frozen,  contained  in  a  thin 
metallic  pan,  in  the  cold  brine  which  is  produced  by  the  melting 
of  the  ice. 

The  liquefaction  of  snow  by  means  of  the  salt,  chloride  of 
calcium,  occasions  a  still  greater  degree  of  cold.  To  prepare 
this  salt,  marble  or  chalk  is  dissolved  in  hydrochloric  acid,  and 
the  solution  evaporated  by  a  temperature  not  exceeding  300o. 
It  should  be  stirred,  as  it  becomes  dry  at  this  temperature;  and 
is  obtained  in  a  crystalline  powder,  being  the  combination  of 
chloride  of  calcium  with  two  atoms  of  water.  When  three  parts 
of  this  salt  are  mixed  with  two  of  dry  snow,  the  temperature  is 
reduced  from  32°  to  — 50°.  In  attempting  to  freeze  mercury 
by  means  of  this  mixture,  it  is  advisable  to  make  use  of  not 
less  than  three  or  four  pounds  of  the  materials.  When  the 
materials  are  divided,  and  the  mercury  is  first  cooled  consider- 
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aUrby  one  portion,  it  rarely  foils  in  being  firosen  when  tnuis- 
faned  into  another  portion  of  the  mixture.  For  producing  still 
more  intense  degrees  of  cold,  the  evaporation  of  highly  volatile 
fiquidsy  of  fluid  carbonic  add,  for  instance,  affords  tlic  most 
efScient  inftim*- 

VAPORIZATION. 

We  have  now  to  consider  the  second  general  effect  of  heat : 
vaporization,  or  the  conversion  of  solids  and  liquids  into  vapour. 
Vapours,  of  which  steam  is  the  most  familiar  to  us,  are  light, 
expansible,  and  generally  invisible  gases,  resembling  air  com- 
pletdy  in  their  mechanical  properties,  while  they  exist,  but 
sab}ect  to  be  condensed  into  hquids  or  soUds  by  cold.  Water 
undergoes  a  great  expansion  when  converted  into  steam,  a  cubic 
inch  of  water  becoming,  in  ordinary  circumstances,  a  cubic  foot 
of  steam;  or  more  strictly,  one  cubic  inch  of  water,  when  con* 
verted  into  steam^  expands  into  1(>94  cubic  inches. 

This  change,  like  fluidity,  is  produced  by  the  addition  of  heat 
to  the  body  which  undergoes  it.  But  a  much  larger  quantity 
of  beat  enters  into  vapours  than  into  Uquids,  into  steam  than 
into  water.  If  over  a  steady  fire  a  certain  quantity  of  ice-cold 
water  requires  one  hour  to  bring  it  to  the  boiUng  point,  it  will 
require  a  continuance  of  the  same  heat  for  five  hours  more  to 
boil  it  off  entirely.  Yet  Uquids  do  not  become  hotter  after  they 
begin  to  boil,  however  long,  or  with  whatever  violence,  the  l>oil- 
ing  is  continued  :  for  if  a  thermometer  be  plunged  into  water, 
and  the  point  marked  where  it  stands  at  tlie  beginning  of  the 
boiUng,  it  will  be  found  to  rise  no  higher,  although  the  boiling 
be  continued  for  a  long  time. 

This  £ict  is  of  importance  in  domestic  economy,  particularly 
in  cookery ;  and  attention  to  it  would  save  much  fuel.  Soup,  &c. 
made  to  boil  in  a  gentie  way,  by  the  application  of  a  moderate 
heat,  are  just  as  hot  as  when  they  are  made  to  boil  on  a  strong 
fire  with  die  greatest  violence ;  when  water  in  a  boiler  is  once 
brought  to  the  boiUng  point,  the  fire  may  be  reduced,  as  ha\ing 
no  fiuther  effect  in  raising  its  temperature,  and  a  moderate  heat 
being  sufficient  to  preserve  it. 

The  steam  firom  boiling  water,  when  examined  by  the 
thermometer,  is  found  to  be  no  hotter  tlian  the  water  itself. 
What  then  becomes  of  aU  the  heat  which  is  communicated  to 
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the  water^  since  it  is  neither  indicated  in  the  steam  nor  in  the 
water  ?  It  enters  into  the  water^  and  converts  it  into  steam, 
without  raising  its  temperature.  As  much  heat  disappears  as  is 
capable  of  raising  the  temperature  of  the  portion  of  water  con- 
verted into  steam  1000  degrees,  or  what  is  the  same  thing,  as 
would  raise  the  temperature  of  one  thousand  times  as  much 
water  by  one  degree.  This  is  now  generally  assumed  to  be  the 
amount  of  the  latent  heat  of  steam.  Dr.  Black  found  it  to  be 
about  9(>0  degrees,  Mr.  Watt  940  degrees,  and  Lavoisier  rather 
more  than  1000  degrees. 

Several  circumstances  may  be  remarked  during  the  occur- 
rence of  this  change  in  water.  On  heating  water  gradually  in  a 
vessel  we  first  observe  minute  bubbles  to  form  in  the  liquid 
and  rise  through  it,  which  consist  of  air.  As  the  temperature 
increases,  larger  bubbles  are  formed  at  the  bottom  of  the  vessel, 
which  rise  a  little  way  in  the  liquid,  and  then  contract  and 
disappear,  producing  a  hissing  or  simmering  sound.  But,  as  the 
heating  goes  on,  these  bubbles,  which  are  steam,  rise  higher  and 
higher  in  the  liquid,  till  at  last  they  reach  its  surface  and  escape, 
producing  a  bubbling  agitation,  or  the  phenomenon  of  ebuUUum, 
The  whole  process  of  boiling  is  beautifully  seen  in  a  glass  vessd. 
It  will  be  remarked  tliat  steam  itself  is  invisible ;  it  only  appears 
when  condensed  again  into  minute  drops  of  water  by  mixing 
with  the  cold  air. 

It  was  first  observed  by  6uy-Lussac,  that  liquids  are  con- 
verted more  easily  into  vapour  when  in  contact  with  angular 
and  uneven  surfaces,  than  when  the  surfiices  which  they  touch 
arc  smooth  and  polished.  He  also  remarked  that  water  boils 
at  a  temperature  two  degrees  higher  in  glass  than  in  metal ; 
so  that  if  into  water,  in  a  glass  flask,  which  has  ceased  to  boil, 
we  drop  a  twisted  piece  of  cold  iron  wire,  the  boiling  is  re- 
sumed :  it  is  only  in  vessels  of  metal  that  the  boiling  point  is 
regular,  and  should  be  taken  in  graduating  thermometers.  It 
has  lately  been  remarked  by  Mr.  Scrymgeour,  of  Glasgow,  that 
if  oil  be  present  with  water,  the  boiling  point  of  the  water  is 
raised  a  few  degrees,  in  any  kind  of  vessel.  Tlie  reason  why 
water,  in  these  circumstances,  does  not  pass  into  vapour  at  its 
usual  boiling  point,  is  not  distinctly  understood.  The  water 
appears  to  be  in  a  precarious  state  of  equilibrium,  as  in  the 
other  analogous  case,  when  cooled  with  caution  in  a  smooth 
glass  vessel  considerably  under  its  usual  freezing  point     The 


VAPORIZATION.  4/ 

Bliodaction  of  an  angular  body  into  the  irater  is  soflicient, 
in  cither  instance,  to  induce  the  suspended  change.  The  nme 
iiregular  deviation  of  the  boiling  point  in  glass  vessels,  taken 
place  in  other  liquids  as  well  as  water,  and  in  some  of  them 
to  a  much  greater  extent. 

There  is  a  curious  circumstance  in  regard  to  bmling,  which  is 
a  matt^*  of  common  observation  in  some  shape  or  other.  When 
a  htde  water  (a  few  drops)  is  thrown  into  a  metallic  cup,  hotter 
than  the  boiling  point  of  water,  the  hotter  the  cup  is,  the 
less  rapidly  does  the  water  boil  away.  We  should  expect  the 
reverse,  or  that  the  hotter  the  metallic  cup,  the  more  quickly 
would  the  water  be  dissipated.  The  cause  of  the  phenomenon 
^ypears  to  be  this.  Water  exhibits  an  attraction  for  the  sur- 
£ioe  of  almost  all  solids  at  low  temperatures,  and  wets  them. 
Fluid  mercury  exhibits  the  opposite  property,  or  a  repulsion  for 
most  surfaces.  This  attraction  of  water  for  surfeccs  brings  it 
into  the  closest  contact  with  them,  and  greatly  promotes  the 
communication  of  heat  by  a  heated  vessel  to  the  water  con- 
tained in  it.  But  heat  appears  to  develope  a  repulsive  power 
in  bodies,  and  it  is  probable  that  above  a  particular  temperature 
die  heated  metal  no  longer  possesses  this  attraction  for  water. 
The  water,  not  being  attracted  to  the  surface  of  the  hot  metal, 
and  induced  to  spread  over  it,  is  not  rapidly  heated,  and  there- 
fore boils  off  slowly.  A  rude  method  of  judging  of  the  degree 
of  heat  is  founded  on  the  same  principle,  and  is  seen  fa- 
miliarly exemplified  in  the  laundry.  The  heat  of  the  smooth  ini^ 
iron  is  judged  of  by  its  effects  upon  a  drop  of  saliva  let  fall 
upon  it.  If  the  drop  do  not  boil,  but  run  along  the  surface  of 
the  metal,  the  iron  is  considered  sufficiently  hot ;  but  if  the 
drop  adheres  and  is  rapidly  dissipated,  the  temperature  is  con- 
sidered low. 

The  temperature  at  which  any  liquid  boils  is  not  fixed  (like 
the  melting  point  of  soUds),  but  depends  entirely  upon  a  parti- 
cular circumstance, — ^the  degree  of  pressure  to  which  the  liquid 
is  at  the  time  subject.  Liquids  are  in  general  subject  to  the 
pressure  of  the  atmosphere  ;  for  although  the  air  is  an  exceed- 
ingly Ught  substance,  being  815  times  lighter  than  water,  yet 
by  reason  of  its  great  quantity  and  height,  it  comes  to  weigh 
with  considerable  force  upon  the  earth.  This  is  called  the 
atmospheric  pressure,  and  amounts  to  no  less  than  fifteen 
pounds  upon  each  square  inch  of  surface.      The  force  with 
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which  ur  presses  upon  a  man  of  ordinary  size  has  been 
estimated  at  fifty  tons ;  yet,  from  all  the  cavities  of  the  animal 
frame  being  filled  with  equally  elastic  air,  we  support  this  great 
pressure  without  being  sensible  of  it ;  indeed,  we  should  suflhr 
the  greatest  inconvenience  from  its  sudden  removal.  Now  titid 
pressure  of  the  atmosphere  is  not  always  the  same  at  the  same 
place,  but  is  found  by  the  barometer  to  vary  wiihin  the  limits  of 
one  tenth  of  the  whole  pressure.  This  difference  affects  tlie 
boiling  point  to  the  extent  of  4§  degrees.  Thus,  when  die 
height  of  the  mercury  in  the  barometer  is  expressed  by  the 
numbers  in  the  first  column,  water  boils  at  the  temperatorai 
placed  against  them  in  the  second  column. 

Barometer  in  inches  of  mercury  water  boils 

27.74      ....  208O 


28.29 

28.84 

29.41 

29.8 

30.6 


209 
210 
211 
212 
213; 


It  appears,  from  this  table,  that  for  every  inch  of  variation  in 
the  barometer,  the  boiling  point  of  water  varies  1 .  7^  degree. 
And  consequently  a  rise  or  fall  in  the  barometer  of  0.  1  inch^ 
raises  or  lowers  the  boiling  point  0.  176  degree.  On  this  account 
the  pressure  of  the  atmosphere  must  be  attended  to  in  fixing 
the  boiling  point  of  water  on  thermometers.  Water  boils  at 
2120,  only  when  the  pressure  of  the  atmosphere  b  equivalent 
to  a  column  of  29. 8  inches  mercury. 

The  pressure  of  the  atmosphere  will  be  greatest  at  the  level 
of  the  sea,  and  will  diminish  as  we  ascend  to  any  height  above 
it,  for  then  we  have  less  of  the  atmosphere  above  and  pressing 
upon  us,  part  of  it  being  below  us.  Hence,  water  boils  on  the 
tops  of  momitains  at  a  considerably  lower  temperature  than  at 
their  bases.  On  the  top  of  Mount  Blanc,  which  is  the  pinnacle 
of  Europe^  water  was  observed  by  Saussure  to  boil  at  184o. 
In  deep  pits,  on  the  other  hand,  water  requires  a  higher 
temperature  to  boil  it,  than  at  the  surface  of  the  earth.  An 
instrument  has  been  constructed  for  ascertaining  the  heights  of 
mountains  on  this  principle.  It  consists  essentially  of  a  ther- 
mometer, graduated  with  great  care  about  the  boiling  pouit  of 
water,  by  means  of  which  the  temperature  at  which  water  boils 
at  different  altitudes  can  be  ascertained  with  minute  accuracy. 
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A  ififference  of  one  degree  of  temperature  u  occasioned  by  an 
moeat  of  530  feet. 

When  the  pressure  on  liquids  is  removed  by  artificial  means, 
diey  boil  at  greatly  reduced  temperatures.  Tliis  may  be  done  by 
pbcing  them  under  the  receiver  of  an  air-pump,  and  exhausting. 
When  the  whole  air  is  withdrawn,  liquids  in  general  boil  about  1 45 
degrees  under  the  temperature  which  they  require  to  make  them 
boil  when  subject  to  the  atmospheric  pressure.  In  a  f^ood  vacuum 
water  will  boil  at  67*".  This  fact  is  also  illustrated  by  a  simple 
experiment,  which  any  one  may  perform.  A  flask  containing 
boiling  water,  is  closed  with  a  cork  while  the  upper  part  is 
filled  with  steam.  The  )>uiling  in  the  flask  may  be  renewed 
by  plunging  it  into  cold  water ;  and  the  colder  tlie  water  the 
brisker  will  the  ebullition  l>ecome.  But  the  boiling  is  instantly 
checked  by  removing  the  flask  from  the  cold  water  and  immers- 
ing it  in  very  hot  i^-ater.  On  corking  the  flask,  the  ebullition 
ceased  from  the  pressure  exerted  by  the  confined  steam  upon  the 
surface  of  the  hot  water ;  but  on  plunging  the  flask  into  cold 
water,  this  steam  was  condensed,  and  the  water  l>ogan  to  boil 
under  the  reduced  pressure.  On  removing  the  flask  to  the 
hot  water,  the  steam  atK>ve  ceased  to  be  condensed,  and  by 
its  pressure  stopped  the  boiling.  On  the  other  hand,  in  a  Papin*s 
digester,  which  is  a  tight  and  strong  kettle  with  a  safety  val\'e, 
water  may  be  raised  to  3  or  UH)"  without  ebullition ;  but  the 
instant  that  this  great  pressure  is  removed,  the  lioiling  com- 
mences with  prodigious  xiolence. 

The  fiEudlity  with  which  liquids  l>oil  under  reduced  pressure  is 
frequently  taken  advantage  of  in  the  arts,  in  concentrating 
liquors  which  would  be  injured  in  flavour  or  colour  by  the  heat 
necessary  to  boil  them  under  the  pressure  of  the  atmosphere. 
The  late  Mr.  Howard  appUed  this  principle  in  concentrating 
syrup  of  the  sugar,  which  is  apt  to  be  browned  when  made 
to  boil  under  the  usual  pressure.  He  thus  Ixiiled  syrup  at 
\5(f  applying  heat  to  it  in  a  pan  covered  by  an  air-tight 
lid,  and  pumping  off  the  air  and  steam  from  the  upper  part 
of  the  pan  by  means  of  a  steam-engine.  Tliis  was  the  most 
essential  part  of  his  patent  process,  by  which  nearly  the  whole' 
of  the  loaf  sugar  consumed  in  this  country,  has  been  manufac- 
tured for  several  years. 

In  the  same  apparatus  vegetable  infusions  may  be  inspissated, 
or  reduced  to  the  state  of  extracts,  for  medical  purposes  with 


50  VAPORIZATION. 

great  adTHntage.  When  an  extract  is  prepared  in  fhe  ordfaiary 
way,  by  boiling  down  an  infusion  or  expressed  juioe  in  an  open 
vessel  ander  atmospheric  pressure,  a  considerable  and  variable 
proportion  of  the  active  principle  is  always  destroyed  by  die 
high  temperature  and  exposure  to  the  air.  But  the  extract  is 
not  injured  when  the  infusion  or  juice  is  evaporated  at  a  low 
temperature,  and  without  access  of  air,  and  is  generally  finmd 
to  be  a  more  active   medicine. 

The  temperatures  at  which  different  liquids  are  converted 
into  vapour  are  exceedingly  various  ;  but  other  things  remain- 
ing the  same,  the  boiling  temperature  is  constant  for  any  par- 
ticular liquid.  The  following  table  exhibits  the  boiling  points 
of  a  few  liquids,  in  which  that  point  has  been  determined  with 
precision. 

Boilios  poiat. 

Hydro-chloric  ether 52<> 

Sulphuric  ether  .         .        .         ,        .    96 

Bisulphuret  of  carbon  .  .  .  .116 
Ammonia,  (sp.  gr.  0.945)  ....  140 
Alcohol,  (sp.  gr.  0.798)        •        .         .         .172 

Water 212 

Nitric  acid,  (sp.  gr.  1.42)  .  .  .  .  248 
Crystallized   chloride  of  calcium         .         •  302 

Oil  of  turpentine 314 

Naphtha 320 

Phosphorus 554 

Sulphuric  acid,  (sp.  gr.  1.843)     .         .         .  620 

Whale  oU 630 

Mercury 662 

The  boiling  point  of  water  is  uniformly  elevated,  by  the  so- 
lution of  salts  in  the  fluid ;  but  much  more  so  by  some  salts  than 
others.  Tables  have  been  constructed  of  the  boiling  points 
of  saline  liquors,  which  arc  of  useful  application  when  we  wish 
to  maintain  a  steady  temperature  somewhat  above212o.  Thus, 
water  saturated  with  common  salt,  (100  water  to  30  salt,)  boils 
at  2240  5  saturated  with  nitrate  of  potash,  (100  water  to  7^ 
salt,)  it  boils  at  238^ ;  saturated  with  chloride  of  calcium,  at 
2640. 

When  steam  from  water  is  confined,  it  increases  in  tem- 
perature and  acquires  great  force,  and  the  experiment  can  only 
be  performed  with  safety  in  a  boiler  possessed  of  a  safety  valve. 
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nb  is  a  small  lid  in  the  upper  part  of  the  boiler,  properly 
loided,  according  to  the  force  of  the  steam  to  be  generated. 
Hie  steam  of  boiling  water  occasions  a  severe  scald,  if  allowed 
to  condense  upon  the  body.  But  when  steam  from  water  under 
pessure,  or  ^  high  pressure*'  steam,  which  may  be  of  a  much 
higher  temperature  than  boiling  water,  issues  into  tlie  air,  the 
hand  may  be  directly  exposed  to  it  with  impunity ;  and  a  ther- 
mometer placed  in  it,  shows  that  its  temperature  is  greatly 
below  that  of  boiling  water.  This  singular  property  of  high 
pvessure  steam  is  connected  with  the  great  expansion  which  it 
undergoes  on  escaping  into  the  air  from  the  vessel  in  which  it 
was  confined;  elastic  bodies  having  a  tendency  when  com- 
pressed to  fly  asimder,  not  only  to  their  original  dimensions, 
but  beyond  them.  The  steam  is  greatly  expanded  and  at  tlie 
same  time  mixed  with  air,  which  prevents  it  from  after^-ards 
collapsing.  Now  Bfter  being  incorporated  with  several  times 
its  bulk  of  air,  steam  is  not  easily  condensed,  but  becomes 
low-pressure  steam,  and  may  have  its  condensing  point  re- 
duced from  above  212o  to  120o  or  130®.  Hence  the  heat  which 
it  is  capable  of  communicating,  while  condensing  upon  the 
hand  held  in  it,  is  of  much  less  intensity  than  that  of  ordinary 
steam,  and  inadequate  to  occasion  scalding. 

Steam,  when  heated  by  itself,  apart  from  the  liquid  which 
produced  it,  does  not  possess  a  greater  elasticity  than  an  equal 
bulk  of  air  confined  and  heated  to  the  same  degree,  and  may 
be  heated  to  redness,  without  acquiring  great  elastic  force.  But 
if  water  be  present,  then  more  and  more  steam  continues  to 
rise,  adding  its  elastic  force  to  that  of  the  vapour  previously 
existing,  so  that  the  pressure  becomes  excessive. 

The  elastic  force  of  steam  at  temperatures  above  212^  is 
determined  by  heating  water  in  a  stout  globular  vessel  con- 
tuning  mercury  m,  (see  Figure)  and  water  w,  and  having  a 
long  glass  tube  //,  Screwed  into  it,  open  at  both  ends,  and 
dipping  into  the  mercury,  having  a  scale  a,  divided  into  inches 
i^lied  to  it.  The  globular  vessel  has  two  other  openings, 
mto  one  of  which  a  stopcock  b  is  screwed,  and  into  the  other 
a  thermometer  /,  having  its  bulb  within  the  globe.  The  ymter 
is  boiled  in  this  vessel  for  some  time,  with  the  stopcock  open, 
so  as  to  expel  all  the  ^r.  On  shutting  the  stopcock,  and  cou- 
tmuing  the  heat,  the  temperature  of  the  interior,  as  indicated 
by  the  thermometer,  now  rises  above  212**,  at  whicrli   it  was 
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Stationary  while  the  steam  generated 
was  allowed  to  escape.    The  steam 
in  the  upper  part  of  the  globe  be- 
comes denser,  more  and  more  steam 
being  produced,  and  forces  the  mer- 
cury to  ascend  in  the  gauge  tube, 
/  /  to  a  height  proportional  to  the 
elastic  force  of  the    steam.      The 
height  of  the  mercurial  column  may 
be  taken  to  express  the  elastic  force 
or  pressure  of  the  steam  produced  at 
any  particular    temperature    above 
21 2^  The  weight  of  the  atmosphere 
itself  is  equivalent  to  a  column  of 
mercury  of  80  inches,  and  this  pres- 
sure has  been  overcome  by  the  steam 
at  212o,  before  it  began  to  act  upon 
the    mercurial    gauge.     For    every 
thirty  inches  that  the   mercury  is 
forced  up  in  the  gauge  tube  by  the 
steam,  it  is  said  to  have  the  pressure 
or    elastic  force  of  another  atmo- 
sphere.   Thus,   when  the  mercury 
in  the  tube  stands  at  thirty  inches, 
the    steam    is    said  to  be  of  two 
atmospheres ;  at  45  inches,  of  two 
and    a    hdf    atmospheres;    at  60 
inches,  of  three  atmospheres,  and  so  on. 

Experiments  have  been  made  on  the  elastic  force  of  steam 
by  Professor  Robinson,  Mr.  Southern,  Mr.  Watt,  Dr.  Ure,  and 
others ;  but  all  preceding  results  have  been  superseded  by  those 
of  a  commission  of  the  French  Academy,  appointed  by  the 
French  government  to  investigate  the  subject,  from  its  import- 
ance in  connexion  with  the  steam  engine.  Their  results,  whidi 
are  expressed  in  the  following  table,  were  obtained  by  experi- 
ment, up  to  a  pressure  of  25  atmospheres.  The  higher  pres- 
sures were  calculated  by  extending  the  progression  observed  at 
lower  temperatures. 
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Some  carious  experiments  were  made  by  M.  Cagnard  de 
la  Tour  on  the  rapour  from  various  liquids  at  very  high  tempera- 
tures, and  under  great  pressures.  He  filled  a  smcJl  glass  tube  in 
part  with  ether,  alcohol,  or  water,  and  sealed  it  hermetically. 
TTie  tube  was  then  exposed  to  heat,  till  the  liquid  passed  en- 
tirely into  vapour.  Ether  became  gas^us  in  a  space  scarcely 
double  its  volume  at  a  temperature  of  320o,  and  the  vapour 
exerted  a  pressure  of  no  more  than  38  atmospheres.  Alcohol 
became  gaseous  in  a  space  about  thrice  its  volume  at  the  tem- 
perature 404<^4,  with  a  pressure  of  about  139  atmospheres. 
Water  acted  chemically  on  the  glass,  and  broke  it ;  but  adding  a 
little  carbonate  of  soda  to  it,  the  water  became  gaseous  in  a 
space  four  times  its  volume  at  the  temperature  at  which  zinc 
melts,  or  about  648<>.  These  results  are  singular,  in  so  far  as 
die  pressure  or  elastic  force  of  the  vapours  proves  to  be  much 
smaller  than  that  which  corresponds  with  their  calculated 
density.  It  thus  appears  that  highly  compressed  vapours  lose 
a  portion  of  their  elasticity,  or  yield  more  to  a  certain  pressure 
than  air^  by  calculation,  would  do. 
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The  latent  heat  of  the  vapours  of  several  other  bodies  besides 
water  has  been  determined,  and  found  to  have  a  relation  to  the 
volumes  of  the  vapours.  Thus,  when  equal  weights  of  water 
and  oil  of  turpentine  are  converted  into  vapour  under  the  same 
pressure,  the  quantity  of  heat  rendered  latent  by  the  turpentine 
vapour  is  not  more  than  one-fifth  of  the  latent  heat  assumed  by 
the  water  vapour ;  but  the  bulk  of  the  latter  vapour  is  about  five 
times  greater  than  that  of  the  former.  The  table  below  exhibits 
the  latent  heat  of  equal  weights  of  several  vapours,  as  ascer- 
tained by  Dr.  Ure.  He  distilled,  in  all  cases,  200  grains  of  the 
liquid,  from  a  small  retort,  and  condensed  the  vapour  in  a  thin 
glass  globe,  surrounded  with  a  certain  quantity  of  water  at  a 
known  temperature,  contained  in  a  glass  basin.  To  prevent  the 
air  from  exercising  an  influence  on  the  temperature  of  the  water 
in  the  basin,  care  was  taken  that  the  water  should  be  three  or 
four  degrees  below  the  temperature  of  the  air  at  the  b^inning 
of  the  experiment,  while  it  was  not  afterwards  heated  more  than 
the  same  number  of  degrees  above  the  atmospheric  temperature 
by  the  condensation  of  the  vapour.  A  thermometer  of  great 
delicacy  was  continually  moved  through  the  water,  and  its  indi- 
cations were  read  oflF  to  small  fractions  of  a  degree.  The  latent 
heat  of  each  vapour  was  of  course  proportional  to  the  rise  of 
temperature  which  occurred  in  the  condensing  water. 

Equal  weights.  Latent  heat. 

Vapour  of  water 1000  degrees. 

Alcohol  (specific  gravity  0.825).     .         .         .  457       w 

Ether  (boiling  point  11 2<>)  •         .         .  3LS       „ 

Petroleum  184       „ 

Oil  of  turpentine 184        „ 

Nitric  acid  (specific  gravity  1.494)  .         .  550       „ 

Liquid  ammonia  (specific  gravity  0.978)  .  866       „ 

Vinegar  (specific  gravity  1.007)      .         .         •  903       „ 

If  the  latent  heat  of  dificrent  vapours  be  proportional  to  thdr 
volume,  as  these  numbers  seem  to  indicate,  the  same  bulk  of 
vapour  will  be  produced  firom  all  liquids  with  the  same  expen- 
diture of  heat,  and  hence  there  can  be  no  advantage  in  substi- 
tuting any  other  liquid  for  water,  as  a  source  of  vapour^  in  the 
steam  engine. 

The  latent  heat  of  the  vapour  of  water  itself  increases  with 
its  rarity  at  low  temperatures,  and  diminishes  with  its  increasing 
density  at  high  temperatures.    Water  may  easily  be  made  to 
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bal  in  a  ywcaam  at  the  tempemture  of  lOOo,  but  the  stetm 
pmhoed  b  mudi  more  eaqNuided  and  rare  than  that  produced 
it  2lio,  and  haa  a  greater  latent  heat.  Henoe  there  is  no  fuel 
Bfed  by  diatilling  in  Tacuo.  It  has  been  shown,  by  Mr. 
Sharpe  of  Mandiesfeer,  that  whaterer  be  the  temperature  of 
iteam^  from  212<'  upwards,  if  the  same  weight  of  it  be  con- 
densed by  water,  the  temperature  q[  the  water  will  always  be 
laised  the  aame  number  of  degrees ;  or  the  latent  and  sensible 
heat  of  steam,  added  together,  amount  to  a  constant  quantity. 
We  may  hence  deduce  a  simple  rule  for  ascertaining  the  latent 
heat  of  steam  at  any  particular  temperature.  The  sensible  heat 
of  steam  at  212^  may  be  assimied  as  212  degrees  neglecting 
the  heat  which  it  has  below  zero  Fahrenheit,  and  the  latent 
heat  of  such  steam  is  1000  degrees,  of  which  the  sum  is 
1212  degrees.  To  calculate  the  latent  heat  of  steam  at  any 
particolar  temperature  above  212^,  subtract  the  sensible  heat 
from  this  constant  number  1212.  Thus  the  latent  heat  of 
steam  at  300**  is  1212 — 300,  or  912  degrees.  The  same  re- 
btian  between  the  latent  and  sensible  heat  of  vapour  appears 
to  exist  at  temperatures  below  212%  and  we  may,  therefore, 
i>mh<n\»tg^  the  latent  heat  of  vapour,  below  that  temperature,  by 
the  same  rule. 

Terapcntnre.  Latest  best  of  e^tuU  weighu  of  iteam. 

1212  degrees 


32 

1184 

100 

1112 

150 

1062 

242 

1000 

250 

9fi2 

The  latent  heat  of  other  vapours,  such  as  that  of  alcohol, 
ether,  and  oil  of  turpentine,  has  been  found  by  Despretz  to 
vary  according  to  the  same  law. 

From  the  large  quantity  of  heat  which  steam  possesses,  and 
the  facility  with  which  it  imparts  it  to  bodies  colder  than  itself, 
it  is  much  used  as  a  vehicle  for  the  communication  of  heat. 
The  temperature  of  bodies  heated  by  it  can  never  be  raised 
above  212®;  so  that  it  is  much  preferable  to  an  open  fire  for 
heating  extracts  and  organic  substances,  all  danger  of  empyrcu- 
ma  being  avoided.  When  applied  to  the  cooking  of  food,  the 
steam  is  generally  passed  into  a  shallow  tin  box,  in  the  upper 
sur&oe  of  which  are  cut  several  round  apertures,  of  such  sizes 
as  admit  exactly  the  pans  with  the  materials  to  be  heated.  The 
pans  are  thus  surrounded  by  steam,  wliich  condenses  upon  them 
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with  great  rapidity,  till  their  temperature  rises  to  within  a  de- 
gree or  two  of  212'*.  For  some  purposes,  a  pan  contaiiiing  the 
matters  to  be  heated  is  placed  within  another  and  similar  larger 
one,  and  steam  admitted  between  the  two  vessels.  Manu&o- 
tured  goods  also  are  often  dried  by  passing  them  once  over  a 
series  of  metallic  cylinders,  or  square  boxes  fiUed  with  steam. 
Factories  are  now  very  generally  heated  by  steam,  conveyed 
through  them  in  cast  iron  pipes.  It  has  been  found  by  practice 
that  the  boiler  to  produce  steam  for  this  purpose,  must  have 
one  cubic  foot  of  capacity  for  every  2000  cubic  feet  of  space  to 
be  heated  to  a  temperature  of  70^  or  80° ;  and  that  of  the  con- 
ducting steam  pipe,  one  square  foot  of  surface  must  be  exposed 
for  every  200  cubic  feet  of  space  to  be  heated. 

The  expansion  of  water  into  steam  is  used  as  a  moving  power 
in  the  steam  engine.  The  application  is  made  upon  two  different 
principles,  both  of  which  may  be  illustrated  by  the  little  in- 
strument depicted  on  the  margin.  It  consists  of  a  glass  tube, 
about  an  inch  in  diameter,  sUghtly  expand- 
ed into  a  bulbous  form  at  one  extremity, 
and  open  at  the  other  ;  a  piston  is  made,  by 
twisting  tow  about  the  end  of  a  piece  of 
straight  wire,  which  must  be  fitted  tightly 
in  the  tube  by  the  use  of  grease.  Upon 
heating  a  little  water  in  the  bulb  below  the 
piston,  steam  is  generated,  which  raises  the 
piston  to  the  top  of  the  cylinder.  Here 
the  simple  elastic  force  of  the  steam  is  the 
mo\'ing  power ;  and  in  tliis  manner  steam 
is  employed  in  the  high  pressure  engine.  Tlie  greater  the  load 
upon  the  piston,  and  the  more  the  steam  is  confined,  the  greater 
does  its  elastic  force  become.  Again,  the  piston  being  at  the 
top  of  the  cylinder,  if  we  condense  the  steam  with  which  the 
cylinder  is  filled,  by  plunging  the  bulb  in  cold  water,  a  va- 
cuum is  produced  below  the  piston,  which  is  now  forced  down 
to  the  bottom  of  the  cylinder  by  the  pressure  of  the  atmos- 
phere. In  this  second  part  of  the  experiment,  the  power  is 
acquired  by  the  condensation  of  the  steam,  or  the  production 
of  a  vacuum ;  and  this  is  the  principle  of  the  common  con- 
densing engine.  In  the  first  efficient  form  of  the  condensing 
engine  (that  of  Newcomen)  the  steam  was  condensed  by  inject- 
ing a  little  cold  water  below  the  piston,  which  then  descended, 
firom  the  pressure  of  the  atmosphere  upon  its  upper  surface^ 
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eat&f  as  in  the  instrnment.  But  Mr.  Watt  introduced  two 
e^Mtid  improTements  into  tbt  construction  of  the  condensing 
e^ine ;  the  first  was,  the  admitting  steam,  instead  of  atmos- 
pheric air,  to  press  down  the  piston  through  the  vacuous  cylin- 
der^  whicb  steam  itself  could  afterwards  be  condensed,  and  a 
Tscanm  be  produced  above  the  piston,  of  which  the  same 
adrant^e  might  be  taken  as  of  the  vacuum  below  the  piston. 
Tlie  second  was,  the  effecting  the  condensation  of  the  steam, 
not  in  the  cylinder  itself,  which  was  thereby  greatly  cooled, 
and  occasional  the  waste  of  much  steam  in  being  heated  again 
at  every  stroke,  but  in  a  separate  air-tight  vessel,  called  the 
ooodenaer,  which  is  kept  cool  and  vacuous.  Into  this  con- 
denser, the  steam  is  allowed  to  escape  from  above  and  from 
below  the  piston  alternately,  and  a  vacuum  is  obtained  with- 
out erer  reducing  the  temperature  of  the  cylinder  below  212*. 

A  third  and  more  recent  improvement  in  the  employment  of 
steam  as  a  moving  power,  consists  in  using  it  expamicelyj  a 
mode  of  application  wbich  will  be  best  imderstood  by  being 
expluned  in  a  particular  case.  Let  it  be  supposed  that  a  piston 
loaded  with  one  ton,  is  raised  four  feet  by  filling  the  cj-linder 
in  which  it  moves  with  low-pressure  steam,  or  steam  of  the 
tension  of  one  atmosphere.  An  equivalent  effect  may  be  pro- 
duced at  the  same  expense  of  steam,  by  filling  one  fourth  of 
the  cylinder  with  steam  of  the  tension  of  four  atmospheres, 
and  loading  the  piston  with  four  tons,  which  will  be  raised  one 
foot.  But  the  piston  being  raised  one  foot  by  steam  of  four 
atmospheres,  and  in  the  position  represented  in  the  figure,   the 

supply  of  steam  may  be  cut  off, 
and  tlie  piston  will  continue  to  be 
elevated  in  the  cylinder  by  tlie 
simple  expansion  of  the  steam  be- 
low it,  although  with  a  diminish- 
ing force.  When  the  piston  has 
been  raised  another  foot  in  tlie 
cylinder,  or  two  feet  from  tlie 
bottom,  the  volume  of  the  steam 
will  be  doubled,  and  its  tension 
consequently  reduced  firom  four 
to  4,  or  two  atmospheres.  At  a 
height  of  three  feet  in  the  cylin- 
der, the  piston  will  have  steam 
below  it  of  the  tension  of  4  or  1^  atmosphere,  and  when  the 


^ 
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piston  is  elevated  four  feet,  or  reaches  tlie  top  of  die  cylinder^ 
the  tension  of  the  steam  below  it' will  still  be  |>  or  one  atmos- 
phere. The  piston  has,  therefore,  been  raised  to  a  height  of 
three  feet,  with  a  force  progressively  diminishing  fipom  four 
atmospheres  to  one,  or  with  an  average  force  of  two  atmos- 
pheres, by  means  of  a  power  acqmred  without  any  constmiption 
of  steam,  but  by  the  expansion  merely  of  steam  that  had 
already  produced  its  usual  effect. 

The  boiler  used  to  produce  the  steam  is  constructed  of  diffe- 
rent forms.  The  common  wagon  boiler  is  represented  in 
Figure  1.  The  heated  air  from  the  fire  below  the  boiler,  after 
passing  under  its  whole  length,  is  brought  back,  before  pass- 
ing to  the  chimney,  by  flues, 
0,  0,  in  order  that  what  heat 
the  air  still  contains,  may 
be  imparted  to  the  sides  of 
the  boiler.  The  water  is  sup- 
plied in  proper  quantity  to 
the  boiler,  and  kept  at  a  con- 
stant level  from  a  fountain- 
head  gy  by  a  tube  descend- 
ing into  the  boiler  from  a 
box  above  it  c  v.  The  mouth 
of  this  tube  is  closed  by  a 
valve,  which  is  kept  shut  by 
pressure  from  the  lever  a  A, 
loaded  at  a.  But  to  the  other  limb  b  e  of  the  lever  an  iron-rod 
is  attached,  which  descends  into  the  boiler,  and  is  fixed  to  a 
piece  of  wood/,  which  floats  upon  the  surface  of  the  water. 
When  the  level  of  the  water  is  lowered,  /  falls  with  it,  and 
occasions  the  valve  above  to  be  opened  and  water  to  flow  into 
the  boiler. 


Fig.  2. 


The  cylinder  boiler,  of  which 
a  section  is  given  in  Figure  2, 
Is  preferred  as  the  most  eco- 
nomical, for  the  great  steam- 
engines  at  the  Cornish  mines. 
It  consists  of  two  cylinders, 
one  within  the  other,  the 
smaller  cylinder  containing 
the  fire,  and  the  space  be- 
tween the  two  cyUnders  being 
occupied  by  the  water.    The 
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Fig.  3. 


oolcr  cyibidcr  may  be  six  feet  in  diameter,  and  is  often  fifty  or 
sixty  feet  in  length.  The  heated  air  from  the  fire,  after  tra- 
Tosing  the  inner  cylinder  is  conducted  under  the  boiler  by  the 
floes  o,  o,  before  it  is  conveyed  to  the  chimney. 

In  locomotive  steam-engines,  where  the  principal  object  is 
to  generate  steam  in  a  small  and  compact  apparatus  with  great 
rapidity,  a  different  construction  is  adopted.     Here  the  boiler 

consists  of  two  parts,  a  square  box 
with  a  double  casing,  of  which  a 
section  is  given  in  Figure  3,  which 
contains  the  fire  /*,  surrounded  by 
water  in  the  space  between  the  cas- 
ings ;  and  a  cylinder  dy  through  the 
lower  part  of  which  pass  a  number 
of  copper  tubes  of  small  sixe,  which 
communicate  at  one  end  with  the 
fire-box,  and  at  the  other  with  the 
chimney,  and  form  a  passage  for  the 
heated  air  from  the  fire  to  the  chim- 
ney. By  means  of  these  tubes,  the 
object  is  accomplished  of  exposing 
to  a  source  of  heat,  the  greatest 
possible  quantity  of  surface  in  contact  with  the  wtkter.'^fSee 
Dr.  Lardner  on  the  Steani-Engine^  Cabinet  Cyclopedia). 

Hie  subject  of  distillation  is  a  natural  sequel  to  vaporization ; 
but  it  is  unnecessary  to  enter  into  much  detail.  The  principal 
point  to  be  attended  to  is  the  most  efficient  mode  of  condensing 
the  vapour.    Figure  1.  represents  the  ordinary  arrangement  in 

distilling  a  liquid  from  a  retort  a, 
and  condensing  the  vapour  in  a 
glass  flask  b,  which  is  kept  cool 
by  water  dropping  upon  it  from  a 
funnel  above  c.  The  condensing 
flask  is  covered  by  bibulous  pa- 
per,  so  that  the  water  falling  upon 
it  may  be  made  to  pass  equably 
over  its  surface,  and  it  is  sup- 
ported in  a  basin  likewise  con- 
taining cold  water. 

But  a  much  superior  instru- 
ment to  the  condensing  flask  is 
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the  condensing  tube  of  Professor  liebig,  (Rgure  2).    Thia  is 
a  plain  glass  tube,  /  /about  eighteen  inches  in  lengthy  and  two- 

FlG.  2. 


thirds  of  an  inch  internal  diameter,  which  is  enclosed  in  a  larger 
tube  by  of  brass  or  tin-plate,  about  twelve  inches  long  and  two 
inches  in  diameter,  the  ends  of  which  are  closed  by  perfor- 
ated corks.  A  constant  supply  of  cold  condensing  water  from 
a  vessel  a  is  introduced  into  the  space  between  the  two  tubes, 
being  conveyed  to  the  lower  part  of  the  instrument  by  the  fun- 
nel and  tube  f,  and  flowing  out  from  the  upper  part  by  the 
tube  g.  The  condensed  liquid  drops  quite  cool  from  the  lower 
extremity  of  the  glass  tube,  where  a  vessel  is  placed  to  re- 
ceive it.  This  is  an  admirable  apparatus,  and  ought  to  super- 
sede all  other  means  of  condensation  in  the  laboratory.  The 
spiral  copper  tube  or  worm  which  is  used  for  condensing  in 
the  common  still,  is  commonly  made  longer  than  is  necessary, 
and  from  its  form  cannot  be  examined  and  cleaned  like  a  straight 
tube.  Much  vapour  may  be  condensed  by  a  small  extent  of  surface, 
provided  it  is  kept  cold  by  an  ample  supply  of  condensing 
water. 

Fig.  3.  Both  the  outer  and  in- 

ner tube  may  be  of  glass 
in  the  condensing  appa- 
ratus which  has  been 
described,  and  then  the 
small  tubes  to  bring  and 
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ovry  off  the  condensing  water,  may  be  made  to  pass  through 
openings  in  the  corks,  which  they  fit,  as  represented  in  Fh- 
gore  3. 

Evaporaiion  in  vacuo.  Water  rises  rapidly  into  vapour  in  a 
▼acuous  space,  without  the  appearance  of  ebullition,  at  all  tem- 
peratures, even  at  S2o,  and  greatly  lower.  Its  elastic  force  in- 
creases as  the  temperature  is  elevated,  till  at  212o,  it  is  equal  to 
that  of  the  atmosphere,  or  capable  of  supporting  a  column  of 
mercury  thirty  inches  in  height.  Various  other  soUd  and  liquid 
substances  emit  vapour  in  similar  circumstances,  such  as  cam- 
phor, alcohol,  ether,  and  oil  of  turpentine.  Such  bodies  are 
said  to  be  volaiUej  and  other  bodies,  such  as  marble,  the  metals, 
&e.  which  do  not  emit  a  sensible  vapour  at  the  temperature  of 
the  air,  are  said  to  he  fixed.  All  bodies  which  boil  at  low  tempe- 
ratures belong  to  the  volatile  class.  An  accurate  estimate  of 
the  volatility  of  different  bodies  is  obtained  by  determining  the 
elastic  force  of  the  vapour  which  they  emit  in  the  vacuous  space 
above  the  column  of  mercury  of  the  barometer.  If  we  pass  up 
a  bubble  of  air  into  the  vacuimi  of  the  barometer,  above 
tbe  mercurial  column,  standing  at  the  time  at  a  height  of  30 
indies,  the  mercury  is  depressed,  we  may  suppose  to  the  level  of 
29  indies,  or  by  one  inch.    This  would  indicate  that  the  air,  by 


rising  above   the  mercury,  has  been  ex- 


panded into  thirty  times  its  former  bulk, 
or  that  the  elastic  force  of  this  rare  air  is 
equal  to  a  column  of  one  inch  of  mercury. 
The  elastic  force  of  vapour  is  estimated  in 
the  same  manner.  A  few  drops  of  the 
liquid  operated  upon  are  passed  up  into 
the  vacuum  above  the  mercurial  column, 
which  is  depressed  in  proportion  to  the 
elastic  force  of  the  vapour.  The  depression 
produced  by  various  liquids  is  very  diffe- 
rent, as  illustrated  in  the  annexed  figure, 
representii^  four  barometer  tubes,  in 
which  the  mercury  is  at  its  proper  height 
in  No.  1 ;  is  depressed  by  the  vapour  of 
water  of  the  temperature  60°  in  No.  2 ; 
and  by  alcohol  and  ether  at  the  same 
temperature  in  Nos.  3  and  4  respec^ 
tively. 
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The  depression  of  the  mercurial  column  produced  by  water 
at  every  degree  of  temperature,  between  32"  and  212%  was 
carefully  determined  by  Dr.  Dalton,  and  his  results  have  been 
confirmed  by  Dr.  Ure.  The  following  selected  observations 
prove  that  the  elasticity  increases  at  a  very  rapid  rate  with  the 
temperature. 


of  tbe  Tapour  of  water  in  inches 

of  mercuiy. 

Tempenitare. 

0.2      inch  at            .            .            .           32o 

0.263       „ 

40 

0.375       „ 

50 

0.524       „ 

60 

0.721        „ 

70 

1 

80 

1.36 

90 

1.86 

100 

7.42 

150 

23.64          „ 

200 

30 

2J2 

The  vapours  of  other  liquids  increase  in  density  and  elastic 
force  with  the  temperature,  as  well  as  the  vapour  of  water ;  but 
each  vapour  appears  to  follow  a  rate  of  progression  peculiar  to 
itself. 

The  assumption  of  latent  heat  by  such  vapours  is  evinced  in 
some  processes  for  producing  cold.  Water  may  be  frozen  by 
the  evaporation  of  ether  in  the  air-pump,  and  a  cold  produced 
of  55  degrees  under  the  zero  of  Fahrenheit  by  the  evaporation 
of  that  fluid.  The  ether-vapour  derives  its  store  of  latent  heat 
from  the  remaining  fluid,  and  contiguous  bodies,  which  are 
robbed  of  their  heat,  and  suffer  a  great  refrigeration.  To  sus- 
tain the  evaporation  of  this  fluid,  it  is  necessary  to  withdraw 
the  vapour  as  it  is  produced  by  continual  pumping.  The  vola- 
tile liquid,  sulphuret  of  carbon,  substituted  for  ether,  pro- 
duces even  greater  effects. 

On  the  same  principle  is  founded  Leslie's  elegant  process 
for  the  freezing  of  water  by  its  own  evaporation,  within 
the  exhausted  receiver  of  an  air-pump,  the  evaporation  being 
kept  up  by  the  absorbent  power  of  sulphuric  acid.  A  little 
water,  in  a  cup  of  porous  stone-ware,  is  supported  over  a 
shallow  basin  containing  sulphuric  acid.  All  that  is  necessary 
is  to  produce  a  good  exhaustion  at  first :  the  process  of  evapo- 
ration and  absorption  then  go  on  spontaneously,  in  an  uninter- 
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Tfgflttd  manner.  Varioua  bodies,  which  have  a  powerful  attrac- 
tioD  for  watery  vapour,  may  be  used  as  absorbents,  such  as 
pirdied  oatmeal,  the  powder  of  mouldering  whinstone,  and  even 
dry  sole-leather,  by  means  of  any  one  of  which  a  small  quantity 
of wvtermay  be  £ruaen,  during  summer,  in  the  exhausted  receiver 
of  an  air-pmnp.  No  substance,  however,  is  su]>erior,  in  this  res- 
pect to  concentrated  sulphuric  acid.  When  this  Uquid  becomes 
too  dilute  to  act  powerfolly  as  an  absorbent,  it  may  be  rendered 
again  fit  for  use,  by  boiling  it  and  driving  off  the  water.  Ice 
might  be  procured  in  quantity,  in  a  warm  climate,  by  this  pro- 
cess. The  necessary  vacuum  would  be  most  easily  commanded, 
on  the  large  scale,  by  allowing  the  receivers  to  conmiunicate  with 
a  strong  drum,  filled  with  steam,  which  could  be  condensed. 

In  the  CryophoruM  of  Dr.  WoUaston,  water  is  also  firoien  by 

its  own  evaporation.    This  instrument  consists  of  two  glass 

^«  ^     bulbs,  connected  by  a 

6P\  tube,  and  containing  a 
^90  portion  of  water,  as  re- 
presented in  the  figure.  The  air  is  first  entirely  ezpeUed  from 
the  instrument  by  boiling  the  water,  in  both  bulbs,  at  the  same 
time,  and  allowing  the  steam  to  escape  by  a  small  opening  at 
the  extremity  of  ^e  little  projecting  tube  e.  While  the  in- 
strument is  entirely  filled  with  steam,  the  point  of  «  is  fused 
by  the  blow-pipe  flame,  and  the  opening  hermetically  closed. 
In  expmmenting  with  this  instrument,  the  water  is  all  poured 
mto  one  bulb,  and  the  other  or  empty  bulb  placed  in  a  basin 
containing  a  freezing  mixture  of  ice  and  salt.  The  vapour  in 
the  cooled  bulb  is  condensed,  but  its  place  is  supplied  by  vapour 
from  the  water  in  the  other  bulb.  A  rapid  evaporation  takes 
'{dace  in  the  water  bulb,  and  condensation  in  the  empty  bulb, 
tin  the  water  in  the  former  bulb  is  cooled  so  low  as  to  freeze. 
The  instrument  derives  its  name  of  the  cryophoruty  or  frost- 
bearer,  firom  this  transference  of  the  cold  of  the  bulb  in  the 
freezing  mixture  to  the  bulb  at  a  distance  from  it. 

It  is  by  the  evaporation  of  liquefied  carbonic  acid,  that  Thilo- 
rier  produces  the  extreme  depression  of  temperature,  — 135% 
whidi  he  has  attained  and  measured.  He  allows  a  small  stream 
of  liquid  carbonic  acid  to  escape,  from  a  magazine  of  the  liquid, 
into  a  cylindrical  box  of  wood,  like  a  round  snuff  box  in  shape. 
The  stream  of  liquid,  which  immediately  becomes  in  part  gas, 
is  made,  as  it  enters  the  box,  to  strike  against  a  plain  surface  at 
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sach  an  inclination  as  to  cause  the  gas  to  circulate  round  the 
circumference  of  the  cavity  of  the  box,  instead  of  traversing  it 
in  a  straight  line.  The  box  is  speedily  filled  with  a  light  pow- 
der, having  the  appearance  of  snow,  which  is  solid  carbonic  acid^ 
one  portion  of  the  liquid  carbonic  acid  being  frozen  by  the  eva- 
poration of  the  other.  The  solid  carbonic  add  is  an  imperfect 
conductor  of  heat,  and  is  on  that  account  not  immediately  dis- 
sipated by  evaporation.  It  is  most  conveniently  applied  as  a 
frigorific  agent  when  mixed  with  ether,  with  which  it  forms  a 
soft  mass,  like  half-melted  snow.  Mercury  may  be  frozen  in 
large  quantity,  by  throwing  a  portion  of  this  compound  upon 
the  smface  of  the  fluid  metal.  The  ether  evaporates  as  well  as 
the  carbonic  acid,  and  contributes  to  produce  the  cold.  To  form 
the  liquid  carbonic  acid  itself  in  large  quantity,  M.  Thilorier 
makes  use  of  two  strong  cylindrical  vessels  of  wrought  iron, 
like  mercury  bottles  in  size  and  form,  one  of  which  is  called 
the  generator,  and  the  other  the  receiver.  The  generator  is 
lined  with  lead,  and  is  intended  for  the  reception  of  strong 
muriatic  acid  and  marble,  the  materials  for  the  production  of  the 
gas.  It  is  connected  with  the  receiver  by  a  short  iron  pipe, 
which  is  provided  with  a  stop-cock,  so  that  the  receiver  can  be 
separated  from  the  generator,  without  loss  of  gas  from  the 
former.  The  generator  is  charged  with  materials  several  times 
in  succession,  and  the  product  accumulated  in  the  receiver  tiU 
it  may  amount  to  a  pound  or  two.  The  stop-cock  and  screws 
in  this  apparatus  must  be  of  the  most  accurate  workmanship, 
and  be  screwed  down  upon  leaden  washers. 

The  question  arises,  do  those  bodies  which  evaporate  at  a 
moderate  temperature  continue  to  evaporate  at  all  temperatures, 
however  low  ?  The  opinion  has  prevailed,  that  bodies  which 
are  decidedly  vaporous  at  high  temperatures,  such  as  sulphuric 
acid  and  mercury,  never  cease  to  evolve  vapour,  however  far 
their  temperature  may  be  depressed,  although  the  quantity 
emitted  becomes  less  and  less,  till  it  ceases  to  be  appreciable 
by  our  senses.  Even  fixed  bodies,  such  as  metals,  rocks, 
&c.,  have  been  supposed  to  allow  an  escape  of  their  sub- 
stance into  air  at  the  ordinary  temperature ;  and  hence  the 
atmosphere  has  been  supposed  to  contain  traces  of  the  var 
pours  of  all  the  bodies  with  which  it  is  in  contact.  Certain 
researches  of  Dr.  Faraday,  published  in  the  Philosophical 
Transactions  for  1 826,  on  the  existence  of  a  limit  to  vaporiza- 
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tion,  estabfiflhed  the  opposite  conclusion.  Mercary  was  found 
to  yidd  a  small  quantity  of  vapour  during  summer,  at  a  tempe- 
ntore  varying  firom  60^  to  80^,  but  in  winter  no  trace  of  vapour 
could  be  detected.  Dr.  Faraday  has  proved  that  several  die- 
micil  agents,  which  may  be  volatilised  by  a  heat  between  300o 
snd  400d,  did  not  undergo  the  slightest  evaporation  when  kept 
ia  a  confined  space  with  water  during  four  years. 

Bodies,  therefore,  cease  all  at  once  to  emit  vapour,  at  some 
particular  temperature.  In  the  case  of  mercury,  this  tempera- 
tnie  lies  between  40^  and  600  Fahrenheit.  But  a  progressive 
and  endless  diminution  of  vaporizmg  power  is  certainly  more 
natural  than  an  abrupt  cessation.  What  puts  a  stop  to  vaporiza- 
tkm  ?  it  may  be  asked.  Liquids,  we  know,  have  a  certain  at- 
traction for  their  own  particles,  evinced  in  their  disposition  to 
collect  together  in  drops.  The  particles  of  solids  are  attracted 
more  powerfully,  and  cohere  strongly  together.  Dr.  Faraday  is  of 
ojmuon,  that  when  the  vaporizing  power  becomes  very  weak,  at 
low  temperatures,  it  may  be  overcome  and  negatived  completely 
by  this  cohesive  attraction,  and  no  escape  of  particlea  in  the 
vaporous  form  be  permitted. 

lliia  supposition  is  conformable  with  the  views  of  corpuscular 
{dulosophy  entertained  by  Laplace.  According  to  tliat  profound 
jdiilosopher,  die  form  of  aggregation  which  a  body  affects  de- 
pends upon  the  mutual  relation  of  three  forces  :  1 .  The  attrac- 
tion of  each  particle  for  the  other  particles  which  surround  it, 
which  induces  them  to  approach  as  near  as  possible  to  each 
other.  2.  The  attraction  of  each  particle  for  the  heat  which 
surrounds  the  other  particles  in  its  neighbourhood.  S.  The 
rqpulsion  between  the  heat  which  surrounds  each  particle,  and 
that  which  surrounds  the  neighbouring  particles,  a  force  which 
tends  to  disunite  the  particles  of  bodies.  When  the  first  of 
diese  forces  prevails,  the  body  is  solid  ;  if  the  quantity  of  heat 
augments,  the  second  force  becomes  dominant,  the  particles 
then  move  among  each  other  with  fiicility,  and  the  body  is 
liquid.  Wliile  this  is  the  case,  the  particles  arc  still  retained  by 
the  attraction  for  the  neighbouring  heat,  within  the  limits 
of  the  space  which  the  body  formerly  occupied,  except 
at  the  surface,  where  the  heat  separates  them,  that  is  to 
say,  occasions  evaporation,  till  the  influence  of  some  pressure 
prevents  the  separation  firom  being  effected.  When  the  heat 
incfeases  to  such  a  degree  that  the  reciprocal  repulsive  force 
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prevails  over  tbe  attraction  of  the  particles  for  one  another,  they 
disperse  in  all  directions^  as  long  as  they  meet  no  obstacle, 
and  the  body  assumes  the  gaseous  form.  Berzelius  adds  the 
reflection,  that  if,  in  that  gaseous  state,  into  which  Cagnard 
de  la  Tour  reduced  some  volatile  liquids,  the  pressure  does 
not  correspond  with  the  result  of  calculation,  that  difference 
may  depend  on  this :  that,  as  the  particles  have  not  an  oppor* 
tunity  to  recede  much,  the  two  first  forces  continue  always  to 
act,  and  oppose  the  tension  of  the  gas,  which  does  not  establish 
itself  in  all  its  power  unless  when  the  particles  are  so  distant 
from  each  other  as  to  be  out  of  the  sphere  of  the  influence  of 
these  forces.* 

Giises.  Permanent  gases,  such  as  atmospheric  air,  unques- 
tionably owe  their  elastic  state  to  the  possession  of  latent  heat* 
But  the  theory  of  the  similar  constitution  of  gases  and  vapours^ 
although  supported  by  strong  analogies,  was  not  generally 
adopted  by  chemists,  till  it  was  experimentally  confirmed  by 
Dr.  Faraday,  who  liquefied  several  of  the  gases.f  His  method 
was  to  generate  the  gas  in  one  end  of  a  strong  glass  tube,  bent 

in  the  middle,  as  represented 
in  the  figure,  and  hermeti- 
.  cally  sealed.  The  gas  aoca- 
mulatiiig  in  a  confined  space,  comes  to  exert  a  prodi- 
gious pressure,  an  effect  of  which  is,  that  a  portion  of 
the  gas  itself  condenses  into  a  liquid  in  the  end  of  the 
tube  most  remote  from  the  materials,  which  is  kept  cool 
with  that  view.  Considerable  danger  is  to  be  apprehended  by 
the  operator  in  conducting  such  experiments,  from  the  bursting 
of  the  glass  tubes,  and  the  face  ought  always  to  be  protected 
by  a  wire-gauze  mask  from  the  effects  of  an  explosion.  Tbe 
names  of  the  gases  which  were  Uquefied  in  this  manner,  are 
sulphurous  acid,  cyanogen,  chlorine,  ammoniacal  gas,  sulphu- 
retted hydrogen,  carbonic  acid,  muriatic  acid,  and  nitrous 
oxide;  which  required  a  degree  of  pressure  varying,  in  the 
different  gases,  from  two  atmospheres,  in  the  first  mentioned, 
to  fifty  atmospheres,  in  tlie  last  mentioned  gas,  at  the  tem- 
perature of  45**.      The  liquefaction  of  several  of  these  gases 


•  Traits  de  Chimie,  par  J.  J.  Berzelius,  1. 1,  p.  85. 
t  Philosophical  Transactions,  1823,  p.  181». 
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liai  since  been  effected  by  the  a|)plication  of  cold  alone,  with- 
(wt  oompresaioii* 

The  dastic  force  of  the  vapours  arising  from  these  gases  in- 
oeases  at  a  nq[nd  rate  with  their  temperature.  Thus  the  vapour 
fitxn  Hqnefied  ammonia  at  32*  was  found  to  exert  a  pressure 
of  5  atmospheres,  and  when  heated  to  52*,  a  pressure  of  6i 
atmo^heres;  the  vapour  from  liquid  sulphuretted  hydrogen 
at  3*  exerted  a  pressure  of  14  atmospheres,  and  at  47*  a  pres- 
sure of  17  atmospheres.  Liquid  muriatic  add  at  32*,  22*,  and 
47*  respectively,  exerted  a  force  of  20,  25,  and  40  atmos- 
pheres; carbonic  acid  at  12*  and  32^,  a  force  of  20  and  36  at- 
mospheres. Sir  H.  Davy  threw  out  the  idea  that  the  prodi- 
gious elastic  force  of  these  fluids  might  be  used  as  a  moving 
power.  Bat  supposing  the  application  practicable,  it  may  be 
dombted,  from  what  we  know  of  the  constancy  of  the  united  sum 
of  tlie  latent  and  sensible  heat  of  high  pressure  steam,  whether 
any  saving  of  heat  would  be  effected  by  such  an  application 
of  the  vapours  of  the  liquefied  gases. 

In  certain  gases,  particularly  hydn^n,  nitrogen,  oxygen, 
nitric  oxide,  and  carburetted  hydrogen,  compression  alone  seems 
inadequate  to  produce  lique&ction ;  for  these  gases  have  pre- 
served their  elastic  form  under  a  pressure  of  at  least  800  atmos- 
pheres. There  can  be  little  doubt,  however,  that  aU  other  gases 
at  present  known  would  yield  to  a  less  compressing  force.  Ex- 
posure to  extreme  cold,  with  the  application  of  great  pressure  at 
the  same  time,  is  the  most  likely  means  of  liquefying  the  more 
refractory  gases. 

An  gases  whatever  are  absorbed  and  condensed  by  water  in  a 
greater  or  less  degree,  in  which  case  they  certainly  assume  the 
liquid  form.  The  quantity  condensed  is  widely  different  in  the 
different  gases  ;  and  in  the  same  gas  the  quantity  condensed  de- 
pends upon  the  pressure  to  which  the  gas  is  subjected,  and 
the  temperature  of  the  absorbing  water.  In  the  case  of  carbonic 
add  gas.  Dr.  Henry  proved  that  the  volume  absorbed  by  water 
is  the  same,  whatever  be  the  pressure  to  which  the  gas  is  sub- 
ject. Hence,  we  double  the  weight  or  quantity  of  gas  absorbed 
by  subjecting  it,  in  contact  witli  water,  to  the  pressure  of  two 
atmospheres ;  and  this  practice  is  adopted  in  impregnating  water 
with  carbonic  acid,  to  make  soda-water.  The  colder  the  water, 
the  greater  also  the  quantity  of  gas  absorbed. 

In  the  physical  theory  of  gases,  they  are  assumed  to  be  cx- 
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pansible  to  an  indefinite  extent,  in  the  proportion  diat  pres- 
sure upon  them  is  diminished,  and  to  be  contractibk  under 
increased  pressure  exactly  in  proportion  to  the  compressing 
force — the  well-known  law  of  Mariotte.  The  bulk  of  atmos- 
pheric air  has  been  found  rigidly  to  correspond  with  this  law, 
when  it  was  expanded  into  300  volumes,  and  also  when  com- 
pressed into  l-25th  of  its  primary  volxmie.  But  there  is  reason 
to  doubt  whether  the  law  holds  with  absolute  accuracy,  in  the 
case  of  a  gas  either  in  a  state  of  extreme  rarefaction,  or  of  the 
greatest  density.  Thus  atmospheric  air  does  not  appear  to 
be  indefinitely  expansible  ;  for  there  is  certainly  a  ^limit  to 
the  earth^s  gaseous  atmosphere,  and  it  does  not  expand  into 
all  space.  Dr.  Wollaston  supposed  that  the  material  particles 
of  air  are  not  indefinitely  minute,  but  have  a  certain  magnitude 
and  weight.  These  particles  are  under  the  influence  of  a  power- 
ful mutual  repulsion,  as  is  always  the  case  in  gaseous  bodies, 
and,  therefore,  tend  to  separate  from  each  other ;  but  as  this 
repulsive  force  diminishes  as  the  distance  of  the  particles 
from  each  other  increases.  Dr.  WoUaston  imagined  Uiat  the 
weight  of  the  individual  particles  might  come  at  last  to  balance  it, 
and  thus  prevent  their  ferther  divergence.  On  this  view,  which 
is  exceedingly  probable,  the  expansion  of  a  gas,  caused  by 
the  removal  of  pressure,  will  cease  at  a  particular  stage  of  rare- 
faction, and  the  gas  not  expanding  farther,  will  come  to  have 
an  upper  surface,  like  a  liquid.  The  earth's  atmosphere  has 
probably  an  exact  limit,  and  true  surface. 

The  deviation  from  the  law  of  Mariotte,  in  the  case  of  gases 
under  a  greater  pressure  than  that  of  the  atmosphere,  has  been 
distinctiy  observed  in  the  more  Hquefiable  gases.  Thus,  Pro- 
fessor Oersted,  of  Copenhagen,  found  that  sulphurous  acid  gas 
diminishes,  under  increased  pressure,  more  rapidly  than  com- 
mon air.  The  volumes  of  atmospheric  air  and  of  the  gas  were 
equal  at  the  foUowing  pressures : 

Pressure  upon  air  in  Pressure  upon  snlphuroo* 

atmospheres.  gas  in  atmoapherei. 

1  ....  1 

1.175  ....  1.173 

2.821  ....  2.782 

3.319  ....  .S.I89 

It  will  be  observed  that  less  pressure  always  suffices  to  reduce 

the  sulphurous  acid  gas  to  the  same  bulk  than  is  required  by 
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m*  If  the  pressure  upon  the  air  and  gas  were  made  equalj  then 
the  gas  would  be  compressed  into  less  bulk  than  the  air,  and 
drmte  from  the  law  of  Mariotte.  Despretz  has  more  lately 
obsen^ed  an  equally  conspicuous  de%*!ation  from  this  law  under 
increasing  pressures,  in  several  other  gases,  particukrly  sul- 
phuretted hydrogen,  cyanogen,  and  ammonia,  which  are  all 
easUy  liquefied.  There  ia  no  reason,  however,  to  suppose  that 
waj  partial  Uquefaction  of  the  gases  occurs  under  the  pres- 
mre  applied  to  them  in  such  experiments,  Tliey  remain 
entirely  gaseous,  and  their  superior  comprcssiliility,  must  be 
referred  \o  a  law  of  their  constitution.  It  is  the  phenomenon 
beginning  to  show  itself  in  a  gas  under  moderate  pressure, 
which  was  obsened  in  all  its  excess  by  Cagnard  de  la  Tour,  in 
the  Tapours  confined  by  him  under  great  pressure,  (page  53.) 

Tliose  gases^  which  exJnbit  this  deviation,  must  occupy  less 
bulk  than  they  ought  to  do  under  the  pressure  of  the  atmosphere 
itself;  which  may  be  the  reason  why  tlie  liquefiable  gases  are 
geoerally  found  by  experiment  to  be  sj>ecifi(!ally  liea%der  than 
tliey  ought  by  theory  to  be. 

Such  are  the  most  remarkable  features  which  gases  exhibit 
in  relation  to  pressure  and  temjierature.  These  properties  are 
iodqiieiident  of  the  specific  weiglits  of  the  gases,  wldch  are  very 
different  in  tlie  various  members  of  the  class,  and  they  are  but 
Ettle  connected  with  the  nature  of  the  particular  substance  or 
nateriai  which  exists  in  the  gaseous  form.  But  when  different 
fvesare  presented  to  each  other,  a  new  property*  of  tlie  gaseous 
rtate  is  develoijcd,  namely  the  forcible  disposition  of  diiferent 
gna  to  intermix,  or  to  diffuse  themselves  through  each  other. 
Una  is  a  property  which  interferes  in  a  great  variety  of  pheiio- 
nena,  and  is  no  less  characteristic  of  tlie  gaseous  state  than  any 
we  liare  considered.  It  may  be  treated  of  under  the  head, 
1*  of  the  diffusion  of  gases  through  each  otlier,  and  2"  of  tiie 
ifilftisian  of  vapours  into  gases,  by  wliieh  is  meant,  the  ascent 
uf  vapours  from  volatile  bodies  into  air  and  other  gases,  of 
vbich  the  spontaneous  evaporation  of  water  into  the  air  is  an 
■ttCitice. 

IM^uMn  of  gmm.  When  a  Ught  and  heavy  gas  are  once 
■Eiied  together,  they  do  not  exhibit  any  tendency  to  separate 
on  standing  at  rest  for  some  time,  differing  in  this 
from  mixed  Uquids,  many  of  which  speedily  sepa- 
Met    and    arrange    themselves  according    to   their   densities, 
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the  lightest  uppermost,  and  the  heaviest  undermost,  as  in  the 
familiar  example  of  oil  and  water,  unless  tliey  have  combined 
together.  This  peculiar  property  of  gases  has  repeatedly  been 
made  the  subject  of  careful  experiment.  Common  air,  for 
instance,  is  essentially  a  mixture  of  two  gases,  differing  in 
weight  in  the  proportion  of  9/6  to  1103,  but  the  air  in  a  tall 
close  tube  of  glass  several  feet  in  length,  kept  upright  in  a 
still  place,  has  been  found  sensibly  the  same  in  composition 
at  the  top  and  bottom  of  the  tube,  after  a  lapse  of  months. 
Hence,  there  ia  no  reason  to  imagine  that  the  upper  strata  of  the 
air  differ  in  composition  from  the  lower;  or  that  a  lighf  gas,  such 
as  hydrogen,  escaping  bito  the  atmosphere  will  rise,  and  ulti- 
mately possess  the  higher  regions;  suppositions  which  liave 
been  made  the  groundwork  of  meteorological  theories  at  dif- 
ferent times. 

The  earliest  observations  we  possess  on  tliis  subject  are 
those  of  Dr,  Priestley,  to  whom  pneumatic  chemistry  stands 
so  much  indebted.  Having  repeated  occasion  to  transmit  a  gas 
through  stoneware  tubes  surrounded  by  burning  fuel,  he  per- 
ceived that  the  tubes  were  porous,  and  that  the  gas  escaped  out- 
wards into  the  fire,  while  at  the  same  time  the  gases  of  the 
fire  penetrated  into  the  tube,  although  the  gas  within  the  tube 
was  in  a  compressed  state. 

Dr.  Dalton,  however,  first  perceived  the  important  bearings 
of  this  property  of  at^rial  bodies,  and  made  it  the  subject  of 
experimental  inquirj%  He  discovered  that  any  two  gases,  al- 
lowed to  communicate  with  each  other,  exhibit  a  positive  ten- 
dency to  mix  or  to  penetrate  tlirough  each  other,  even  in 
^  opposition  to  the  influence  of  their  weight.  Thus,  a 
vessel  containing  a  hght  gas  (hydrogen,)  being  placed 
al)ove  a  vessel  containing  a  hea\^'  gas  (carbonic  acid,) 
and  the  two  gases  allowed  to  communicate  by  a  narrow 
tube,  as  represented  in  the  figure,  an  interchange  speed- 
ily took  place  of  a  portion  of  their  contents,  which  it 
might  have  been  supposed  that  their  relative  position 
would  have  prevented.  Contrary  to  the  solicitation  of 
gravity,  Uie  heavy  gas  continued  spontaneously  to  ascend 
and  the  hght  gas  to  descend,  till  in  a  few  hours  they 
became  peri'ectly  mixed,  and  the  proportion  of  the  two 
gases  was  tlie  same  in  the  upper  and  lower  vessels^ 
This  di.^ipositiori  of  dilJbrent  gases  to  intermix,  appeared 
to  Dr.   Dalton   so   decided    and   strong,    as  to  justify 
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&  inference  that  different  gases  afford  no  resistance  to  each 
odier;  but  that  one  gas  spreads  or  expands  into  the  space 
oocajRed  by  another  gas,  as  it  would  rush  into  a  vacuum.  At 
kast,  that  the  resistance  which  the  particles  of  one  gas  offer 
to  those  of  another  is  of  a  very  imperfect  kind,  to  be  com- 
pared to  the  resistance  which  stones  in  the  channel  of  a 
stream  oppose  to  the  flow  of  running  water.  Such  is  Dr. 
Dihon's  theory  of  the  miscibility  of  the  gases.  (Manchester 
Memcnrs,  vol.  5.) 

In  entering  into  this  inquiry  I  found,  first,  that  gases  difiuse 
into  tbe^  atmosphere  and  into  each  other,  with  different  de« 
greea  of  ease  and  rapidity.  This  was  observed  by  allowing  each 
gas  to  difiuse  firom  a  bottle  into  the  air  through  a  narrow  tube, 
taking  care,  when  the  gas  was  lighter  than  air,  that  it  was 
aDowed  to  escape  from  the  lower  part  of  the  vessel,  and  when 
heavier  from  the  upper  part,  so  that  it  had,  on  no  occasion,  any 
disposition  to  flow  out,  but  was  constrained  to  diffuse  in  op- 
pontion  to  the  effect  of  gravity.  The  result  was,  that  the 
lame  quantity  of  different  gases  escapes  in  times  which  are 
exceedingly  unequal,  but  have  a  relation  to  the  specific  gravity 
of  the  gas.  The  light  gases  diffuse  or  escape  most  rapidly ; 
thus,  hydrogen  escapes  five  times  quicker  than  carbonic  acid, 
which  is  twenty-two  times  heavier  than  that  gas.  Secondly, 
m  the  case  of  an  intimate  mixture  of  two  gases,  the  most 
diffusive  gas  separates  firom  the  ether,  and  leaves  the  receiver 
in  the  greatest  proportion.  Hence,  by  availing  ourselves  of 
the  tendencies  of  mixed  gases  to  diffuse  with  different  degrees 
of  rapidity,  a  sort  of  mechanical  separation  of  gases  may  be 
effected.  The  mixture  must  be  allowed  to  diffuse  for  a  certain 
time  into  a  confined  gaseous  or  vaporous  atmosphere,  of  such 
a  kind  as  may  afterwards  be  condensed  or  absorbed  with 
fadlity.* 

But  the  nature  of  the  process  of  diffusion  is  best  illustrated 
when  the  gases  communicate  with  each  other  through  minute 
pores  or  apertures  of  insensible  magnitude. 

A  singular  observation  belonging  to  this  subject  was  made 
by  Professor  Dobereiner  of  Jena,  on  the  escape  of  hydrogen 
gas  by  a  fissure  or  crack  in  glass  receivers.  Having  occasion  to 
collect  large  quantities  of  that  light  gas,  he  had  accidentally 

•  Qaarterly  Journal  of  Science.  New  Scries,  Vol.  V. 
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made  use  of  a  jar  which  had  a  slis^ht  fissure  in  it.  He  wba 
surprised  to  find  that  the  water  of  the  pneumatic  trough  rose 
into  this  jar,  one  and  a  half  inches  in  12  hours  ;  and  tliat  after 
24  hours,  the  heii^ht  of  the  water  was  two  inches  two  thirds 
above  the  level  of  that  in  the  trough.  During  the  experiment, 
neither  the  height  of  the  barometer,  nor  the  temperature  of 
the  place  had  sensibly  altered,*  He  ascribed  the  phenomenon 
to  capillary  action,  and  supposed  that  hydrogen  only  is  at- 
tracted by  the  fissures,  and  escapes  through  them  on  account 
of  the  extreme  smallness  of  its  atoms.  It  is  unnecessary  to 
examine  this  explanation,  as  Dobereiner  did  not  observe  the 
whole  phenomenon.  On  repeating  the  experiment,  and  varying 
the  circumstances,  it  appeared  to  me  that  hydrogen  never  es- 
capes outwards  by  the  fissure  without  a  certain  portion  of  air 
penetrating  at  the  same  time  inwards,  amounting  to  between 
one-fourth  and  one-fifth  of  the  volume  of  the  hydrogen  which 

'  leaves  the  receiver.  It  was  found  by  an  instrument,  which 
admits  of  much  greater  precision   than   the  fissured  jar,    that 

.  when  hydrogen  gas  communicates  with  air  througli  such  a 
chink,  the  air  and  hydrogen  exhibit  a  powerful  disposition  to 
exchange  places  with  each  other ;  a  particle  of  air,  however, 
does  not  exchange  with  a  particle  of  hydrogen  of  the  same 
magnitude,  but  of  3.83  times  its  magnitude.  We  may  adopt 
the  word  diffusion-volume^  to  express  this  diversity  of  disposi- 
tion in  gases  to  interchange  particles,  and  say  that  the  diffusion- 
volume  of  air  being  1,  that  of  hydrogen  gas  is  3.S3*  Now 
every  gas  has  a  diffusion- volume  peculiar  to  itself,  and  depend- 

ling  upon  its  specific  gravity.     Of  those  gases  which  are  lighter 
air,  the  diffusion-volume  is  greater  than  1,  and  of  those 
which  are  hea\4er,  the  diffusion-volume  is  less  than  1  .f 

Exact  results  are  obtained  by  means  of  a  simple  instru- 
ment, which  may  be  called  a  diffusion  tube,  and  which  is  con- 
structed as  follows.  A  glass  tube,  open  at  both  ends,  is  selected, 
halfau  inch  in  diameter,  and  from  six  to  fourteen  inches  in 
length,     A  cyhnder  of  wood,  somewhat  leas  in  diameter,  is  in- 

•  Anniilp*  dc  Cbiitite  ct  dc  Physiquei  1825. 

^  The  tonthettmtical  r^lntiori  whicli  aiibibts  bctireen  the  difi^usion^voluiney  ami 
the  deniitj  of  agiis  it  esprcstcrd  thus  : 

DiiTusion-roltuiie  —   -.^ 

flier*  d  roprcBcnU  the  «pecific  gravity  of  the  gM. 
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tnxhioed  into  the  tabe^  so  as  to  occupy  the  whole  of  it,  with  the 
exception  of  about  one-fifth  of  an  inch  at  one  extremity,  which 
qnce  is  filled  with  a  paste  of  Pkris  plaster,  of  the  usual  consis- 
tence fior  casts.  In  the  course  of  a  few  minutes  the  plaster  sets, 
and  on  withdrawing  the  wooden  cylinder,  the  tube  forms 
a  receirer,  dosed  by  an  immoveable  plate  of  stucco.  In 
die  wet  state^  the  stucco  is  air-tight ;  it  is  therefore  dried, 
other  by  exposure  to  the  air  for  a  day,  or  by  placing  it 
in  a  temperature  of  200*^  for  a  few  hours;  and  is  thereafter 
found  to  be  permeable  by  gases,  even  in  the  most  humid 
atmoipher^  if  not  positively  wetted.  When  such  a  diflfusion* 
tube,  six  inches  in  length,  is  filled  with  hydrogen  over  mercury. 
Fig.  2»  Fio.  1.      the  diffusion,  or  exchange  of  air 

for  hydrogen,  instantly  com- 
mences through  the  minute  pores 
of  the  stucco,  and  proceeds  with 
so  much  force  and  velocity,  that 
within  three  minutes,  the  mer- 
cury attains  a  height  in  the 
receiver  of  more  than  two  inches 
above  its  level  in  the  trough; 
within  twenty  minutes,  the  whole 
of  the  hydrogen  has  escaped.  In 
conducting  such  experiments  over 
water,  it  is  necessary  to  avoid 
wetting  the  stucco.  With  this 
view,  before  filling  the  diffusion 
tube  with  hydrogen,  the  air  is 
withdrawn  by  placing  the  tu1)e 
upon  the  short  limb  of  an  empty 
syphon,  (see  Figure  l),wliich  does 
not  reach,  but  comes  within  half  an  inch  of  the  stucco,  and 
then  sinking  the  instrument  in  the  water  trough,  so  that  the  air 
escapes  by  the  syphon,  with  the  exception  of  a  small  quantity, 
which  is  noted.  The  diffusion  tube  is  then  filled  up,  either 
entirely  or  to  a  certain  extent,  with  the  gas  to  be  diffused. 

The  ascent  of  the  water  in  tlie  tube,  when  hydrogen  is  dif- 
ftised,  forms  a  striking  experiment.  But  in  experiments  made 
with  the  purpose  of  determining  the  proportion  between  the  gas 
diffused  and  the  air  which  replaces  it,  it  is  necessary  to  guard 
against  any  inequality  of  pressure,  by  placing  the  diffusion  tube 
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in  a  jar  of  water  as  in  Figure  2,  and  filling  the  jar  with  water  in 
proportion  as  it  rises  in  the  tube.* 

In  this  instrument  we  may  substitute  many  other  porous 
substances  for  the  stucco ;  but  few  of  them  answer  so  well. 
Dry  and  soimd  cork  is  very  suitable,  but  permits  the  difPdsion 
to  go  on  very  slowly,  not  being  sufficiently  porous ;  so  do  thin 
slips  of  many  granular  foliated  minerals,  such  as  flexible  mag- 
nesian  limestone.  Charcoal,  woods,  unglazed  earthenware  dry 
bladder,  may  all  be  used  for  the  same  purpose. 

A  slight  deviation  from  the  law  is  observed  in  gases  which 
differ  in  a  certain  physical  property  from  air,  namely^  in  the 
greater  fiicility  with  which  they  may  be  Forced  through  pores  or 
minute  apertures  by  pressure.  A  dissimilarity  between  ;the 
gases,  in  this  respect,  had  long  been  recognized,  although  no 
accun^  experiments  had  been  made  on  the  subject.  It  be- 
came^ however,  necessary  to  examine  this  point.  A  small  bell- 
jar^  with  a  short  neck  and  opening  at  the  top,  was  used^  which 
opening  was  closed  by  a  plate  of  stucco  half  an  inch  in  thick- 
ness, over  which  a  brass  cap  and  stopcock  were  fitted  and  ce- 
mented. This  receiver  was  placed  on  the  plate  of  an  air-pump 
in  perfect  order,  and  exhausted.  When  the  stopcock  was 
closed,  nothing  entered  the  exhausted  receiver ;  but  on  opening 
it,  either  air  entered,  forcing  its  way  through  the  pores  of  the 
stucco,  or  any  gas  which  might  be  conducted  to  it,  by  means  of 
a  flexible  tube  firom  a  proper  magazine.  Gas  was  allowed  to 
enter^  till  it  acquired  a  pressure  of  three  inches,  always  setting 
out  with  air  of  the  tension  of  one  inch  mercury  in  the  receiver. 

The  same  quantity  of  different  gases  entered  in  the  following 
times: 

Air,  dry         .  .  .  .  in  10' 

Air,  saturated  with  moisture,  at  60°  iO' 

Carbonic  acid  ...  10' 

Nitrogen       .  .  .  .  10' 

Oxygen         ....  10' 


*  A  diffusion  experiment  affordi  the  elements  for  calculating  the  specific  graTity 
of  a  gas. 

A\2 


The  specific  gravity  =  ^=;^ 


where  G  is  the  measure  of  gas  submitted  to  diffusion,  and  A  the  measure  of  re- 
turn air.— Edinb.  Phil.  Trans.  Xn,222  ;  or  Phil.  Mag.  3rd  scries,  11,  175. 
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Carbonic  oxide  ...  9^  W 

Okfiantgas  ...  7'  50" 

Coal  gas        ....  7' 

Hydrogen      ....  4' 

Hydrogen^  therefore,  entered  under  pressure  2.4  times,  or 
neuiy  2^  times  quicker  than  air,  while  several  gases  had  the 
same  rate  as  air.  Those  gases  which  percolate  very  easily, 
enter  the  difiusion  instrument  somewhat  in  excess,  particularly 
when  the  plate  of  stucco  is  thin.  The  deviation  is  perceptible 
in  hydrogen,  and  olefiant  gas,  and  is  also  very  sensible  in  coal 
gas  and  carburetted  hydrogen. 

It  can  be  shown,  on  the  principles  of  pneumatics,  that  gases 
should  rash  into  a  vacuum  with  velocities  corresponding  to  the 
numbers  which  have  been  found  to  express  their  diffusion  vo- 
lumes; that  is,  with  velodties  inversely  proportional  to  the 
square  root  of  the  densities  of  the  gases,  llie  law  of  the  diff^u- 
sion  of  gases  has  on  this  account  been  viewed  by  my  friend, 
Mr.  T.  S.  Thomson,  of  Clitheroe,  as  a  confirmation  of  Dr.  Dal* 
ton's  theory,  that  gases  are  inelastic  towards  each  other.* 
It  must  be  admitted  that  the  ultimate  result  in  diffusion  is  in 
strict  accordance  with  Dalton's  law,  but  there  are  certain 
drcnmstances  which  make  me  hesitate  in  adopting  it  as  a  true 
representation  of  the  phenomenon,  although  it  affords  a  conve- 
nient mode  of  expressing  it.  1.  It  is  supposed,  on  that  law, 
that  when  a  cubic  foot  of  hydrogen  gas  is  allowed  to  communi- 
cate with  a  cubic  foot  of  air,  the  hydrogen  expands  into  tiie 
space  occupied  by  the  air,  as  it  would  do  into  a  vacuum,  and 
becomes  two  cubic  feet  of  hydrogen  of  half  density.  The  air, 
on  the  other  hand,  expands  in  the  same  manner  into  the  space 
occupied  by  the  hydrogen,  so  as  to  become  two  cubic  feet  of  air 
of  half  density.  Now  if  the  gases  actually  expanded  through 
each  other  in  this  manner,  cold  should  be  produced,  and  the 
temperature  of  the  mixed  gases  should  fall  40  or  45  degrees.  But 
not  the  slightest  change  of  temperature  occurs  in  diffusion,  how- 
ever rapidly  the  process  is  conducted.  2.  Although  the  ultimate 
result  of  difiusion  is  always  in  conformity  with  Dalton's  law, 
yet  the  difinsive  process  takes  place  in  different  gases  with  very 
different  d^rees  of  rapidity.    Thus,  the  external  air  penetrates 

•  Phil.  Mag.  3rd  series,  IV,  321. 


I 


76  VAPORIZATION.  ^^^^^^^^ 

into  a  diffusion  tube  with  velocities  denoted  by  the  following 
nurabers,  1277?  ^23,  302,  according  as  the  diffusion  tube  id 
filled  with  liydrogen,  with  carbonic  acid,  or  with  chlorine  ga^ 
NoWj  if  tlie  air  were  rushing  into  a  vacuum  in  all  these  cases, 
why  should  it  not  always  enter  it  with  the  same  velocit\^  ?. 
Something  more,  therefore,  must  be  assumed  than  that  gasea 
are  vacua  to  each  otlier,  in  order  to  explain  the  whole  phe- 
nomena observed  m  diffusion. 

Passage  of  gases  through  membranes.  In  coimexion  mth 
diffusion,  the  passage  of  gases  through  humid  membranes 
may  be  noticed.  If  a  bladder^  half  filled  with  air,  with  its  mouth 
tied,  be  passed  up  into  a  large  jar  filled  with  carbonic  acid 
gas,  standing  over  water^  the  bladder,  in  the  course  of  twenty- 
four  hours  becomes  greatly  distended,  by  the  insinuation  of  the 
carbonic  acid  through  its  substance,  and  may  even  burst,  while 
a  very  little  air  escapes  outwards  from  the  bladder.  But  this  is 
not  simple  diffusion,  Tlie  result  depends  upon  two  circum- 
stances ;  first,  upon  carbonic  acid  being  a  gas  easily  liquefied 
by  the  water  in  tlie  substance  of  the  membrane, — the  carbonic 
acid  penetrates  the  membrane  as  a  liquid  ;  secondly,  this  Uquid 
is  in  the  highest  degree  volatile,  and,  therefore,  evaporates  very 
rapidly  from  the  mner  surface  of  the  bladder  into  tlie  air  con 
fined  in  it»  The  air  in  tlie  bladder  comes  to  be  expanded  in 
tlie  same  manner  as  if  ether  or  any  other  %^olatile  fluid  ^-as  ad- 
mitted into  it.  The  phenomenon  was  observed  by  Dalton  in 
its  simplest  form.  Into  a  very  narrow  jar,  half  filled  wHth 
carbonic  acid  gas  over  water,  he  admitted  a  little  air.  The 
air  and  gas  were  accidentally  separated  by  a  water  bubble, 
and  thus  prevented  from  intermixing*  But  the  carbonic  gas 
immediately  began  to  be  hquefied  by  the  film  of  water,  and 
passing  through  it,  evaporated  into  the  air  !)elow.  The  air 
w*as  in  this  way  gradually  expanded,  and  tlie  water  bubble  as- 
cended in  the  tul^e.  Here  the  particular  phenomenon  in  ques- 
tion was  observ^ed  to  take  place,  l>ut  without  the  intervention  of 
membrane.  It  is  to  be  remembered  that  the  thinnest  film  of 
water  or  any  liquid  is  absolutely  impermeable  to  a  gas  as  such. 

In  the  experiments  of  Drs,  Mitchell  and  Faust  and  others,  in 
which  gases  passed  through  a  sheet  of  caoutchouc,  it  is  to  be 
supposed  that  the  gases  were  always  liquefied  in  that  substance^ 
and  penetrated  through  it  in  a  fluid  form.  Indeed  few  bodies 
are  more  remarkable  than  caoutchouc  for  the  avidity  with  which 
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inf  imbibe  wioos  Hqnids.  The  absorption  of  ether,  of  napthi, 
afoilof  turpentine,  which  soften  the  substance  of  the  caout- 
chouc, without  dissolring  it,  may  be  referred  to.  It  is  likewise 
always  those  gases  which  are  more  easily  hquefied  by  cold  or 
pressure  that  pass  most  readily  through  both  caoutchouc  and 
humid  membranes.  Dr.  Mitchell  found  that  the  time  required 
for  the  passage  of  equal  volumes  of  different  gases,  through 
the  same  membrane,  was 

1     minute,  with  ammonia. 

2i  minutes,  with  sulphuretted  hydrogen. 

Si  „  cyanogen. 

5i  „  carbonic  acid. 

6i  ,,  nitrous  oxide. 

27i  „  arsenietted  hydrogen. 

28  „  olefiant  gas. 

37i  „  hydrogen. 

113  „  oxygen. 

160  „  carbonic  oxide, 

sad  a  much  greater  time  with  nitrogen. 

Diffimon  of  Vapour$  into  airy  or  ipontaneouM  evaporatum. 
Volatile  bodies,  such  as  water,  rise  into  air  as  well  as  into  a 
Tacuum,  and  obviously  according  to  the  law,  by  which  gases 
diffuse  through  each  other.  Thus  if  a  small  quantity  of  the 
Tolatile  liquid  ether  be  conveyed  into  two  tall  jars  standing  over 
water^  one  half  filled  with  air,  and  the  other  with  hydrogen  gas, 
the  air  and  hydrogen  immediately  begin  to  expand,  from  the 
ascent  of  the  ether-vapour  into  them,  and  the  two  gases  in  the 
end  have  their  volume  increased  exactly  in  the  same  propor- 
tion. But  the  hydrogen  gas  undergoes  this  expansion  in  half 
the  time  that  the  air  requires ;  that  is  to  say,  ether-vapour  fol- 
lows the  usual  law  of  diffusion  in  penetrating  more  rapidly 
tlirough  the  lighter  gas. 

We  are  indebted  to  Dr.  Dalton  for  the  discovery  that  the 
evapoialioii  of  water  has  the  same  limit  in  air  as  in  a  vacuum. 
Indeed  the  quantity  of  vapour  from  a  volatile  body  which  can 
rise  into  a  confined  space,  is  exactly  the  same,  whether  tiiat 
space  be  a  vacuum,  or  abrc»dy  filled  with  any  air  or  gas,  in  any 
state  <tf  rare&ction  or  coodensatioiu  llie  vapour  rises  and  adds 
its  own  elastic  force,  such  as  it  exhibits  in  a  vacuum,  to  the 
elastic  force  of  the  other  gases  or  vapours  already  occupying 
the  same  space.    Hence,  it  is  only  necessary   to  know  what 
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quantity  of  any  vapour  rises  into  a  vacuum  at  any  particular 
temperature ; — the  same  quantity  rises  into  air.  Thus  the  vapour 
from  water,  which  rises  into  a  vacuum  at  80%  depresses  die 
mercurial  column  one  inch,  or  its  tension  is  one  thirtieth  of  the 
usual  tension  of  the  air.  Now,  if  water  at  80^  be  admitted  into 
dry  air,  it  will  increase  the  tension  of  that  air  by  1 — 30th,  if 
the  air  be  confined;  or  increase  its  bulk  by  1— -SOth  if  the 
air  be  allowed  to  expand. 

The  spontaneous  evaporation  of  water  into  air  is  much  af- 
fected by  three  circumstances :  lo.  the  previous  state  of  dry- 
ness of  the  air,  for  a  certain  fixed  quantity  only  of  vapour  can  rise 
into  air,  as  much  as  into  the  same  space  if  vacuous ;  and  if  a 
portion  of  that  quantity  be  already  present  so  much  the  less 
will  be  taken  up  by  the  air ;  and  no  evaporation  whatever  takes 
place  into  air  which  contains  this  fixed  quantity,  and  is  already 
saturated  with  humidity.  2^.  By  warmth,  for  the  higher  the  tem- 
perature the  more  considerable  is  the  quantity  of  vapour  which 
rises  into  any  accessible  space.  Thus  water  emits  so  much 
vapour  at  400  as  expands  the  air  in  contact  with  it  1 — 114th 
part,  and  at  60o  as  much  as  expands  air  1 — 57th  part,  or 
double  the  quantity  emitted  at  the  lower  temperature.  Hence, 
humid  hot  air  contains  a  much  greater  portion  of  moisture  than 
humid  cold  air.  S"*.  The  evaporation  of  water  is  greatly  quick- 
ened by  the  removal  of  the  incumbent  air  in  proportion  as  it 
becomes  saturated ;  and  hence  a  current  of  air  is  exceedingly 
favourable  to  evaporation. 

When  air  saturated  with  humidity  at  a  high  temperature  is 
cooled,  it  ceases  to  be  able  to  sustain  the  large  portion  of 
vapour  which  it  possesses,  and  the  excess  assumes  the  Uquid 
form,  and  precipitates  in  drops.  Many  familiar  appearances 
depend  upon  the  condensation  of  the  vapour  in  the  atmosphere. 
When  a  glass  of  cold  water,  for  instance,  is  brought  into  a. 
warm  room,  it  is  often  quickly  covered  with  moisture.  The  air 
in  contact  with  the  glass  is  chilled,  and  its  power  to  retain 
vapour  so  much  reduced  as  to  occasion  it  to  deposit  a  portion 
upon  the  cold  glass.  It  is  from  the  same  cause  that  water  is  often 
seen  in  the  morning  running  down  in  streams  upon  the  inside 
of  the  glass  panes  of  bed-room  windows.  The  glass  has  the  low 
temperature  of  the  external  air,  and  by  contact  cools  the  warm 
and  humid  air  of  the  apartment  so  as  to  occasion  the  precipi- 
tation of  its  moisture.     Hence  also,  when  a  warm  thaw  follows 
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lAer  fiosty  thick  stone  walls  which  continue  to  retain  their  low 
toBperature^  are  covered  by  a  profusion  of  moisture. 

EygrmmeierM.  As  water  evaporates  at  all  temperatures,  how- 
ever  low,  the  atmosphere  cannot  be  supposed  to  be  ever  en- 
tirdy  destitute  of  moisture.  The  proportion  present  varies 
with  the  temperature,  the  direction  of  the  wind,  and  other 
drcumstancses,  but  is  generally  greater  in  summer  than  in 
wmter*  There  are  various  means  by  which  the  moisture  in 
the  air  may  be  indicated  and  its  quantity  estimated,  affording 
pxnciples  for  the  construction  of  different  hygroscopes  or  hy- 
grometers. 

1st.  Many  solid  substances  swell  on  imbibing  moisture,  and 
contract  again  on  drying,  such  as  wood,  parchment,  hair, 
and  most  dry  organic  substances.  The  hygrometer  of  Deluc 
consisted  of  an  extremely  thin  piece  of  whalebone,  which 
in  expanding  and  contracting  moved  an  index.  The  prin- 
ciple of  this  instrument  is  illustrated  in  the  transparent 
ilttrings  of  whalebone  cut  into  figures,  which  bend  and  crumple 
op  when  laid  upon  the  warm  hand.  Saussure  made  use  of 
hunsn  hair  boiled  in  caustic  ley,  as  a  hygrometric  body,  and 
it  appears  to  answer  better  than  any  other  substance  of  the 
dias.  Instruments  of  this  kind  are  graduated  experimentally 
^  observations  made  on  |dacing  them  in  air  kept  at  a  known 
^^ofdrynesH  by  the  presence  of  deliquescent  salts.  But  all 
^  instruments  alter  in  their  indications  after  a  time,  and 
be  viewed  as  hygroscopes  rather  than  hygrometers. 

2ndly.  Tlie  degree  of  dryness  of  the 
air  may  be  judged  of  by  the  rapidity  of 
evaporation.  Leslie  made  use  of  his 
differential  thermometer  as  a  hygro- 
meter, covering  one  of  the  bulbs  with 
muslin,  and  keeping  it  constantly 
moist  by  means  of  a  wet  thread  from 
a  cup  of  water  placed  near  it.  The 
evaporation  of  the  moisture  cools  the 
ball  and  occasions  the  air  in  it  to 
contract.  This  instrument  gives  use- 
ful information  in  regard  to  tlie  rapi- 
dity of  evaporation,  or  the  drying 
power  of  the  air,  but  docs  not  indi- 
cate directly  the  quantity  of  moisture 
in  the  air.    Tlie  wet-bulb  hygrometer 
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more  commonly  ased,,  acts  on  the  same   principle,  but 

sists  of  two  similar  and  %'ery  delicate  mercurial  thermome* 
ters,  the  bulb  of  one  of  which  a  is  kept  constantly  moist, 
while  the  bulb  of  the  other  b  is  dry.  The  wet  thermometer 
alw^ays  indic^ites  a  lower  temperature  than  the  Aty  one,  unless 
when  the  air  is  fully  saturated  with  moisture  and  no  eva- 
poration from  the  moist  bulb  takes  place.  In  making  au 
observation,  the  instrument  is  generally  placed,  not  in  absolutely 
still  air,  but  in  an  open  window  where  there  is  a  shght  draft. 

Srdly.  The  most  simple  mode  of  ascertaining  the  absolute  quan* 
tity  of  vapour  in  the  air,  is  to  cool  the  air  gradually,  and  note  the 
degree  of  temperature  at  which  it  begins  to  deposit  moisture,  or 
ceases  to  be  capable  of  sustaining  the  whole  quantity  of  vapour 
which  it  possesses.  The  air  is  saturated  wnth  vapour,  for  this 
particular  de^ee  of  temperature,  which  is  called  its  dew-point* 
The  saturating  quantity  of  vapour  for  the  degree  of  temperature 
indicated,  may  then  be  learned  by  reference  to  a  table  of  the 
tension  of  the  vapour  of  w^ater  at  different  temperatures,*  It  is 
the  absolute  quantity  of  vapour  which  the  air  at  the  time  of  the 
obsen'ation  possesses.  The  dew-point  may  be  ascertained 
most  accurately  by  exposing  to  the  air  a  thin  cup  of  silver  or 
tin-plate  containing  water  so  cold  as  to  occasion  the  conden- 
sation of  dew  upon  the  metallic  surface.  The  water  in  the 
cup  is  stirred  with  the  bulb  of  a  small  thermometer,  and  «i 
the  temperature  gradually  rises,  the  degree  is  noted  at  which 
the  dew  disappears  from  the  surface  of  the  vessel.  The  tem- 
perature at  w  hich  this  occurs  may  be  taken  as  the  dew-point 
Water  may  always  be  cooled  sufficiently  in  summer,  to  answer 
for  an  experiment  of  this  kind  by  dissolving  pounded  sal-am- 
moniac in  it. 

Tlie  dew  point  may  be  observed  much  more  quickly  by  means 
of  the  elegant  hygrometer  of  Professor  Daniell.t  Tliis  inastru- 
mcnt  (see  Figure)  consists  of  two  balLs^  connected  by  a  syphon 
and  containing  a  quantity  of  ether,  from  which  the  air  ha:i 
been  expelled  by  the  same  me^ns  as  in  the  cryophorus  of 
jl>r.  WoUaston,  (page  6iJ).  One  of  the  arms  of  the  syphon 
tube  contains  a  small  thermometer,  with  its  scale^  which 
should  be  of  white  enamel ;  the  bulb  of  the  thermometer  de- 


•  Strch  n  uIj!<»  will  W  pivcn  in  in  Apfw^adix. 
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soends  into  the  ball  *,  at  the  extremity  of 
this  arm,  and  is  placed,   not  in  the  centre 
of  the  ball,  but  as  near  as  possible  to  some 
point  of  its  circumference.     A  zone  of  this 
ball  is  gilt  and  burnished,  so  that  the    de- 
position  of  dew    may  easily  be  perceived 
upon  it    The  other  ball  «,  is  covered  with 
muslin.     When    an    observation   is   to   be 
made,  this  last  ball  is  moistened  with  ether 
which  is  supplied  slowly  by  a  drop  or  two 
at  a  time.  It  is  cooled  by  the  evaporation  of 
the  ether  and  becomes  capable  of  condensing 
the  vapour  of  the  included  fluid,  and  there- 
by occasions   evaporation    in  the  opposite 
btD  if  containing  the  thermometer.     Tlic  temperature  of  the 
btD  b,   should  be  thus  reduced  in  a  gradual  manner,  so  that 
the  degree  of  the  thermometer  at  which  dew  begins  to  be  depo- 
i^ed  on  the  metallic  part  of  the  surface  of  the  baU  may  lie  ob- 
lerved  with  precision.    The  temperature  of  b  being  thereafter 
aflowed  to  rise,  the  degree  at  which  the  dew  disappears  fnim 
its  sor&oe  may  likewise  be  noted.     It  should  not  differ  much 
from  the  temperature  of  the  deposition,  and  will  prol)ably  give  the 
dew  point  more  correctly,  although,  strictly  speaking,  the  mean 
between  the  two  observations  should  be  the  true  dew  point.     It 
is  convenient  to  have  a  second  thermometer  in  the  pillar  of 
the  instrument,  for  observing  the  temperature  of  tlie  air  at  the 
time. 

A  less  expensive  instrument  is  constructed  by  Mr.  Jones  of 
London^  which  appears  to  indicate  the  dew  point  with  tolcmble 
accuracy.  It  consists  of  a  delicate  mercurial  thermometer,  of 
which  the  whole  bulb,  with  the  exception  of  alK)ut  one-fourth  of 
its  surface,  is  covered  with  muslin.  The  bulb  is  cooled  by  the 
apidication  of  ether  to  the  coated  surfisu^e,  and  the  temperature 
observed  at  which  dew  first  makes  its  appearance  upon  the 
naked  part  of  the  bulb.  Mr.  Foggo,  of  Leitii,  finds  the  indica- 
tions of  this  instrument  to  be  trustworthy,*  but  a  preference  is 
given,  by  most  observers,  to  the  original  instrument  of  Daniell. 
The  indications  of  the  wet-bulb  hygrometer  first  described  are 
discovered  by  simple  inspection.     It  is,  therefore,  a  problem  of 


*  Drcwster^s  Journal,  VII,  36. 
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the  greatest  importaTice  in  deduce  from  them  the  dew  point,  or 
the  tension  of  the  vapour  in  the  air,  by  an  eiisy  rule.  Could 
this  inference  be  made  with  certainty,  the  wet-bulb  hygrometer 

j  is  so  commodious  that  it  would  supersede  all  others.  I  shall 
place  below  the  formula  of  Dr.  August,  which  after  coustant 

'  application  for  the  last  ten  years,  has  received  the  general 
sanction  of  the  philosophers  of  Berlin.  It  was  employed  by 
Humboldt  and  G.  Ilose  in  their  recent  expedition  to  Siberia,  and 
(as  I  was  assured  by  the  latter)  with  excellent  effect.* 

In  evaporating  l>y  means  of  hot  air,  as  in  drpng  goods  in 
ordinary  bleachers^  stove,  which  is  heated  by  flues  from  a 
carried  along  the  floor,  it  should  be  kept  in  mind  that  a  cer- 
tain time  must  elapse  before  air  is  saturated  with  humidit 
Mr.  Daniell  has  observed  that  a  few  cubic  inches  of  dry  air  con 


*  Dr.  Augaaf  i  ^ormuU  for  deducing  the  tension  of  vapoDr  in  the  &ir  from  tlie 
temperature  indicated  by  a  wet  and  dry  tfaermo meter  : 

Let  4-  ^  the  tcDsion  of  vapour  in  the  atmosphere,  expressed  in  Pirisiin  Uoes, 
to  be  fouad. 

cf  ^=  tension  of  raponr  at  the  temperature  iodicated   hj  the  wet  thermo^ 
nicter,  in  Fttrbian  lines,  taken  from  a  titblc. 

I  =  the  temperature  of  the  dry  thermometer,  by  Reaamur'i  acAle* 
i*  :=:  temperature  of  wet  thercnometerf  by  tbe  »ame  scale. 
&  =  the  height  of  the  barometer  in  Pamtan  lines,  the  normal  height  being 
336  littea. 
Then,  for  temperatnrea  aboTe  zero  Reaumur, 

J.  =  e'  —  4  (/—/')  —  0.00 1 1  (33S— «).(*— ^) 
Far  temperalurea  below  lero  Reanmur» 

s=  e'  —  J(/— i')— O.001  (336— *).(!— <0 
Thii  formuk  it  Tery  titnpk  in  ita  appUcatton,  ai  will  be  seen  by  m  pvticokr 
example. 

Profeaaor  Erman  made  the  following  obserrattoa*  May  20 »  1827»  2)  A.M. 
Dry  thermometer,  19'.  1  Reaumar. 
Wet  thermometer,  1 1 ".  1         ,» 
Difference  of  temperature^  8  degrees. 
Tbe  tension  of  rapour  at  1 1".!   is  55C  Pansian  lines  ;  from  which  subtract  |  of 
tlie  difference  of  teropcrature,  which  in  this  case  is  the  number  3.00.   The  subtrac- 
tion gires  2.56  Parisian  lines.     But  the  barometer  stood  2  lines  higher  than  .156} 
there  is  therefore  0.0022  X  8  ==  0.02,  to  sobtrnct   from   2.56 1  which  giirei  2.54 
Parisian  linea  as  the  tension  of  the  vapour  in  the  air  at  the  time  of  obsenration. 
The  abore  formal v  are  deduced  from  the  expressions 

0,558  r/—f«>» 

'=^-       572-1*     * 
where  512  is  the  latent  beat  of  rapour  at  0"  Reaumur.— ft?(f^  die  FortifAriiie 
ikr  iiygromeirief  ron  Dr.  E.  F,  Avguit,  Berlin  18300 
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tinae  to  expand  far  an  hour  or  two^  when  exposed  to  water  at 
die  temperature  €£  the  air.    At  high  temperatures,  the  diffusion 
of  ¥i4poiir  into  air  is  more  rapid  ;  but  still  it  is  not  at  all  instan- 
tineoQS.     Henoe,  in  such  a  drying  stove^  means  ought  to  be 
taken  to  repress  rather  than  to  promote  the  exit  of  the  hot 
air;  oCfaervrise  a  loss  of  heat  will  be  occasioned  by  the  escape 
of  the  air,  before  it  is  saturated  with  humidity.    The  greatest 
adfantage  has  been  derived  firom  closing  such  a  stove  as  per- 
fectly as  poasible  at  the  top,  and  only  opening  it  after  the  goods 
«e  dried  and  about  to  be  removed,  in  order  to  allow  of  a  re- 
aeval  of  the  air  in  the  chamber  between  each  operation.     In 
eraporating  water  by  heated  air,  the  vapour  itself  carries  off 
exactly  the    same  quantity  of  heat  as  if  it  were  produced  by 
boiling  the  water  at  212^^  while  the  air  associated  with  it  like- 
wise requires  to  hare  its  temperature  raised^  and  therefore  occa- 
sions an  additional  consumption  of  heat.     Hence  water  can 
never  be  evaporated  by  air  in  a  drying  stove  with  so  small  an 
eipenditare  of  fuel  as  in  a  dose  boiler. 

When  bodies  to  be  dried  do  not  part  with  their  moisture 
fiedy,  but  in  a  gradual  manner,  as  is  the  case  with  roots,  and 
most  organic  substances,  the  hot  air  to  dry  them  may  be  greatly 
economized  by  a  particular  mode  of  applying  it,  which  is  prac- 
tised in  the  madder-stove.    The  principle  of  this  drying  stove 

is  illustrated  by  the  annexed  fi- 
gure, in  which  a  b  represents  a 
tight  cham1)er,  ha\4ng  two  open- 
ings,  one  near  the  roof,  by  which 

^ .  hot  air  is  admitted  into  the  cham- 

■i^K^^'I^^^^  I        ber,  and  another  at  the  bottom, 

t^R       ^^  —^  ^    by  which  the  air  escapes  into  the 

tall  chimney  c.  The  chamber 
contains  a  series  of  stages,  from 
the  floor  to  .  the  roof,  on  the 
lowest  of  which  sacks,  half  filled 
5  with    the    damp    madder   roots, 

sre  first  placed.  In  proportion  as  the  roots  dry,  the  bags  are 
raised  from  stage  to  stage,  till  tliey  arrive  at  the  highest  stage, 
where  they  are  exposed  to  the  air  when  hottest  and  most  des- 
iccating. As  the  dried  roots  are  removed  from  the  top,  new 
roots  are  introduced  below,  and  passed  through  in  the  same 
manner.    Here  the  dry  and  hot  air,  after  taking  all  the  moisture 
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which  die  roots  on  the  highest  stage  will  part  with^  descends 
and  is  still  capable  of  abstracting  a  second  quantity  of  moisture 
from  the  roots  on  the  next,  and  so  on,  as  it  proceeds,  till  it 
passes  away  into  the  chimney  absolutely  saturated  with  mois^ 
ture,  after  having  reached  the  bottom  of  the  chamber. 

It  is  frequently  an  object  to  dry  a  small  quantity  of  a  sub- 
stance most  completely  (such  as  an  organic  substance  for  analy-^ 
sis)  at  some  steady  temperature,  such  as  212®.  This  is  effected 
by  the  following  simple  and  elegant  arrangement  contrived  by 
M.  Liebig.  The  substance  to  be  dried  is  introduced^  (vo.  Urn 
state  of  a  powder  if  possible)  into  a  short  glass  cylinder  m, 
which  may  be  three  inches  in  length,  and  one  and  a  half  inch  in 
diameter,  or  any  other  convenient  size,  and  of  which  the  two 
ends  are  terminated  by  open  tubes,  bent  as  represented  in  the 
figure.    The  vessel  a  is  inunersed  in  a  water-bath  b,  which  may 


==«M^^ 


be  kept  boiling  by  a  lamp  below.  One  of  the  tubes  from  a  is 
connected  by  means  of  a  short  caoutchouc  tube  with  the  upper 
stopcock  #,  of  a  gas-holder  ^,  or  any  similar  vessel,  filled  with 
water.  The  lower  opening  A,  of  the  gas-holder  is  left  open,  so 
that  water  can  escape  by  it  in  proportion  as  air  is  admitted  by  #, 
which  air  must  pass  through  a.  The  other  tube  firom  a  is  con- 
nected with  a  wide  glass  tube  c,  of  eight  or  ten  inches  in  lengthy 
containing  firagments  of  ftised  chloride  of  calcium,  in  passing 
through  which  the  air  is  deprived  of  all  moisture  before  it 
reaches  the  substance  in  a.  A  regulated  current  of  absolutely 
dry  air  at  2120  may  thus  be  conducted  over  the  substance  to  be 
dried. 
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It  is  convenient  to  adopt  the  material  theory  of  heat  in  con- 
■deiing  its  accumalation  in  bodies,  and  in  expressing  quantities 
«f  heat  and  the  relative  capacities  of  fiodies  fur  heat.  Indeed 
eterytbing  relating  to  the  absorption  of  heat  suggests  the  idea 
of  Its  substantial  existence ;  for  heat,  unlike  light,  is  never  ex- 
tinguished when  it  falls  upon  a  body,  but  is  either  reflected  and 
Bay  be  &ither  traced,  or  is  absorbed  and  accumuUted  in  the 
body,  and  may  again  be  derived  from  it  without  loss.  But  tlie 
mechanical  phenomena  of  heat,  which  resemble  those  of  light, 
may  be  explained  with  equal  if  not  greater  advantage  by  assuming 
an  undulatory  theory  of  heat,  corresponding  with  the  undulatory 
dieoryof  light.  A  peculiar  imponderable  medium  or  ether  is 
supposed  to  pervade  all  space,  through  which  undulations  are 
{ffopagated,  that  produce  the  impression  of  heat  A  hot  radiant 
body  b  a  body  possessing  the  faculty  to  originate  or  excite  such 
undulations  in  the  ether  or  medium  of  heat,  which  spread  on 
all  sides  around  it,  like  the  waves  from  a  pebble  thrown  into  still 
water.  Sound  is  propagated  by  waves  in  this  manner,  but  the 
medium  in  which  they  are  generally  produced,  or  the  usual 
vehicle  of  sound,  is  the  air ;  and  all  the  experiments  on  the 
reflection  and  concentration  of  heat,  by  concave  reflectors,  may 
be  imitated  by  means  of  sound.  TIius  if  a  watch  be  placed  in  the 
focus  of  one  of  a  pair  of  conjugate  reflecting  mirrors,  the  ift-aves 
of  air  occasioned  by  its  beating  emanate  fn)m  the  focus,  strike 
against  the  mirror,  and  arc  reflected  from  it,  so  as  to  break 
apon  the  hce  of  tlie  opposite  mirror,  are  concentrated  into  its 
focus,  and  communicate  the  impression  of  sound  to  an  ear 
placed  there  to  receive  it.  Tlie  transmission  of  heat  frum  the 
focus  of  one  mirror  to  the  focus  of  the  other  may.easily  l)e  con- 
crived  to  be  the  propagation  of  similar  undulations  through 
another  and  diflierent  medium  from  air,  but  coexisting  in  the 
same  space. 

In  adopting  the  material  theory  of  heat,  we  are  under  the  ne- 
cessity of  assuming  that  tliere  are  different  kinds  of  hejit,  some 
of  which  are  capable  of  i>assing  through  ^lass,  s\iv\\  as  the  heat 
of  the  sun,  while  others,  such  as  that  radiating  from  the  hand, 
are  entirely  intercepted  by  glass.    But  on  the  undulatory  tlieory. 
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the  different  proj^erties  of  heat  are  referred  to  differences  in 
the  size  of  the  waves,  as  the  differences  of  colour  are  accounted 
for  in  li^ht-  Heat  of  the  liigher  degrees  of  intensity,  however, 
admits  of  a  kind  of  degradation,  or  conversion  into  heat  of  Ioth^t 
intensity,  to  which  we  have  nothing  parallel  in  the  case  of  light* 
Thus  when  the  calorific  rays  of  the  suDj  wliich  are  of  the  highest 
intensit)',  pass  through  glass,  and  strike  a  black  wall,  they  are 
absorbed,  and  appear  immediately  afterwards  radiating  from  the 
heated  wall,  as  heat  of  low  hitensity,  and  are  no  longer  capable 
of  passing  through  glass.  It  is  as  yet  an  insoluble  problem  to 
reverse  the  order  of  this  change,  and  convert  heat  of  low  into 
heat  of  high  intensity*  We  observe  the  same  degradation  of 
heat,  or  loss  of  intensity,  in  condensing  steam  in  distillation. 
The  wliole  heat  of  the  steam,  both  latent  and  sensible,  is  trans- 
ferred without  loss  in  tliat  process,  to  perhaps  fifteen  times  as 
much  condensing  water ;  but  the  intensity  of  the  heat  is  reduced 
from  2120  to  perhaps  IWf  Falir.  The  heat  is  not  lost;  for  the 
fifteen  parts  of  water  at  100°  are  capable  of  melting  as  much  ice 
as  the  original  steam.  But  by  no  quantity  of ''this  heat  at  lOO* 
can  temperature  be  raised  above  that  degree :  we  have  no  meai 
of  giring  it  intensity. 

If  heat  of  low  is  ever  changed  into  heat  of  high  intensity,  it 
is  in  the  compression  of  gaseous  bodies  by  mechanical  means. 
Let  steam  of  half  the  tension  of  the  atmosphere^  produced  at 
180°j  in  a  space  other\^'ise  vacuous,  be  reduced  into  half  its 
volume,  by  doubling  the  pressure  upon  it,  and  its  temperature 
will  rise  to  21 2**,  If  the  pressure  be  again  doubled,  the  tempe^ 
rature  will  become  250^,  and  the  whole  latent  heat  of  the  steam 
will  now  possess  that  high  intensity.  When  air  itself  is  rapidly 
compressed  in  a  common  syringe,  wc  have  a  remarkable  conver- 
sion of  heat  of  low  into  heat  of  very  high  intensit)^ 

It  may  be  imagined  that  the  elevation  of  temperature  pro- 
duced in  the  friction  of  hard  bodies  has  a  similar  origin ;  that  it 
residts  from  the  conversion  of  heat  of  low  intensity,  which  the 
bodies  rubbed  together  possess,  into  heat  of  high  intensity* 
But  it  would  be  necessary  further  to  suppose  that  a  supply  of 
heat  of  low  intensity  to  the  bodies  rubbed  can  be  endlessly  kept 
up,  by  conduction  or  radiation,  from  rontiguou.s  bodies,  as  there 
appears  to  be  no  limit  to  the  production  of  heat  by  means  of 
friction. 

Count  Rumford,  by  boring  a  cylinder  of  cast  iron,  nosed  ih 
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tempentare  of  sereral  pounds  of  cold  water  to  tlie  boiling  point. 
Sr  H.  Dmyy  succeeded  in  melting  two  pieces  of  ice  in  the 
Tacoum  of  an  air  pump,  by  making  them  rub  agunst  each  other, 
while  the  temperature  of  the  air  pump  itself  and  the  surrounding 
atmosphere  was  below  32*^.  M.  Haldot  obser\'ed  that  when  the 
mAce  of  the  rubber  was  rough,  only  half  as  mudi  heat  ap- 
peared as  when  the  rubber  was  smooth.  Wlien  the  pressure  of 
the  rubber  was  quadrupled,  the  proportion  of  heat  evolved  was 
increased  seven  fold.  When  the  rubbing  apparatus  i^-as  sur- 
rounded by  bad  conductors  of  heat,  or  by  non-conduct4)rs  of 
dectridty,  the  quantity  of  heat  evolved  was  diminished.*  Nu 
heat  whatever  is  produced  by  the  friction  of  fluids  upon  each 
odier,  or  upon  solids ;  nor  by  die  friction  of  gases  upon  liquids 
(ST  solids. 

One  other  point  only  connected  with  the  nature  of  heat  re- 
mains, to  which  there  is  at  present  occasion  to  aUude — the 
existence  of  a  repulsive  property  in  heat  Such  a  repulsive 
power  in  heated  bodies  is  inferred  to  exist  from  the  appearance 
of  extreme  mobility  which  many  fine  powders  assume,  such  as 
precipitated  silica,  on  being  heat^  nearly  to  redness.  Mr.  Forbes 
also  attributes  to  such  a  repulsion  the  vibrations  which  take 
pboe  between  metals  unequally  heated,  and  the  production  of 
tones,  to  which  aUusion  has  already  been  made.  But  this  re- 
polnve  power  was  rendered  conspicuous,  and  even  measurable, 
by  Mr.  Powell,  in  the  case  of  glass  lenses,  of  very  sUght  con- 
vexity, pressed  together.  On  the  appUcation  of  heat,  a  separa- 
tion of  the  glasses,  through  extremely  small  but  finite  s|>accsy 
was  indicated  by  a  change  in  the  tints  which  appear  l)et\i'een  the 
lenses,  and  which  depend  upon  the  tliickness  of  the  included 
plate  of  air.  This  repulsion  between  heated  surfaces  appears  to 
be  promoted  by  whatever  tends  to  the  more  rapid  communi- 
cation of  heat.t 

•  Nicbolson^t  Journal,  XXVI,  30. 
t  PhiL  Trau.  1834,  p.  485. 
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CHAPTER    11. 

LIGHT. 

Thr  mechanical  properties  of  light  constitute  the  science  of 
optics^  and  belong,  therefore,  to  physics,  and  not  to  chemistry. 
But  it  may  be  useful,  by  a  short  recapitulation,  to  recal  them  to 
the  memory  of  the  reader. 

1.  The  rays  of  light  emanate  with  so  great  velocity  firom  the 
sim,  that  they  occupy  only  7i  minutes  in  traversing  the  immense 
space  which  separates  the  earth  from  that  luminary.  They  travel  at 
the  rate  of  192,500  miles  in  a  second,  and  would,  therefore,  move 
through  a  space  equal  to  the  circumference  of  our  globe  in  l>8th 
of  a  second.  They  are  propagated  continually  in  straight  lines^ 
and  spread  or  diverge  at  the  same  time ;  so  that  their  density 
diminishes  in  the  direct  proportion  of  the  square  of  their  dis- 
tance from  the  sun.  Hence,  if  the  earth  were  at  double  its 
present  distance  firom  the  sim,  it  would  receive  only  one-fourth 
of  the  light ;  at  three  times  its  present  distance,  one-ninth ;  at 
four  times  its  present  distance,  one-sixteenth,  &c. 

2.  When  the  solar  rays  impinge  upon  a  body,  they  are  re- 
flected from  its  surface,  and  bound  ofi"  as  an  elastic  ball,  striking 
against  the  same  surface  in  the  same  direction,  would  do ;  or 
they  are  absorbed  by  the  body  upon  which  they  fall,  and  disap- 
pear, being  extinguished ;  or  lastly,  they  pass  through  the  body, 
which  in  that  case  is  transparent  or  diaphanous.  In  the  first 
case,  the  body  becomes  visible,  appearing  white,  or  of  somje 
particular  colour,  and  we  see  it  in  the  direction  in  which  the 
rays  reach  the  eye.  In  the  second  case,  the  body  is  invisible, 
no  light  proceeding  from  it  to  the  eye ;  or  it  appears  black,  if 
the  surrounding  objects  are  illuminated.  In  the  third  case,  if 
the  body  be  absolutely  transparent,  it  is  invisible,  and  we  see 
through  it  the  object  from  which  the  Ught  was  last  reflected. 
But  light  is  often  greatly  affected  in  passing  through  transparent 
bodies. 

3.  If  light  enters  such  media,  of  uniform  density,  perpendi- 
cularly to  their  surface,  its  direction  is  not  altered  ;  but  in  pass- 


U6HT.  69 

ing  obliquely  oat  of  one  medium  into  another^  it  ondergoet  a 
doDge  of  direction.  If  the  second  medium  be  denser  than  the 
fiist,  the  ray  of  light  is  bent,  or  r^aciedy  nearer  to  the  perpen- 
(ficolar ;  but  in  passing  out  from  a  denser  into  a  rarer  medium, 
it  is  refiracted  firom  the  perpendicular.    Thus,  when  the  ray  of 

light  r,  pasung  through  the  air, 
&lls  obliquely  upon  a  plate  of 
glass  at  the  point  a,  instead  of 
continuing  to  moTC  in  the  same 
straight  line  a  b,  it  ia  bent  to- 
wards the  perpendicular  at  a, 
and  proceeds  in  the  direction  a  c.  The  ray  is  bent  to  the  side 
OQ  n^idi  tbere  is  the  greatest  mass  of  glass.  On  pasung  out 
fiom  the  glass  into  the  air,  a  rarer  medium,  at  the  p<Mnt  r,  the 
ny  haa  its  direction  again  changed,  and  in  this  case  yrom  the 
popendicular,  but  still  towards  the  mass  of  glass.  The  amount 
of  refraction,  generally  spealdng,  is  proportional  to  the  density 
of  a  body,  but  combustible  bodies  possess  a  higher  refracting 
power  than  corresponds  to  their  density.  Hence  the  diamond, 
melted  phosphorus,  naphtha,  and  hydrogen  gas,  exhibit  this 
efiect  upon  light  in  a  greater  degree  than  other  transparent 
ixMlies.  Dr.  Wollaston  had  recourse  to  this  refracting  power 
as  a  test  of  the  piuity  of  some  substances.  Thus,  genuine  oil  of 
doves  bad  a  refracting  power  expressed  by  the  number  1535, 
while  that  of  an  impure  specimen  was  not  more  than  1498. 

4.  In  passing  through  many  crystallized  bodies,  such  as  Ice- 
land spar,  a  certain  portion  of  light  is  refracted  in  the  usual 
way,  and  another  portion  undergoes  an  extraordinary  refraction, 
in  a  plane  parallel  to  the  diagonal  which  joins  the  two  obtuse 
angles  of  the  crystal.  Such  bodies  are  said  to  refract  doubly j 
and  exhibit  a  double  image  of  any  body  viewed  tlirough  them. 

5.  Reflected  and  likewise  doubly  refracted  light  assume  new 
properties.  Comnum  light,  reflected  from  the  surface  of  glass, 
or  any  bright  surface  non-metallic,  is,  more  or  less  of  it,  con- 
verted into  what  is  called  polarized  light.  If  it  be  reflected  at 
one  particular  angle  of  incidence,  56o  45',  it  is  all  changed  into 
polarized  light ;  and  the  farther  the  angle  of  reflection  deviates 
from  56*>,  on  either  side,  the  less  is  polarized,  and  the  more 
remains  common  light.  56^  is  the  maximum  polarizing  angle 
for  ^ass ;  52*^.45'  for  water.  The  light  is  said  to  be  polarized^ 
from  certain  properties  which  it  assumes,  which  seem  to  indicate 
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that  the  ray,  like  a  magnetic  bar^  has  sides  in  whidi  reside  peon* 
liar  powers.  One  of  these  new  properties  is^  that  when  it  fidb 
upon  a  second  glass  plate^  it  is  not  reflected  in  the  same  way  as 
common  light.  If  the  plane  of  the  second  reflector  is  perpefnA' 
cular  to  the  first,  and  the  ray  fiedl  at  an  angle  of  56^,  it  is  hot 
reflected  at  all^  \\,vanMhe9 ;  but  ifparallelf  it  is  entirely  reflected. 
Polarized  light  appears  to  possess  some  most  extraordinary 
properties,  in  regu*d  to  vision,  of  useful  application.  It  sg 
said  that  a  body  which  is  quite  transparent  to  the  eyc^ 
and  which  appears  upon  examination  to  be  as  homogeneou 
in  its  structure  as  it  is  in  its  aspect^  will  yet  exhibit,  under 
polarized  light,  the  most  exquisite  organization.  As  hi 
example  of  the  utility  of  tiiis  agent  in  exploring  nunera^ 
v^etable  and  animal  structures.  Sir  D.  Brewster  rdfiers  tD  the 
extraordinary  structure  of  the  minerals  apophylite  and  aiiat 
dme;  to  the  symmetrical  and  figurate  disposition  of  silioeoos 
crystals  in  the  epidermis  of  equisetaceous  plants,  and  to  tibe 
wonderful  variations  of  density  in  the  crystalline  lenses,  and  the 
int^uments  of  tlie  eyes  of  animals,  which  polarized  light  leiw 
ders  visible.* 
6.  Decomposition  o/Ughi.    When  a  beam  of  light  from  the 


■va 


sun  is  admitted  into  a  dark  room,  by  a  small  aperture  r  in  a 
window  shutter,  and  is  intercepted  in  its  passage  by  a  wedge 
or  solid  angle  of  glass  abc,  it  is  refracted  as  it  enters,  and  a 
second  time  as  it  issues  from  the  glass  ;  and  instead  of  forming 
a  round  spot  of  white  light,  as  it  would  have  done  if  allowed  to 
proceed  in  its  original  direction  r  t,  it  illuminates  with  several 


*  Reports  of  the  British  Association,  vol.  i.    Report  iipoo  Optics,  by  Sir  D, 
Brewster, 
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odours  an  oblong  space  of  a  white  card  e  /,  properly  placed  to 
receive  it.  llie  solid  wedge  of  glass  is  caUed  a  prism,  and  the 
oblong  ccJonred  image  on  the  card,  the  solar  spectrum.  Newton 
eoonted  seven  bands  of  different  colours  in  the  spectrum,  which, 
as  diey  succeed  each  other  from  the  upper  part  of  the  spectrum 
represented  in  the  figure,  are  violet,  indigo,  blue,  green,  yellow, 
onnge  and  red.  The  beam  of  light  admitted  by  the  aperture  in 
die  window-shutter  has  been  separated  in  passing  through  the 
prism  into  rays  of  different  colours,  and  this  separation  ob- 
noosly  depends  upon  the  rays  being  unequally  refrangible.  The 
bhe  rays  are  more  considerably  refracted  or  deflected  out  of 
dior  course,  in  passing  through  the  glass,  than  the  yellow 
nys,  and  tiie  yellow  rays  than  the  red.  Hence  the  violet  end 
is  qpoken  of  as  the  most  refrangible,  and  the  red  as  the  least 
refrangible  end  of  the  spectrum. 

Hie  coloured  bands  of  the  spectrum  differ  in  width,  and  are 
dttded  into  each  other ;  and  it  is  not  to  be  supposed  that  there 
se  really  rays  of  seven  different  colours.  Sir  D.  Brewster 
bis  established,  in  a  recent  analysis  of  solar  light,  that  there  are 
lays  of  three  colours  only,  blue,  yellow  and  red,  which  were 
vdl  known  to  artists  to  be  the  three  prinuury  colours,  of  which 
an  others  are  compounded. 

A  certain  quantity  of  white  light,  and  a  portion  of  each  of  the 
primary  rays,  may  be  found  at  every  point  firom  the  top  to  the 
bottom  of  the  spectrum.  But  each  of  the  primary  rays  predo- 
minates at  a  particular  part  of  the  spectrum.  This  point  is,  for 
the  blue  rays,  near  the  top  of  the  spectrum ;  for  the  yellow  rays, 
somewhat  below  the  middle ;  and  for  the  red  rays,  near  the 
bottom  of  the  spectrum.  Hence,  there  exist  rays  of  each  colour 
of  every  degree  of  refrangibility ;  but  the  great  proportion  of 
Bhw  Yellow  R«d  the  vcllow  ravs  is  more  refrangible 
than  the  red,  and  the  great  proportion 
of  the  blue  more  refrangible  than  either 
the  yellow  or  red.  The  compound  spec- 
trum which  we  observe,  is  in  fact  pro- 
duced by  the  superposition  of  three 
simple  spectra,  a  blue,  a  yellow,  and  a 
red  spectrum.  The  distribution  of  the 
rays  in  each  of  these  simple  spectra  is 
represented  by  the  shading  in  the  an- 
nexed figures.      Of  the  seven  different  coloured  bands  into 


OS 


LIGHT, 


vhich  Newtx)n  divided  tlie  spectrum,  not  one  is  a  pure  col 
'  The  orange  is  produced  by  a  predominance  of  the  yellow 
red  rays  ;  the  green,  by  the  yellow  and  blue  rays,  and  tlte  ind]| 
and  violet  are  essentially    blue,   with  different  proportions 
'  red  and  yeUow.* 

By  placing  a  second  prism  adc^  in  a  reversed  position,^ 
contact  with  the  first  prism,  the  colours  disappear^  and  we  bad 
a  spot  of  whit ,  light,  as  if  both  prisms  were  absent*     The  thr 
f  coloured  rays  of  the  spectrum,  therefore,   produce  white 
by  their  union. 

On  examining  the  solar  spectrum,  Dr,  Thomas  Young 
served  tliat  it  is  crossed  by  several  dark  lines,  that  is,  that  the 
are  interruptions  in  the  spectrum,  where  there  is  no  light  of  i 
colour.  Fraunhofer  subsequently  found  that  the  Unes  in 
spectrum  of  solar  light  were  much  more  numerous  than 
Young  had  imagined,  while  the  spectrum  of  artificial  whi^ 
flames  contains  all  the  rays  which  are  tlms  wanting.  One  of  \ 
most  notable  is  a  double  dark  line  in  tlie  yellow,  which  occu 
I  in  the  light  of  the  sun,  moon,  and  planets.  In  the  light  of 
,  ^ed  stars,  SyTius  and  Castor,  the  same  double  line  does 
:Occur ;  but  one  conspicuous  dark  line  in  the  yellow,  and  two  1 
the  blue.  The  spectrum  of  Pollux,  on  the  contrary,  is  the 
as  that  of  the  sun.  Now  a  very  recent  discovery  of  Sir  D.  Brei 
stcr  has  given  these  observations  an  entirely  chemical  character. 
He  has  found  that  the  white  light  of  ordinar}^  flames  requires 
merely  to  be  sent  through  a  certain  gaseous  medium  (nitrous 
acid  vapour)  to  acquire  more  than  a  thousand  dark  lines  in  its 
spectrum.  He  is  hence  led  to  infer  that  it  is  the  presence  of 
certain  gases  in  the  atmosphere  of  the  sun,  which  occasions  the 
observed  deficiencies  in  the  solar  spectrum.  We  may  thus  have 
it  yet  in  our  power  to  study  the  nature  of  the  combustion  whic 
lights  up  the  suns  of  other  systems.  (Report  upon  Optics.) 

The  rays  of  keat  are  distributed  very  unequally  throughc 
the  luminous  spectrum ;  most  heat  being  found  associated  wit 
.the  red  or  least  refrangible  luminous  rays,  and  least  wdth 
violet  rays.     Indeed  when  the  solar  beam  is  decomposed  by] 
prism   of  a  higlJy  diathermanous  material,  such  as  ruck 


•  Sir  David  Brewtler,  On  a  new  Mnnlyflia  of  thu  iioUr  light,  iodlcHtiog  \ht 
primary  coloura,  formiog  coiucideot  a|>ccLra  of  equal  leogib« — Cdtiiburgh    Tli 
I  Tniaa.  rol.  lU.  p.  123. 


the  rays  of  heat  are  found  to  extend,  and  to  have  their  point  of 
maximam  intensity  considerably  beyond  the  visible  spectrum, 
on  the  side  of  the  red  ray.  Hence^  although  there  are  calorific 
rays  of  all  degrees  of  refrangibility,  the  great  proportion  of 
them  are  even  less  refrangible  than  the  least  refrangible  lumi- 
soiis  rays.  It  is  observed  that  the  least  refrangible  rays  are 
ibeodied  in  greatest  proportion  in  passing  tl^ough  bodies 
iriiieh  are  not  highly  diathermanous,  such  as  cro\^Tn-glass  and 
vster.  Hence  prisms  of  these  substances,  allowing  only  the 
more  refrangible  rays  of  heat  to  pass,  give  a  spectrum  which  is 
bottest  in  the  red,  or  perhaps  even  in  the  yellow  ray,  and  pos- 
ienes  little  or  no  heat  beyond  the  border  of  the  red  ray,  llie 
meqiiBlity  in  reftangibility  existing  between  the  rays  of  heat 
■mI  of  light  is  decisive  of  the  fact,  that  they  are  peculiar  rays, 
thai  can  be  separated,  although  associated  together  in  the  sun- 
beam* Indeed,  Melloni  finds  that  Ught  from  both  solar  and 
terrestrial  sources  is  divested  of  all  lieat  by  passing  successively 
thfoogh  water,  and  a  glass,  coloured  green  by  the  oxide  of  cop- 
per, being  incapable  as  it  issues  from  these  media  of  affecting 
die  most  delicate  thermoscope. 

The  light  of  the  sun  is  capable  of  inducing  certain  chemical 
AtmgSM  which  do  not  depend  either  upon  its  luminous  or  calo- 
fific  rmys,  but  upon  the  presence  of  what  are  called  chemical 
fiTi,  Thus  clilorine  gas,  under  the  influence  of  light,  is  capable 
of  deoomposing  water,  combining  with  its  hydrogen,  and  libe- 
nimg  oxygen;  and  the  chlorine  in  the  freshly  precipitated 
cUoride  of  silver  has  a  similar  effect ;  but  the  oxygen  in  the  last 
Ctte,  instead  of  being  set  free,  combines  with  the  silver,  and 
onses  Ihe  colour  of  the  compound  to  change  from  white  to 
blade*  The  moist  chloride  of  silver  is  darkened  more  rapidly 
by  the  violet  than  by  the  red  rays  of  the  spectrum ;  but  this 
chvtge  is  produced  upon  it  even  when  carried  a  little  way  out  of 
the  risible  spectrum  on  the  side  of  the  Adolet  ray.  The  rays 
found  in  that  situation  arc,  therefore,  more  refrangible  than  any 
other  kind  of  rays  in  the  spectrum.  Their  characteristic  effect 
is  to  promote  those  chemical  decompositions  in  which  oxygen  is 
iritljdrawn  from  water  and  other  oxides,  and  hence  they  are 
fiometimes  named  (k-oxidi£ing  rays.  These  rays  were  likewise 
supposed  to  commtmicate  magnetism  to  steel  needles  exposed 
to  them  but  this  opinion  is  no  longer  tenable. 
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CHAPTER    III. 

CHEMICAL  NOMENCLATURE  AND  NOTATION. 

There  are  at  present  fifty-four  substances  known,  which  are 

simple,  or  contaio  one  kind  of  matter  only.  Their  names  are 
given  in  the  following  tables,  together  \nth  certain  useful  nuni^- 
bers  which  express  the  quantities  hy  weight,  according  to  wliich 
the  different  elements  combine  with,  each  other.  Tlie  letter  or 
symbol  annexed  to  the  name  is  employed  to  represent  these 
particular  quantities  of  the  elements,  or  their  combining  pro- 
portions* 


TABLE    L 
NAMES   OF    ELEMENTS 

WIT[1    THEltt    SYMBOLS    ANU    LEAST    COUBINI^Q    PUOPORTIONS, 


I  or  BlcnififllS. 


Oxygen.  ..,..,, 

H^rogcn. , .  • . . 

Nitrogen , 

,  Carbon 

iBiilphur. , 

[  Sdenium , 

I  Phosphorus. .    , . , 

Boron , 

I  Silicon. .  * 

f  Chlorme 

I  Iodine ....«..,,. 

^Bromine ,    , 

[FJuorine., , . 

Potassium     (Kali 
urn) * 

Sodiam  (Natroni- 

um) 

Il^ithium 

I  Bariom .  * 

LStrontium 

I  Calcium 

ililagoe&iuin. .  • . 

Aluminum  .... 

Gludnum  , 

Zirconium.,. .. 
IThorium 


aum 

nese .... 
tFernimJ  . , 

Cine 

alum 


O 
H 

N 
C 

s 

Se 

P 

B 

Si 
ci 

I 

Br 
F 

K 

Na 

L 

Ba 

Sr 

Ca 

Mg 

Al 

G 

Zr 

Th 

Y 

Ma 

Fe 

Zn 

Cd 


Equlnlenti. 


O  M  I<X».     H  tj  I 


8.01 


100.00 
12.4793 

177.04 

76.44 

201  17 

494.58 
392.28 
136.25 
277.31 
4412.65 
1679.50 
978.31 
233,80 

4S9.92 

290.90 
80.33 
S56.8S 
547.29 
256.02 
158.35 
17M7 
331.26 
420.20 
744,90 
402.51 
345,89 
339*2  J 
403  23 
696.77 


Cobalt 
1.00  Nickel. 


14.19 
e.13 
16.12 
39.63 
31.44 
10.91 
22.22 
35.47 
126.57 
78.39 
18.74 

39.26 

23,31 
6,44 


Nam^  of  Elementa. 


Kqritnleata. 


O  u  100.      B  w  1 


Co 

Ni 

Cu 

Bi 

Pb 

Sn 

Ce 

U 

As 


Copper(Cuprum) 
Bismuth.  . .  , ,  . 
Lead  (Plumbum) 
Tin    (Stannura)  . 

Cerium 

Uranium 

Arsenic , 

Antimony     (Sti- 
bium)   Sb 

Chromium Cr 

Vanadium V 

Molybdenum...    Mo 
Tungsten    (Wol- 
fram)     W 

Cotumbium 
(Tantaium)  . , . ,  Tn 

68.66  rellurium. Te 

43.85  Titanium.. ...    .  i  Ti 

20.52  Osmium !  Oa 

12.69  Mercury       (Hy- 
13.72   drargynim ....    Hg 
20. 5  4  Si  1  ve r       (Argen  - 

33.67  tuDi) '-I  ^g 

59.83  Gold  (Aurum)..    Au 

32.25  Platinum PI 

27.72  Paaaaium Pd 

27.18  Rhodium    R 

32.31  Iridium |  Ir 

55*53J  j 


368.99 

369.68 
395.70 
886.92 

1294.50 
735.29, 
574.70 

2711*36 
940.08 

1612.90 
351.82 

856.89 
598.52 

1183.00 


29.57 
29^62 
31.71 
71.07 

103.73 
58.92 
46.0S 

217.26 
75,34 

129.24 
2S.1!> 

OSM 
47.9^ 

94.80 

184  90 


2307.43 

801.76  I 

303.66J 
1244,49,  VD.j'd 

1265.82  101,43 

1351.61  108.30 

2486.03  19921 

1233.50  98.84 

665.90^  53.36 

651.39  59.20 

I23d.5q  98,a4 
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TABLE     1  L 


NAMES   OF    ELEMENTS 


AKKJIXOXD   ALPHABBTtCALLT   WITH   THBfR    SYMBOLS   AND    LBA9T 

COMBI?ri>G     PaOPOftTIOITS. 


O  u  100.      H  u  I 


EqnlTuLenU. 


!<ftiiiei  of  Elemeoti. 


O  u  too,      H  M 


KqnivnknU. 


AlamiaOBi , «  ,, 

My   (Stibi- 


Annic. 


v4f||tlll  .  •  .  I 

Chraoyam  . 


Cbivnbittm  (Tan- 
C^ti  (Caprum) 


Lead  (Bosaboizi) 


Cfnina). 


Al 

Sb 

Aa 

Ba 

Bi 

B 

Br 

Cd 

Ca 

C 

Cc 

CI 

Cr 

Co 

Ta 

Ctt 

F 

6 

Au 

H 

I 

If 

Fe 

Pb 

L 

Mg 

Mn 

Hg 


1612,90 
940.08 
856.88 
886.92 
136.25 
978,31 
696,77 
256.02 
76.44 
574.70 
442.65 
351.82 
36S.99 

2307*43 

395.70 

233*80 

331.26 

2486.03 

12.4796 

1579.50 

1233-50 

339.21 

L  294.50 

80,33 

158.35 

345,89 

1265.82 


13J2 


129 
75, 
68, 
71 
10 
7S, 
55 
20. 
6, 
46, 
35 
28 
29, 


Molybdenum. .. 

Nickel 

Nitrogen 

34  Osmitim ,....., 
66  Oxygen  ,,,».., 

Palladium. . , . , . 

Phosphorus 

Platioum   .  , .  * . 
83  Potassium     (Ka- 
liutn), ........ 

13|ahodium . 

Scleaium 

Silicon , « 


24 


.19  Silver      (Argen- 

turn) 

Sodium   (Natro-| 
184.90   Ilium) 

31.71  StrontiuiD. .   .  ,. 

18.74  ^Solphur 

26.54  freltunum 

igO.SlTlioriuiii. . . 

1.00  Tin  (Stannum). , 

126.57  ntanium 

98.84  Tungsten    (Wol- 

27.1s    frara) 

103.73  V^anadium  ,  . . , . 

6,44  Uraaium  ....•• 

12.69  Yttrium 

27.72  Zinc 

Zirconiom . . « . . 


10L43 


Mo 

Ni 

N 

Ofl 

O 

Pd 

P 

PI 

K 
R 

Se 
Si 

Ag 

Na 

Sr 

S 

Te 

Tb 

Sn 

Ti 

W 

V 

V 

Y 

Zn 

Zr 


593.52 
369.68 
177.04 

1244.49 
100.00 
665.90 
392.28 

1233.50 

489.92 
65L39 
494.58 
277.31 

1351.61 

290.90 
54r29; 
201.17 
801.76 
744.90 
735.29 
303.66 

1183.00 
856.89 

2711.36 
402.61 
403.231 
420.20 


47.96 
29.62 
14J9 
99.72 
8,01 
53.36 
31.44 
98.84 

3926 

52.20 
39.63 
22.22 

108.30 

23.31 

43.85 
I6a2 
04.25 
59.83 
58.92 
24.33 

94.  RO 
69.66 
217.26 
32.25 
32.31 
33,67 


r^ 
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ALPHABETICAL   ARRANGEMENT   OF    SYMBOLS. 


OmIOO. 


O  as  100. 


HmL 


Ag  indicates  1351.61 


AI 

** 

171.17 

As 

»p 

940.08 

Au 

pp 

2486.03 

B 

»« 

136.25 

Ba 

pp 

866.88 

Bi 

>p 

886.92 

Br 

** 

978.31 

C 

pp 

76.44 

Ca 

pp 

266.02 

Cd 

pp 

696.77 

Ce 

#9 

674.70 

CI 

pp 

442.65 

Co 

pp 

368.99 

Cr 

## 

361.82 

Ctt 

pp 

395.70 

F 

pp 

233.80 

Fe 

f* 

339.21 

G 

pp 

331.26 

H 

«f 

12.4795 

Hg 

*# 

1265.82 

I 

pp 

1579.50 

Ir 

pp 

1233.50 

K 

pp 

489.92 

L 

pp 

80.33 

Mg 

pp 

158.35 

Mn 

pp 

345.89 

Mo 

pp 

698.52 

108.30  Silver      (Ar- 
gentum) 

13.72  Aluminum 

75.34  Arsenic 
199.21  Gold  (Aurum) 

10.91  Boron 

68.66  Barium 

71.07  Bismuth 

78.39  Bromine 
6.13  Carbon 

20.52  Calcium 

56.83  Cadmium 
46.05  Cerium 
35.47  Chlorine 
29.57  Cobalt 
28.19  Chromium 

31.71  Copper    (Cu- 

prum) 
18.74  Fluorine 
27.18  Iron     (Fer- 

rum) 
26.54  Qlucinum 
1.00  Hydrogen 
101.43  Mercury  (Hy- 

dragyrum) 
126.57  Iodine 

98.84  Iridium 
39.26  Potassium 

(Kalium) 
6.44  Lithium 
12.69  Magnesium 

27.72  Manganese 
47.96  Molybdenum 


N    indicates 
Na       „ 

Ni  „ 
O  „ 
Os 
P 

Pb        , 

Pd        , 

PI 

R 

S 

Sb 


Se 
Si 
Sn 

Sr 
Ta 

Te 

Th 

Ti 

U 

V 

W 

Y 

Zn 

Zr 


177.04 
290.90 

369.68 

100.00 

1244.49 

392.28 

1294.50 
665.90 

1233.50 
651.39 
201.17 

1612.90 

494.58 
277.31 
735.29 

547.29 
2307.43 

801.76 
744.90 
303.66 

2711.36 
866.89 

1183.00 

402.51 
403.23 
420.20 


14.19  Nitn 

23.31  Sodin 

titni 

29.62  Nidci 

8.01  Oxye 

99.72  Osnit 

31.44  PboM 

103.73  Lead 


53.36  PfedlM 
98.84  Flatil 
62.20  Rliod 
16.12  Sulpl 
129.24  Audi 
(Sti 
39.63  Setea 
22.22  Sllioo 
58.92  Tin, 


43.86  Stnu 
184.90  Coltt 

TeUa 
Thon 
Titu 
Uraa 
Vuu 


64.25 
59.83 
24.33 
217.26 
68.66 
94.80 


32.26 
32.31 
33.67 


Yttri 
Zinc 
Zixtc 
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In  the  cIbss  of  simple  subsstances  are  placed  all  those  bodies 
vUch  are  not  known  to  Ije  compound,  on  the  principle  that 
vlntever  canDot  be  decomposed  t>r  resolved  by  any  process  of 
diemistiy  into  other  kinds  of  matter,  is  to  be  considered  as 
anple*  They  are  the  only  bodies  tfie  names  of  which  are  at 
|Rsent  independent  of  any  rule.  Au  attempt  was,  indeed,  made 
M  the  first  introduction  of  a  systematic  nomenclature,  to  make 
the  names  of  several  of  them  significant ;  but  some  confusion 
m  regard  to  their  derivatives  was  found  to  be  the  consequence 
of  thtSy  and  many  of  them  being  familiar  substances,  were 
of  necessity  allowed  to  retain  the  names  they  bear  in 
Don  kngoage ;  such  as,  sulphur,  tin,  silver,  and  the  other 
knoim  in  the  arts.  To  newly  discovered  elements,  how- 
Cf«r,  mch  names  were  applied  as  were  suggested  by  any  striking 
|krsic3i]  property  they  possessed,  or  remarkable  circumstance 
in  tbcir  liistor)%  The  names  of  the  newer  metals,  platitmm, 
|Mtttsitiai,  raaadium,  etc.,  have  a  common  termination,  which 
mrtB  to  distinguish  them  as  metals.  Other  classes  of  elemen- 
tiry  iKidies,  resembling  each  other  in  certain  particulars,  are 
unked  in  a  similar  manner;  such  as  the  class  cumprising 
aftton,  boron  and  silicon,  and  that  composed  of  chlorine,  iodine, 
hvomine^  and  fluorine* 

Tlie  names  of  compound  bodies  are  contrived  to  express  their 

i^^Kisition,   and   the   class    to   which   they    belong,   and   are 

imded    on  a  distribution  of  compounds   into   three   orders, 

■isrlv  :   first,  compounds  of  one  clement  with  another  element, 

m  lor  instance,     oxygen   with    sulphur   in    sulphuric   acid,   or 

«ETgen  with  sodium  in  soda,  which  are  called  binary  compounds. 

Hmodly,  combinations  of  binary  compounds  with  each  other, 

asofkulpboric  acid  with  soda  in  Glauber's  salt,  and  the  salts 

jpeacrally,  vhich  are  termed  ternary  compounds.     And  thirdly, 

eonbinAtions  of  salts  with  one  another,  or  double  salts  such  as 

liui,  which  are  quaternary  compounds. 

l.^ — Of  the  compounds  of  the  first  order,  the  greater  number 
knoim  to  t!ic  original  firamers  of  the  chemical  nomenclature, 
iBOUined  oxygen  as  one  of  their  two  constituents ;  and  hence, 
m  rscdiisire  tmprjrtance  was  attached  to  that  element.  Its 
iQia|loiiiids  ^^  other  elementary  bodies,  may  be  divided 

their  pr   ^  >  into:  (a)  the  class  of  neutral  bodies  and 

attd  (A)  ilie  class  of  acids, 

(«)  Tti  mmiben  of  the  first  class,  tlie  generic  terra  omile  was 
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applied^  tlie  first  syllable  of  oxygen,  with  a  terniination  mdii^^ 
tive  of  combination ;  to  which  the  name  of  the  other  element 
was  joined  to  express  the  specific  compound.  Thus  a  compound 
of  oxygen  and  hydrogen  is  oa:id€  of  hydrogen ;  of  oxygen  unci 
potassium,  03nde  of  potasmum ;  of  which  compounds  the  first 
or  water,  is  an  instance  of  a  neutral  oxide ;  and  the  second  or 
potash,  of  abase  or  alkaline  oxide.  But  the  same  elementary 
body  often  combines  mth  oxygen  in  more  than  one  proportioni 
forming  two  or  more  oxides ;  to  distinguish  which  the  Greek 
prefix /?ro/o  (irpwroc  first)  is  applied  to  the  oxide  containing  the 
least  proportion  of  oxygen)  fiento  {cfvnpog,  second)  t»  the  o: 
containing  more  oxygen  than  the  protoxide ;  and  trito  {rpn 
third)  to  the  oxide  containing  still  more  oxygen  than  the  di 
oxide ;  which  last  oxide  if  it  contains  the  largest  proportion 
oxygen,  with  which  Uie  element  can  unite  to  form  an  oxide, 
is  more  commonly  named  the  peroxide^  from  per  the  Latin 
particle  of  intensity.  Thus  the  three  compounds  of  the  m< 
manganese  and  oxygen  are  distinguished  as  follows : 


Cow  position 


Oxjrgt!!! 

29,81 

43^6 

57.82 


Protoxide  of  manganese,  .  100 

Deutoxide  of  manganese.  .  100 

Peroxide  of  manganese.  .  100 

As  the  prefix  per  implies  simply  the  highest  degree  of  oxidatin 
it  may  be  applied  to  the  second  oxide  where  there  are  only  ' 
as  in  the  oxides  of  iron,  the  second  oxide  of  which  is 
indifferently,  the  deutoxide  or  peroxide  of  iron.  M.  Thenard, 
in  the  last  edition  of  his  Traite  de  Chimie^  avoids  tlie  use  of  the 
term  deutoxide,  and  confines  the  appHcation  of  peroxide  to 
such  of  these  oxides  as,  like  the  jieroxide  of  manganese,  do  not 
combine  with  acids.  He  applies  the  names  »t»quioxkle  and 
binoxidf  to  oxides,  which  are  capable  of  combining  with  acids, 
and  contain  respectively,  once  and  a  half  and  twice  as  miudi 
oxygen  as  the  protoxides  of  the  same  metaL  He  has  thus  the 
protoxide,  sesquioxide  and  peroxide  of  manganese,  the  protoxide 
and  sesquioxide  of  iron,  the  protoxide  and  binoxide  of  tin,  clc» 
The  sesquioxides  of  iron  and  manganese  of  Th^nard,  are  ateo 
named  friioxides  by  some  French  chemists,  as  to  double  the 
proportion  of  metal  in  the  protoxides,  they  possess  three  times 
us  much  oxygen.  Certain  inferior  oxides,  which  do  not  earn* 
bine  with  acids^  are  called  subasides ;  such  as  the  suboxide  of 
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ktd}  which  contains  less  oxygen   than  the  oxide  disttnguished 
» the  protoxide  of  the  same  nietJiL 

He  oompoonds  of  chlorine  and  certain  other  elements  are 
tejngiiiahed  in  the  same  manner  as  the  oxides.  Such  elements 
mmble  oxygen  in  several  respects,  particularly  in  the  manner 
m  wbich  their  compounds  are  decomposed  by  electricity,  Chlo- 
Biie,  for  example^  like  oxygen,  proceeds  to  the  positive  pole, 
4Bd  if  therefore  classed  with  oxygen  as  an  electro-negative 
iviistanee,  in  a  div^ision  of  elements  grounded  on  their  electrical 


rebdona 


Thus  with  the  other  elementary  bodies. 
Oxygen     forms     oxides. 


Chlorine 

»5 

chlorides. 

Bromine 

»f 

bromides. 

Iodine 

9$ 

iodides^ 

Fluorine 

JJ 

fluorides, 

Cyanogen 

*J 

cyanides, 

Sulphur 

55 

sulphurets 

As  cyanogen  although  a  compound  body  comports  itself  in  its 

fiombiuations  like  an  electro-negative  element,  its  compounds 

m  muned  in  the  same  manner  as  the  oxides.     When  several 

cUorides  of  the  same  metal  exist,  they  are  distinguished  by  the 

■me  Dumerical  prefixes  as  the  oxides,      llius   we   have   the 

{■DCodlkifide  and  the  deutochloridc  or  perchloride  of  iron ;  the 

fModitoride,  and  the  bichloride  of  tin  ;  the  application  of  the 

f0fa  At  being  more  generally  sanctioned  in  the  case  of  chlo- 

Jlfai  than  oxides.     The  compounds  of  sulphur  greatly  resemble 

l6e  oxides,  but  they  arc  named  sulphurets  and  not  sulphides. 

Bcfxelxus  indeed  applies  the  term  sulphuret  to  such  binary  com- 

poonds  of  sulphur  only  as  are  basic  or  corresjiond  with  basic  ox- 

ide>;  while  sulphide  is  apphedto  such  as  are  acid,  or  correspond 

vilii  add  oxides.    Hence,  he  has  the  sulphuret  ofpotassiumy  and 

the  tm^fthide  of  antenie  and  sulphide  of  carbon.     Cofn pounds  of 

ddorinc  are  distinguished  by  him  into  chlorurets  and  chlorides, 

00  the  tame  principle  ,•  thus  he  speaks  of  the  ddoraret  ofpotoB- 

iimm  and  of  tlie  chioridt:  of  phosjjhorus.     But  these  distinctions 

htmm  not  Ijcen  regarded  by  French  or  English  chemists. 

Coirrpcjuuds  of  carbon  and  phosphorus  with  electro- positive 
daBiesits  are  named  carburets  and  pho»^}hureis,  as  the  carburet 
rf  TroUf  the  pbosphuret  of  lead.  In  all  sucli  cases  it  is  the 
natnc  of  the  electro-negative  element,  or  that  which  nnjst 
oi&ygen,  which  is   placed  first  in  the  name  of  the 

a  2 
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compound,  and  has  a  termination  expressive  of  combination 
attached  to  it.  Thus  a  compound  of  chlorine  and  phosphonti 
is  called  chloride  of  phosphorus^  and  not  phosphuret  of  chlo- 
rine ;  of  sulphur  and  carbon,  sulphuret  of  carbon,  and  not  cai^ 
buret  of  sulphur.  The  combinations  of  metallic  dementi 
among  themselves  are  distinguished  by  the  general  term  oUojfB, 
and  those  of  mercury  as  amalgams. 

(A)  The  binary  compounds  of  oxygen  which  possess  acid 
properties,  are  named  on  a  different  principle.  Thus  the  acid 
compound  of  titanium  and  oxygen  is  called  titanic  add;  of 
chromium  and  oxygen,  chromic  acid;  or  the  name  of  the  acid  is 
derived  from  that  of  the  substance  in  combination  with  oxygen, 
with  the  termination  ic.  Where  the  same  element  was  known 
to  form  two  acid  compoimds  with  oxygen,  the  termination  out 
was  applied  to  that  which  contained  the  least  proportion  of 
oxygen,  as  in  sulphurous  and  sulphuric  acids.  On  the  dis- 
covery of  an  acid  compound  of  sulphur  which  contained  lest 
oxygen  than  that  already  named  sulphurous  acid,  it  was  called 
hyposulpkurous  acid,  (from  the  Greek  vtroy  under)  and  anothtf 


Composition. 

Names. 

Sulphur.              Oxygen 

Hyposulphurous  acid 

100          49.75 

Sulphurous  acid 

100               99.50 

Hyposulphuric  acid 

100         124.37 

Sulphuric  acid 

100             149.25 

new  compound,  intermediate  between  the  sulphurous  and  sd^  1 


phuric  acids,  was  named  hyposulphuric  add.  On  the  same  princi^ 
pie,  an  acid  containing  a  greater  proportion  of  oxygen  than  that 
already  named  chloric  acid  was  named  hyperchloric  add,  (front  J 
the  Greek  vxcp,  over).  The  names  of  the  different  acid  oouH 
pounds  of  oxygen  and  sulphur,  which  have  been  referred  to 
for  illustration,  with  the  relative  proportions  of  oxygen  whidl 
they  contain,  are  as  follows  : 


This  system  has  been  adopted  for  all  analogous  acids.  An 
acid  of  chlorine,  containing  more  oxygen  than  chloric  acid,  is 
named  hyperchloric  acid,  and  other  similar  compounds,  whidi 
all  contain  an  unusually  large  proportion  of  oxygen  are  dis- 
tinguished in  the  same  maimer,  as  hyperiodic  acid  and  hyper* 
manganic  acid.  The  hyperchloric  acid  is  also  sometimes  called 
perchloric  and  oxichloric  ;  but  these  last  terms  do  not  seem  so 
suitable  as  the  first. 
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Aoother  class  of  adds  exists  in  which  sulphur  is  united  with 
liie  other  element  in  the  place  of  oxjrgen*  The  acids  thus 
lofined  are  called  sutphur-acids.  The  names  of  the  correspond- 
ing oxygen  acids  are  sometimes  apphed  to  tliese,  vnth  the 
prefix  suiphOy  as  sulpho-arsenioti^  and  sulpho-araenic  acids,  which 
resemble  arsenious  and  arsenic  acids  respectively  in  composition^ 
bat  contain  sulphur  instead  of  oxygen.  Lastly,  certain  sub- 
iHiieem^  such  as  chlorine,  sulphur  and  cyanogen,  form  acids 
vith  hydrogen,  which  are  called  hydrogen  acids,  or  htfdf*acUh, 
In  theae  acid  compounds  the  names  of  both  constituents  appear 
the  terms  hydrochloric  acid y  hydrosulpknric  aridy  and  hydro" 
^^a»ic  arid,  Thenard  has  lately  altered  these  names  to  chlor- 
hfdric,  ^ulphohydric  and  ajanhydric  acids,  which  are  certainly 
(mfemble  terms. 

2- — Compounds  of  the  second  order,  or  salts,  are  named 
acciirding  to  the  acid  they  contain,  the  termination  ic  of  the 
idd  being  changed  into  a/ef,  and  om  into  t/e.  Thus  a  salt  uf 
ndphuric  acdd  is  a  sulphate  ;  of  sulphurous  acid,  a  sulphite  ;  of 
bjposolpliurous  acid,  a  hyposulphite ;  of  hyposulphuric  acid,  a 
kfftmilphaiei  and  of  hyiierehloric  acid,  a  hyperchlorale  ;  and  the 
wae  of  t)ic  oxide  indicates  the  species,  as  the  sulphate  of  the 
ttide  of  silver,  or  the  sulphate  of  silver,  for  the  oxide  of  the 
being  always  understood  it  is  unnecessary  to  express  it, 
when  more  than  one  oxide  of  the  same  metal  combines 
aekL%  a*  sulphate  of  the  protoxide  of  iron,  and  sulphate  of 
ixide  of  iron.  Tliese  salts  are  sometimes  called  pro  to- 
ami  persulphate  of  iron,  where  the  prefixes  proto  and 
to  the  degree  of  oxidation  of  the  iron.  The  two 
of  iron  are  named  ferrous  oxide  and  ferric  oxide  by 
and  the  salts  referred  to,  the  ferrous  sulphate,  and 
ferric  sulphate.  The  names  stannous  sulphate  and  stannic 
"aallilsate  express  in  the  same  way,  the  sulphate  of  the  protoxide 
rf  Hn^  and  the  sulphate  of  the  peroxide  of  tin.  But  such 
anaca,  although  truly  systematic  and  replacing  very  cuml>rous 
eapnsastons;  involve  too  great  a  change  in  chemical  nomencla- 
ture t(>  be  speedily  adopted.  Having  found  its  way  int^^j  com- 
mofi  buiguoge,  chemical  nomenclature  can  no  longer  be  altered 
aiateriaUy  without  great  inconvenience.  It  must  be  learned  as 
,  bngoage,  and  not  be  viewed  and  treated  as  the  expression  of 
^«yslenu  A  we^er-sulphate  contains  a  greater  proportion  of 
id  than  Uie  Kulphate  or  neutral  sulphate;  a  ^sulpliate  twice  as 
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much;  and  a  ae^^ut-sulphate  once  and  a  half  as  much  as  tn 
neutral  sulphate ;  while  a  a^wA-sulphate  contains  a  less  proportion^ 
than  the  neutral  salt ;  the  prefixes  referring  in  all  cases  to  the 
proportion  of  acid  in  the  salt*  or  to  the  electro^negatwe  ingie- 
,  dieiit,  as  in  the  case  of  oxides.  The  excess  of  base  in  sub-salt« 
is  sometimes  indicated  by  Greek  prefixes  expressive  of  quantity^ 
as  di-chromate  of  lead,  /rijr-acetate  of  lead,  but  this  deriation  firom 
rule  is  apt  to  lead  to  confusion.  If  a  precise  expression  for 
such  subsalts  were  required,  it  would  be  better  to  say  the 
bibasic  subchromate  of  lead,  the  tribasic  subacetate  of  lead.  But 
the  names  of  both  acid  and  basic  salts  are  less  in  accordanoe 
with  correct  ^iews  of  their  constitutionj  than  the  names  of  any 
other  class  of  compoimds. 

Combinations  of  water  wnth  other  oxides  are  called  kydrait9^ 
as  hydrate  of  potash,  hydrate  of  boracic  acid, 

.3, — In  the  names  of  quartemary  compounds  or  of  double 
salts,  the  names  of  the  constituent  salts  are  expressed,  thus: 
milphate  of  alumina  and  potash  is  the  compound  of  the  sulpliale 
of  alumina  witli  the  sulphate  of  potash ;  tartrate  of  potash 
soduf  the  compound  of  the  tartrate  of  potash  with  the  tartrate 
soda  j  the  name  of  the  acid  being  expressed  only  once,  as  it  is 
the  same  in  both  of  the  constituent  salta.  The  names  alum 
and  Rochelle  salt  which  have  been  assigned  by  common  usage  to 
tlie  same  double  salts,  are  likewise  received  in  scientific  language^ 
The  chloride  of  platinum  and  potassium  expresses,  in  the  same 
way  a  compound  of  chloride  of  platinum  u^th  chloride  of  potas- 
sium. An  oxichloride,  such  as  the  oTichloride  of  mercury^  is  e 
compound  of  the  oxide  with  the  chloride  of  the  same  metal* 

The  present  nomenclatm-e  does  not  furnish  precise  expres- 
sions for  many  n^w  classes  of  compounds,  the  existence  of 
which  was  not  contemplated  by  its  inventors,  and  many  of  its 
names  express  theoretical  views  of  the  constitution  of  bodies 
which  are  doubtful,  and  not  admitted  by  all  chemists.  But  its 
deficiencies  are  supplied,  and  the  composition  of  bodies  more 
accurately  represented,  in  certain  written  expressions,  or  chemi- 
cal formulte,  which  are  also  employed  to  denote  particular  sub- 
stances, and  which  form  a  valuable  supplement  to  the  nomen- 
clature still  generally  used.  These  formulie  are  constructed  oa 
the  siuiplest  principles,  and  besides  supplying  the  deficiencies 
of  the  old  nomenclature,  they  at  once  exhibit  to  the  eye  the 
composition  of  bodies,  and  afford  a  mechanical  aid  in  obscrv'ing 
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i  in  compositioQy  of  the  same  kind  as  the  use  of  figures 
in  tlie  oomparison  of  arithmetical  sums. 

Si^mMm  of  the  eleinenU.     Each  elementary  substance  is  re- 
pfcsenled  by  the  initial  letter  of  its  Latin  name  as  will  be  seen 
bjr  frfcrence  to  Table   I,  page   94;    but  when  the   names   of 
t«o  or  more  elements  begin  with  the  same  letter,  a  second  in  a 
iBiUer  character  is  added  for  distinction  j    thus  oxygen  is  re- 
|imeoled  by  the  letter  O,  the  metal  osmium  by  Os,  fluorine  by  F, 
liron  (ferrum)  by  Fe  ;  small  letters,  it  is  to  be  observed,  never 
significant  of  themselves,  but  employed  only  in  connexion 
ithe  large  letters  as  distinctive  adjuncts,     niese  symbols 
it,  at  tlie  same  time,  certain  relative  quantities  of  the 
dements,  the  letter  O  expressing  not  oxygen  indefinitely,  but 
mo  psrtB  by  weight  of  oxygen,  and  Fe,  "63^  parts  by  weight  of 
mv  or  any  other  quantities  of  these  two  substances  which  are 
b  the  proportion  of  these  numbers ;  8  parts  of  oxygen,  for  in- 
flteiee,  aiid  27.1 6  of  iron.     It  ynVi  immediately  be  explained 
tbl  the  elem^itary  bodies  combine  with  each  other  in  certain 
(Riportional  quantities  only,  which  may  be  expressed  by  one 
fir  other  of  tiie  two  series  of  numbers  placed  against  the  names 
^tf  tbe  elements  in  the  tables  (pages  94,  95,  96).     These  quanti- 
I  are  conveniently  spoken  of,  as  the  equivalent  quantities,  or 
r,  combminff  proportions  or proportiom  of  the  elements, 
symbol  or  letter,  of  itself  representing  one  equivalent  of  the 
it,  several  equivalent  are  represented  by  repeating  the 
'i^bol,  or  by  placing  figures  before  it,  thus  Fe  Fe,  or  2  Fe,  and 
3  O,  which  mean  two  equivalents  of  iron  and  three  of  oxygen  ; 
m  smaU  figures  are  placed  either  above  or  below  the  symbol, 
«ad  to  the  right,  thus  Fe*,  O^,  or  Fe^,  O3,  which  expressions 
•re  erf  the  same  value  as  the  former,  but  are  used  only  when 
iymbols   are   placed  together  in  the  formulas  of  compounds. 
Tiro  equivalents  of  an  element  are  often  expressed  by  placing  a 
diab  throiigh,  or  under  its  s>Tnbol,  as  2C,  by  4r"  or  C,  but  such 
abbreriationB  will  not  be  made  use  of  in  the  present  work*     The 
mbfttance  represented  by  any  symbol,  which  occurs  to  the  reader 
in  tlie  following  pages,  may  be  learned  by  reference  to  the  alpha- 
betical arrangement  of  symbols,  page  96. 

FmTRukB  of  cotnpaufids.  The  collocation  of  symbols  ex- 
prfiMH  combination  5  thus  Fe  O  represents  a  compound  of 
one  equivalent  or  proportion  of  iron>  and  one  of  oxygen, 
t»r  tJie  protoxide  of  iron ;    SO^,    a   compound  of  one  equiva- 
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lent  of  sulphur,  and  three  of  oxygen,  that  is  one  equivalent 
of  sulphuric  acid ;  and  sulphate  of  iron  itself  consisting  of 
one  equivalent  of  each  of  the  preceding  compounds,  may  be 
represented  as  follows : 

Fe  O  S  O3,  or 
FeO-l-S03,or 
Fe  O,  S  O3, 
The  sign  plus  (-f)   or  the  comma,  being  introduced  in  the 
second  and  third  formula,   to  indicate  a  distribution  of  the 
elements  of  the  salt  into  its  two  proximate  constituents,  oxide 
of  iron,  and  sulphuric  acid,  which  is  not  so  distinctly  indicated 
in  the  first  formula.     It  may  often  be  advantageous  to  make 
use  of  both  the  comma  and  the  plus  sign  in  the  same  formala^ 
and  then  it  would  be  a  beneficial  practice  to  use  them  as  in  the 
following  formula  for  the  double  sulphate  of  iron  and  potash  : 

FeO,  SO3+KO,  SO3, 
in  which  the  comma  is  employed  to  indicate  combination  moie 
intimate  in  degree,  or  of  a  higher  order  than  the  plus  sign, 
namely,  of  the  oxide  with  the  acid  in  each  salt,  wliile  the  com- 
bination of  the    two  salts  themselves  is  expressed    by  the' 
sign  +. 

The  small  figures  in  the  preceding  formulas  aflFect  only  the 
symbol  or  letter  to  which  they  are  immediately  attached.  Larger 
figures  placed  before  and  in  the  same  line  with  the  symbols  apply 
to  the  compound  expressed  by  the  symbols.  Thus  8  S  O^ 
means  three  equivalents  of  sulphuric  acid ;  2  Pb  O,  two  equiva- 
lents of  oxide  of  lead.  But  the  interposition  of  a  comma  or  plus 
sign  prevents  the  influence  of  the  figure  extending  farther,  thus 

2  Pb  O,  Cr  O3,  or 

2PbO+Cr03, 
is  two  proportions  of  oxide  of  lead,  and  one  of  chromic  acid, 
or  the  sub-chromate  of  lead.  To  make  the  figure  apply  to 
symbols  separated  by  the  comma  or  plus  sign,  it  is  necessary 
to  enclose  all  that  is  to  be  affected  within  brackets,  and  place 
the  figure  before  them.     Thus, 

2  (Pb  O,  Cr  O*) 
means  two  proportions  of  the  chromate  of  lead.    The  following 
formuke  of  two  double  salts  with  their  water  of  crystallization, 
exhibit  the  appUcation  of  these  rules : 

Iron-alum,  or  the  sulphate  of  peroxide  of  iron  and  potash, 
KO,  SOa  +  Fe^  O3,  3SO3  +  24  HO 
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Oxalate  of  peroxide  of  iron  and  potash, 

3  (K  O,  C,  O3)  +  Fe^  O3,  S  C^  O^^S  HO, 
It  will  be  found  to  conduce  to  perspicuity,  to  avoid  either  con- 
Mcticig  two  forniuLe  of  different  substances  not  in  combina- 
tioo,  by  the  sign  plus,  or  allowing  them  to  be  separated  merely 
br  s  comma,  as  the  plus  and  comma  beiwetn  symbols  or  for- 
muht  are  conventionally  understood  to  unite  tlie  fomiulse  into 
ofee,  and  to  express  combination ;  and  indeed  it  is  advisable  to 
wrile  every  complete  formula  apart,  and  in  a  line  by  itself,  if 
fimible. 

The  only  other  circumstance  to  be  attended  to  in  the  constnic- 
Kioiiof  such  formuke  is  the  art  angetnent  of  the  symbols  or  letters, 
vUeh  is  not  arbitrary.  In  naming  a  binary  compound,  such 
ii  indde  o(  iron,  chloride  of  potassium,  etc.  we  announce  first 
die  oxygen  or  element  most  resembling  it  in  the  compound^  and 
tUdi  is  called  the  electro-neguiive  ingredient )  but  in  the  for- 
Mole  of  the  jiame  bodies,  it  is  the  other  or  the  electro-positive 
tfteaiCDt  which  is  placed  first,  as  in  Fe  O,  and  K  CI.  In  the 
fcfamlae  of  salts,  it  is  likewise  the  electro-positive  constituent 
or  tfcc  baste  oxide  which  is  placed  first,  and  not  the  acid* 
Tim  the  sulphate  of  potash  is  K  O,  S  O3,  and  not  S  O3,  K  O, 
Infcjmuilion  respecting  the  constitution  of  a  compound  may 
lAen  be  expressed  in  its  formula,  by  attending  to  this  rule. 
Tkni  siilpburic  acid  of  specific  gravity  1.780,  contains  two  pro- 
firfoQs  of  WEter  to  one  of  acid,  but  by  giving  to  it  the  follow- 
%foniiuU, 

•t  express  that  one  proportion  only  of  water  is  combmed  as  a 
hmt  iritli  the  acid,  and  that  the  second  proportion  of  water,  the 
fcfmub  of  which  follows  that  of  the  acid,  is  in  combination 
wicli  this  sulphate  of  >rater. 

The  above  system   of  notation  is  complete,  and  sufiiciently 
oooTexuent  for  representing  all  binary  compounds,  and  com- 
pomMls  belonging  to  the  organic  department  of  the  science,  in 
the  formula:  of  which  the  ultimate  elements  only  are  expressed. 
Bat  wbi-n  swJtjj  and   double  salts  are  expressed,  the  formulae 
ofTi^ti  become  inconveniently  long.     They  may  often  be  greatly 
cd,  and  made  more  distinct  by  expressing  each  equi- 
......  ..i  oxygen  in  an  oxide  or  acid  by  a  dot  placed  over  the 

symbol  of  the  other  clement,  thus, 
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Protoxide  of  iron,  Fe 

Sulphuric  acid,  S 

Crystallized  sulphate  of  protoxide  of  iron,  Fe  S,  H+6H 

Alum,  k  S,  A1"A1  S3+24H 

Felspar,  kSi,Al"AlSi3 

Oxalate  of  peroxide  of  iron  and  potash,  SK  CC  -f  FeFe,  3CC+6H 
Such  formulee  are  more  compact,  and  more  easily  compared  ■ 
with  each  other,  the  relation  between  the  mineral  felspar  Kot* 
alum  without  its  water  of  crystallization,  being  seen  at  a  glanm' 
on  thus  placing  their  formulae  together,  the  one  having  the. 
symbol  for  silicon,  the  other  that  for  sulphur,  but  everyUiii^^ 
else  remaining  the  same.    This  abbreviated  plan  also  ezhibillf^ 
more  distinctly  the  relation  between  the  equivalents  of  oxygeo^- 
in  the  different  constituents  of  a  salt,  which  is  always  imr^ 
portant. 

It  is  to  be  observed,  that  the  oxygen  expressed  by  the  dofei-  ■, 
placed  over  a  letter  is  brought  under  the  influence  of  the  smaS  ' 

figure  attached  to  that  letter,  as  for  example,  S3  in  the  preoed-  w 
ing  formula  of  alum,  means  three  proportions  of  sulphurie  ! 
acid,  so  that  this  sign  has  the  same  value  as  if  it  were  wriU  ; 

ten  38. 

Equivalents  of  sulphur  are  likewise  sometimes  expressed  bf  - 
commas  placed  over  other  symbols,  as  the  trito-sulphuret  of  «^ 

arsenic  by  As,  but  such  compounds  are  not  of  constant  oocm^ 
rence  Uke  the  oxides,  and  do  not  create  the  same  necessity  for 
any  new  and  arbitrary  symbol.  A  compound  body,  such  ei 
cyanogen,  which  combines  with  a  numerous  series  of  other 
bodies  is  often  for  brevity  expressed  by  the  initial  letter  of  its 
name,  as 

Cyanogen        .        Cy, 

Benzoyle         •        Bz ; 
and  the  organic  acids  are  sometimes  expressed  by  a  letter  in  the 
same  way,  but  with  the  minus  sign  ( — )  placed  over  it,  thus. 

Acetic  acid,  by  A 

Tartaric  acid,  byT. 
But  arbitrary  characters  of  this  kind  will  always  be  explained, 
on  the  occasion  of  their  introduction. 
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All  analyses  prove  that  the  composition  of  bodies  is  fixed 
and  invariable  :  100  parts  of  water  are  uniformly  composed  of 
11.1  parts  by  weight  of  hydrogen,  and  88.9  parts  of  oxygen. 
Its  constituents  never  varying  either  in  nature  or  proportion. 
Tliis  and  other  substances  may  exist  in  an  impure  condition, 
from  an  admixture  of  foreign  matter,  but  their  own  composition 
remains  the  same  in  all  circumstances.  It  is  this  constancy  in 
liie  composition  of  bodies  which  gives  to  chemical  analyses  all 
dwir  value,  an^  rewards  the  vast  care  necessarily  bestowed 
vpoo  their  execution. 

An  examination  of  the  composition  of  any  class  of  bodies 
containing  an  element  ui  common,  such  as  the  oxides,  shows 
ftat  any  one  element  unites  with  very  different  quantities  of  the 
sdier  dements.  Thus  in  each  of  the  five  oxides,  of  which  the 
eompontion  is  given  below,  the  oxygen  and  other  constituent 
in  a  different  relation  to  each  other. 


Compontion  of  Oxides. 


WMv.  Ozld*  or  Copper.      OzldooTZlDe.        Ostdo  of  LmkL       OstdoofSUfv. 


SBLt'Oxyini 

ll.lCopper 


looj 


90.3  Oxygen 
7»^ZIne 

100 


10.1  Oxyicn 
100, 


7JOxyg«n 

njtanwwr 

100 


n.1 


100 


Bat  the  relation  between  the  oxygen  and  the  other  consti- 
tant  in  these  oxides  will  be  seen  more  distinctly  by  stating 
fkar  composition  in  such  a  way  as  to  have  the  oxygen  expressed 
by  tbe  same  number  in  every  case,  or  made  equal  to  100  parts. 
Ilras, 


W-. 

OxSdc  of  Copper. 

OxkltorZinc 

OxkkoT  LeMl. 

Oxide  of  SUver. 

S&:'S. 

Oxygen      .    100 
Copper      .    M 

Oxygen     .     100 
Zinc          .     40S 

M3 

1«M 

Oxyten     .     100 
SUver       .    l»'i 

113.» 

406 

14A'i 

From  which  it  follows,  that 

12.5  parts  of  hydrogen, 
396     parts  of  copper, 
403     parts  of  zinc, 
1294     parts  of  lead, 
1 352      parts  of  silver, 
combine  wUh  100  parts  ofoxygem. 


108  COMBINING  PROPORTIONS. 

These  numbers  prove  to  be  in  some  degree  characteristic  of 
the  substances  to  which  they  are  here  attached,  for  when  tbe 
composition  of  the  sulphurets  of  the  same  substances  is  ex- 
amined, it  is  found  that  exactly  corresponding  quantities  of 
hydrogen,  copper,  &c.  likewise  combine  with  one  and  the  same 
quantity  of  sulphur,  although  not  with  100  parts  of  that  element 
as  of  oxygen.  The  conclusion  from  an  examination  of  the 
sulphurets  is,  that 

12.5  parts  of  hydrogen, 

396     parts  of  copper, 

403      parts  of  zinc,    . 
1294     parts  of  lead, 
1352      parts  of  silver, 

combine  with  201  parts  of  sulphur.  An  examination  of  the 
chlorides  of  the  same  five  elements  likewise  proves,  that 

12.5  parts  of  hydrogen, 

396     parts  of  copper, 

403  parts  of  zinc, 
1294  parts  of  lead, 
1 352     parts  of  silver, 

combine  with  442  parts  of  chlorine.  Hydrogen,  copper,  &c.  ave 
indeed  found  to  \mite  in  the  proportions  repeated  in  these 
tables  with  a  certain  or  constant  quantity  of  all  other  element% 
as  for  example,  with  978  bromine^  with  15/9  iodine,  etc 

On  extending  the  inquiry  to  other  substances,  it  appears  that 
for  each  of  them,  a  number  may  be  found  which  expresses  in 
like  manner,  the  proportion  in  which  that  substance  unitep 
with  100  parts  of  oxygen,  201  of  sulphur,  442  of  chlorine^ 
&c.  These  numbers  constitute  the  combining  proportions,  or 
equivalent  quantities  of  bodies,  which  are  introduced  in  the 
tables  of  the  names  of  the  elements  at  the  beginning  of  this 
chapter,  and  which  are  the  quantities  understood  to  be  ex- 
pressed by  the  chemical  symbols  of  these  bodies.  Any  series 
of  numbers  may  be  chosen  for  the  combining  proportions,  pn>- 
vided  tlie  true  relation  between  them  is  preserved,  as  in  the 
second  series  of  numbers  given  in  the  same  tables,  which  are 
all  12i  times  less  than  the  numbers  of  the  first  series.  The 
second  series  expresses  particularly  the  proportional  quantity  of 
each  of  the  elements,  which  unites  with  one  part  of  hydrogen^ 
the  element,  the  combining  proportion  of  which  is  the  smalkiti 


COMBINING   PROPORTIONS, 


loy 


tmi  is  on  that  account  taken  here  as  unity.  But  the  other 
warn  which  is  the  most  convenient,  being  adopted,  it  may  then 
he  stated  in  general  terms  that  the  combinhig  proportion  of  a 
iki/tle  mb^ionce  represents  the  tjitantiti/  of  that  substance  which 
mmMnes  with  100  parts  of  oxygen  to  form  a  proio^tlde. 

The  first  law  of  combination  is,  that  bodies  unite  with  each 
other  ill  their  combining  proportions  only,  or  in  multiples  of 
dunx,  and  in  no  intermediate  proportions.  This  law  may  be 
Snstimted  by  the  compounds  of  nitrogen  and  oxygen,  which 
vt  five  in  number,  and  are  composed  as  follows  : 


9ride  of  nitrogen 
Deutoscide  of  nitrogen 
Nitrous  acid 
Peroxide  of  nitrogen 
Ifitric  acid 


•  Nitrogen  177j  oxygen  100 
,  Nitrogen  177>  oxygen  200 
.  Nitrogen  177?  oxygen  300 

*  Nitrogen  177j  oxygen  400 
.  Nitrogen  177>  oxygen  500 

Tie  first  compound  consists  of  a  single  combining  pro- 
yortioxi  of  each  of  its  constituents.  But  in  the  other  com- 
poonds  a  single  proportion  of  nitrogen  is  united  \^nth  quantities 
jgen  which  correspond  exactly  with  two,  three,  four  and 
.  .  umbining  proportions  of  that  element*  In  the  greater 
auznber  of  binary  compoundsj  one  of  the  constituents  at  least  is 
pRsent  in  the  proportion  of  a  single  equivalent,  like  the  nitrogen 
b  ibis  series,  while  the  other  constituent,  generally  the  oxygen 
kttxides,  and  the  electro-negative  element  in  other  compounds, 
ii  present  in  a  multiple  of  its  combining  proportion.  But  the 
miber  of  combining  proportions  which  may  enter  into  a  com- 
poiixid,  is  subject  to  considerable  variation  as  will  appear  from 
tbe  foHowing  examples. 


Urn 

•■■II*"'*' 

Ml    ozygea     + 

One 

proportion 

hfdtog«n, 

fortn*  wrmter. 

Tm 

W^9ti^ 

ktt^Xffeo     + 

One 

M 

form    p<TOxIde  of  hydrogen 

mm 

M   wyitn     + 

Two  proportion* 

copper. 

formi    Buhoxide  of  copper. 

«te 

m 

■olptiiti    ^ 

Thrw 

f* 

oxygen. 

1,        tulphuric  sdd. 

Tm 

F«p0ttoM  tulpliar   ^ 

Two 

«• 

o*ygpn. 

form     bypostilphuroui  add. 

TW 

•• 

Iroo         + 

Three 

•• 

ojtygen. 

J,       peroildeoflron. 

1^ 

m 

miiptnu  <(- 

Five 

n 

otygcn. 

„       bfpomilpburic  «cid. 

fm 

- 

«t 

oxygen, 

„       hyperronnipiiilc  J»c1d. 

Representing  the  constituents  of  a  binary  compound  by  A 
likd  JB,  tlie  last  being  the  oxygen  or  electro-negative  constituent, 
Ihc  most  frequent  combination  is  A-fB^  then  A  +  2B,  A  +  3B, 
ftfulA-hSB.  The  combination  of  2A4-3B,  is  not  unfrequent, 
biit2A+B,  A-f4B,  A+7B,  2  AH-2B,  or  2A  +  5B  are  of  com- 
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paratively  rare  occurrence.  Combination  between  two  elj 
meiits  is  not  known  to  occur  in  more  complicated  ratios  tha 
the  preceding,  if  the  compounds  of  carbon  and  hydrogen  be 
excepted,  which  are  numerous  and  exhibit  great  diversity  of 
composition,  like  the  compounds  of  oi^nic  chemistry  geno* 
rally,  to  which  they  properly  belong. 

Combination  likewise  takes  place  among  bodies  which  arc 
themselves  compound,  in  proportional  quantities,  which  arc 
fixed,  and  determined  by  the  law,  that  the  combining  number  of 
a  compound  body  is  always  the  sum  of  the  combining  nurabeirs 
of  its  constituents.  Thus  oil  of  vitriol,  which  is  a  combination 
of  water  and  sulphuric  acid,  is  composed  of  these  bodies  in  the 
proportion  of 

Water  .  .  112.5 

Sulphuric  acid  .  501 

in  which  the  combining  proportion  of  the  water  (112,5)  is 
sum  of  the  proportions  of  its  constituents ;  namely,  of  oxyg 
100  and  of  hydrogen  12.5;  and  that  of  sulphuric  add  (501),  of 
those  of  sulphur  201  and  of  oxygen  30O,  there  being  three  pro- 
|>ortions  of  oxygen  in  sulphuric  acid*  The  combining  proj 
tion  of  oxide  of  zinc  is  503,  the  sum  of  oxygen  100  and 
403,  and  the  compound  of  this  oxide  with  sulphuric  acid, 
the  salt,  sxdphate  of  zinc,  consists  of 

Oxide  of  zinc  .  *  503 

•^  Sulphuric  acid  .  .  501 

1004 
Of  potash,  the  combining  proportion  is  590,  or  oxygen  1( 
added  to  potassium  490,  and  to  this  proportion  of  potash  tlie 
usual  proportion  of  sulphuric  acid  is  attached  in  the  sulphate  of 
potash,  which  is  composed  of 

Potash  .  ,  ,  590 

Sulphuric  acid  .  501 

1091 

Of  these  salts  themselves,  tlie  combining  proportions  ought  to 
be  the  sums  obtained  by  the  addition  of  the  numbers  of  their 
constituents  ;  and  accordingly  the  double  sulphate  of  wnc  and 
potash  consists  of 

Sulphate  of  zinc  .  1 004 

Sulphate  of  potash        .  1091 

2095 
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Of  nitric  add  the  constituents  are  one  proportion  of  nitrogen 
17/9  Rod  five  of  oxygen  500,  making  together  6/7,  which 
is  the  combining  proportion  of  that  acid,  and  is  found  to 
unite  with  112.5  water^  with  503  oxide  of  sine,  and  with  590 
potash,  or  with  the  same  quantities  of  these  oxides  as  combine 
with  501  sulphuric  acid.  Carbonic  acid  is  composed  of  one 
pnqportion  of  carbon  JG,  and  two  pniportions  of  oxygen  200,  so 
that  its  combining  number  is  27C,  in  which  proportion  it  unites 
with  590  potash,  to  form  the  carbonate  of  potash.  Tlie  equi- 
nlent  quantities  of  all  other  acids  and  bases  correspond  in  like 
Banner  with  the  numbers  deducible  from  their  composition. 
Indeed  the  law  is  found  to  hold  in  compounds  of  every  class  and 
character^  and  whether  they  contain  few  or  many  equivalents  of 
their  elements.  Thus  of  the  vegeto-alkali  morphia,  which  con- 
tains a  large  number  of  equivalents,  the  combining  proportion 
is  the  high  number  3586,  which  is  the  sum  of  thirty-four  pro- 
portions of  carbon  2584,  eighteen  proportions  of  hydrogen  225, 
one  proportion  of  nitrogen  I/?*  R"d  six  proixirtions  of  oxygen 
€00 ;  3586  morphia  being  found  to  unite  with  501  sulphuric 
iddy  or  a  combining  proportion  of  that  acid,  to  form  the  sul- 
jihate  of  morphia. 

Compound  bodies  likewise  unite  among  themselves  in  mul* 
tipks  of  their  combining  proportions,  as  well  as  in  single 
equivalents.  Thus  590  potash  combine  with  652  chromic  acid, 
ladwith  double  that  quantity,  or  1304  chromic  acid,  to  form 
^  yellow  and  the  red  chromates  of  potash ;  the  first  contain- 
iof  one  equivalent,  and  the  second  two  equivalents  of  acid.  Tlic 
oecorrence  of  multiple  proportions  was  well  illustrated  by  Dr. 
Wdlaston  in  the  carbonate  and  bicarbonate  of  potash.  A  quan- 
tity of  the  latter  salt  being  divided  into  equal  parts,  one  half  was 
exposed  to  a  red  heat,  by  the  effect  of  which  the  salt  lost  some 
earbonic  acid  and  became  neutral  carbonate,  and  both  portions 
being  afterwards  decomposed  by  an  acid,  the  salt  in  its  original 
ooodirion  was  found  to  afford  a  measure  of  carbonic  acid  gas 
exactly  the  double  of  that  yielded  by  the  portion  exposed  to 
the  high  temperature.  By  experiments  equally  simple  and 
ocmvincing,  he  proved  that  in  the  three  salts  formed  by  oxalic 
arid  and  potash,  the  quantities  of  acid  which  combine  with  the 
sune  quantity  of  alkali  are  rigorously  among  themselves  as  tlie 
numbers  1,  2,  and  4.  The  composition  of  all  other  super  and 
tub  salts  is  found  to  be  in  conformity  with  the  same  law,  one  of 
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the  constituents  being  always  present  in  the  proportion  of 
or  more  equivalents. 

The  combining  proportions  of  compound  bodies  depead 
entirely  therefore  upon  those  of  their  constituents,  or  upon  the 
equivalents  of  tlie  elementary  bodies.  The  mode  of  determining 
these  fundamental  equivalents  generally  consists,  as  may  be 
anticipated,  in  ascertaining  the  quantity  of  any  element  whidh 
exists  united  with  100  parts  of  oxygen  in  the  protoxide  of  thai 
element,  which  quantity  is  \Hewed  as  a  single  equivalent.  Tims  of 
hydrogen  and  lead,  the  protoxides  are  water  and  litharge,  in  whidl 
respectively  1 00  oxygen  are  associated  with  1 2.5  hydrogen  and 
1294  lead,  which  numbers  are  therefore  single  equivalents  of  these 
elementary  substances.  But  the  difficulty  still  remains  to  know 
what  is  a  protoxide  •,  for  the  nde  is  not  followed  in  all  cases  to 
consider  that  oxide  of  an  element  as  the  i>rotoxide  which  contains 
the  least  proportion  of  oxygen.  When  only  one  oxide  is  knowilt 
it  is  presumed  to  be  a  protoxide  and  composed  of  single  equiva- 
lents, unless  it  corresponds  in  properties  with  a  higher  degree 
of  oxidation  of  some  other  element ;  and  of  several  oxides  di^ 
the  same  element  that  containing  least  oxygen  is  viewed  as  tht 
protoxide,  unless  a  higher  oxide  has  better  claims  to  be 
sidered  as  such.  Hence  magnesia  and  oxide  of  sine  being 
only  oxides  of  magnesium  and  zinc  known  are  protoxii 
and  water,  litharge,  potash,  soda,  lime,  and  protoxide  of 
which  are  all  the  lowest  oxides  of  different  metals,  are  admitted 
without  objection  to  be  protoxides,  and  become  st^  V  '  i^f 
comparison  for  this  class  of  bodies ;  while  alumina,  the  ^  -tie 
of  aluminum,  diflFering  entirely  from  the  protoxide  of  iron  blit 
closely  resembling  the  peroxide  of  that  metal,  is  coi  '  !  a 
peroxide  of  similar  constitution,  or  to  contain  three  t  ^  ite 

of  oxygen  and  two  of  metal.  Now  in  alumina  300  oxygen,  or 
three  equivalents,  are  united  with  342  aluminum*  '  '  Tof 
which  number,  or  171^  i«  therefore  the  equivalent  of  uk 

The  true  protoxide  of  aluminum,  if  it  is  capahle  of  existingt 
still  remains  to  be  discovered.  Tlie  first  degret*  of  oxidation  rf 
chromium,  or  the  green  oxide,  is  likewise  a  peroxide  and  not  e 
protoxide,  being  ajialogous  to  alumina  and  the  peroxide  of  iitm. 
On  the  other  hand  the  second  degree  of  oxidation  of  copper,  of 
the  black  oxide,  and  not  the  first  degree  of  oxidation  of  thai 
metal,  must  be  vnewed  as  the  protoxide,  or  as  composed  of 
aiiigle  equivalents,  from  its  correspondence  with  the  protoxide 
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i£  iixm  and  a  large  class  of  admitted  protoxides.  The  lower 
iegrte  of  oxidation  of  copper  or  the  red  oxide>  which  contains 
on^  half  the  proportion  of  oxygen  in  the  black  oxide,  comes 
ttoefore  to  be  considered  a  sub  oxide,  or  a  compound  of  two 
CfnirMlents  of  metal  and  one  of  oxygen*  For  reasons  somewhat 
andlar  the  higher  of  the  two  grades  of  oxidation  of  mercury, 
m  due  red  oxide  of  Uiat  metal,  is  now  generally  acknowledged 
to  be  the  protoxide  or  to  be  composed  of  single  equivalents, 
ami  the  ash  coloured  oxide  reputed  a  sub  oxide-  These  sub- 
fodes  of  mercury  and  copper  are  capable  of  combining  with 
midj^  but  they  are  the  only  sub-oxides  which  possess  that 
poperty.  It  is  the  character  of  protoxides  to  form  salts  mth 
lads ;  end  of  several  oxides  of  the  same  metal,  the  protoxide  is 
ahrays  the  most  powerful  base. 

Bodies  Ukewise  replace  each  other  in  combination,  in  equiva- 
leit  quantities.  Thus  in  the  decomposition  of  water  by  chlo- 
lioe^  which  occurs  in  certain  circumstances,  442  parts  of  clilo- 
tine  unite  with  12,5  hydrogen  or  one  equivalent  of  that  body,  to 
iann  hydrochloric  acid,  and  displace  at  the  same  time  and 
IGO  parts  of  oxygen.  Hence  the  number  ^4:^  repre- 
I  the  combining  proportion  of  chlorine  which  is  equivalent 
ii  eombination  to,  or  can  be  substituted  for  100  oxygen.  Again 
h  decomposing  hydriodic  acid,  442  chlorine  unite  with  12*5 
Ifdrogen^  and  liberate  1580  iodine,  which  proportion  of  iodine 
■^  agmti  acquire  1 2,5  hydrogen  by  decomposing  sulphuretted 
iyifcugtiu  and  set  free  201  sulphur.  Hence  1580  and  201  are 
tfeaqoiTalent  quantities  of  iodine  and  sulpliur^  which  take  the 
|iioe  of  442  chlorine  or  100  oxygen  in  combination  with  12.5 
Aj|<rogeu.  When  403  parts  of  zinc  are  introduced  into  a 
idDtkMi  of  nitrate  of  copper,  tliey  dissolve,  acquiring  100 
ocygcfi  and  677  nitric  acid,  and  become  nitrate  of  zinc,  while 
J9i  parts  of  metallic  copper  are  deposited,  which  had  previously 
btoi  in  the  state  of  nitrate  and  in  corabuiation  with  the  above- 
mentianed  quantities  of  oxygen  and  nitric  acid|  and  the  solu- 
Kioci  remains  otherwise  unaltered.  Zinc  throws  down  nearly  all 
tbt  metals  from  tlieir  solutions  in  acids  in  the  same  manner, 
md  if  the  quantity  of  this  substance  introduced  into  the  solu- 
Ii0lis  and  dissolved^  be  a  combining  proportion,  as  in  the 
iagtance  given,  the  quantities  of  the  metals  precipitated  wAl  also 
be  oambtnuig  proportions  of  those  metaJs.  The  quantity  of 
mc  empbyed   may  be  varied,  but  the  quantity  of  other  metal 
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precipitated  will  still  be  to  the  quantity  of  zinc  dissolved,  in 
ratio  of  the  combining  numbers  of  the  two  metals.  Lead^ 
copper,  tin,  or  any  otlier  metal,  when  it  acts  like  zinc  as  a 
precipitant,  likewise  throws  down  equivalent  quantities  of 
other  metals,  and  takes  their  place  in  the  pre-existing  compound. 
The  substitution  in  a  saline  compound  of  one  metal  for  another, 
which  thus  occurs,  without  any  change  in  the  character  of  the 
compound,  shows  how  justly  the  combining  proportions  of 
bodies  are  also  termed  their  equivalent  quantities  or  equivalents. 
The  metal  displaced,  and  that  substituted  for  it,  have  evidently 
the  same  value  in  the  construction  of  the  compound,  and  aro 
truly  equivalent  to  each  other, 

Tlie  equivalent  proportions  of  such  oxides  as  are  bases^  nm 
ascertained  by  finding  what  quantity  of  each  saturates  the  knowo 
combining  proportion  of  an  acid.  Thus  to  saturate  501parts^  or  a 
combining  proportion  of  sulphuric  acid,  the  following  proportioni 
of  diflerent  bases  are  requisite,  and  arc  equi^^ent  in  producing 
that  effect : 

Magnesia      .        .        .         .258 

Lime  ....     35(5 

Soda  ,         .         .        ,391 

Protoxide  of  manganese         *     445 

Potash  .  .         ,590 

Strontian       ....     647 

Barytes         ,         .        ,         ,    956 

Protoxide  of  lead         .         .  1394 

Oxide  of  silver      .        .        -  1450 
The  addition  of  these  bodies  to  sulphuric  acid  in  the  al 
proportions  destroys  its  sour  taste  and  other  properties  as 
acid,  of  which  the  most  characteristic  is  that  of  reddening  cscr* 
tain  vegetable  blue  colours,  such  as  litmus.    The  acid  is  saLd  to 
be    neutralized   or   saturated,   and  the   product  or  compound 
formed  is  a  neutral  salt  which  does  not  alter  the  blue  colour  of 
litmus.     Of  the  bases  mentioned,   magnesia  has  the  greatest 
saturating  power,  and  oxide  of  silver  the  least;  the  proportion 
of  these  bases  necessary  to  saturate  the  same  quantity  of  sul- 
phuric acid  being  258  of  the  former,  and  1450  of  the  latter. 

Conversely  the  equivalent  proportions  of  acids  are  the  quan- 
tities which  neutralize  the  known  equivalent  of  any  base  or 
alkali.  Thus  590  parts  of  potash,  or  a  combining  proportion  is 
deprived  of  its  alkaline  properties,  of  which  the  most  obvi' 
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ire  itj8  caustic  taste  and  power  to  restore  the  blue  colour  of  rcd- 
deocd  litmus,  by  the  following  proportions  of  different  acids, 
mil  a  neutral  compound  or  salt  produced  in  every  case  : 


401 
501 
454.5 

€77 

912 

1142 

2078 

2278 


Sulpliurous  acid 
Sulphuric  acid 
Hydrochloric  acid     . 
Nitric  acid 
Chloric  acid 
Hyperchloric  acid     . 
Iodic  acid 
Hyperiodicacid 

It  thus  appears  that  the  acids  differ  as  widely  among  them- 
lelires  in  their  equivtilent  quantities  as  the  bases  do.  The  equi- 
fileiit  of  either  an  acid  or  base  thus  deduced  from  its  neutral- 
iniig  power  is  always  the  same  as  that  indicated  by  its 
oomposition,  namely  the  sura  of  the  equivalent  numbers  of  its 
eeiBstituents^  As  the  bases  which  saturate  acids  fully  are 
iD  protoxides,  it  also  necessarily  follows  that  there  are  always 
100  parts  of  oxygen  contained  in  the  proportion  of  base  w^hich 
nentnltzcs  the  equivalent  of  an  acid. 

The  equivalents  of  both  acids  and  bases  are  like\iise  observed  in 
liume  decompositions  in  which  one  acid  is  substituted  for  anotlier 
in  combination,  or  one  base  for  another  base.     Thus   an 
lent  of  sulphuric  acid  is  found  to  disengage  the  equivalent 
itity  exactly  of  sulphurous  acid  from  the  sulphite  of  soda, 
^nitric  acid  from  the  nitrate  of  potash  or  of  hydrochloric  acid 
the  chloride  of  sodium,  and  to  replace  it  in  combination 
the    base,    forming  in    every  case   a  neutral  sulphate, 
|uivalent  of  potash  separates  in  like  manner  an  equivalent 
nesia^  of  lime,  of  barytes  or  of  protoxide  of  lead  from  its 
iination  wnth  an  acid.  The  proportion  of  acid  or  base  neces- 
to  produce  a  certain  amount  of  decomposition  may  tliere- 
bc  calcuUted   from   a  knowledge   of  the   equivalents   of 
Bc«,  and  such  knowledge  comes  to  be  of  the  most  frequent 

mluable  application  for  practical  purposes. 

Beit    the    suljstitution  of  equivalent  quantities  of  different 

bodiesi  for  one  another  is  most  strikingly  exhibited  in  the  de- 

npuoritious  whicli  follow  the  mixture  of  certain  neutral  salts. 

eqturalent  of  nutphate  of  magnesia  being  mixed  with   an 

fqui%*iilcnt  of  nitsute  of  barytes,  the  two  bases  exchange  acids. 


^_ 
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After  dccompoiitia 
.  .  935  nitrate 
magnesia.! 


the  original  salts  disappear  completely  and  t^'o  new  salts 
produced,  the  sulphate  of  barj^tes  which  is  insoluble  and  prec 
pitates,  and  the  nitrate  of  magnesia  which  remains  in  solutic 
as  represented  in  the  following  diagram  in  which  the  equivalei 
quantities  are  expressed  t 
Before  decom position « 

759  sulphate      f  258  magnesia 

of  magnesia       1501  sulphuric  acid 
1634  nitnite      f  (>77  nitric  acid 

ofbarytes        \l>57harytcs  .         

1458  sulpha 
of  barytes 

After  a  double  decomposition  of  this  kind,  the  liquid  remaii 
neiitralj  or  there  is  no  redundancy  of  either^cid  or  base,  becaiJ 
each  of  the  new  salts  is  composed  of  a  single  equivalent 
add  and  of  base  like  the  salts  from  which  they  are  formed, 
one  of  the  salts  be  added  in  a  larger  proportion  than  its  equ 
valent  quantity  the  excess  does  not  interfere  with  the  decon 
position^  and  remains  itself  unaffected^  the  decomposition  pr 
?  eeeding  no  farther  than  the  equivalents  present.      Hence 
!  general  observation  that  neutral  salts  continue    neutral 
I  ^lecom position,  in  whatever  proportions  they  may  be  mixed. 
But  the  modes  of  fixing  the  equivalent  numbers  which  hai^ 
been  stated  are  mapplicable  to  several  elementary  bodies,  si: 
as  nitrogen,  phosphorus^  carbon,  boron,  silicon  and  some 
tals,  of  which  the  protoxides  are  not  bases  and  are  unc 
'  Nitrogen  ent^ers  into  nitric  acid,  of  which  acid  it  is  known 
the  equivalent  is  677j  ^^^  that  it  contains  five  equivalents 
500  parts  of  oxygen,  and  consequently    177  parts  of  nitrog 
It  is  doubtful,  however,  whether  177  represents  one  or 
equivalents  of  nitrogen.     But  the  equivalent  of  ammonia  like- 
wise contains  1 77  nitrogen,  and  a  less  proportion  is  never  found 
iji  the  equivalent  of  any  other  compound  into  which  that  ele- 
ment enters,    l^he  number  177  is>  therefore,  the  least  cami 

roportion  of  nitrogen »  and  must  on  that  account  be  taken 
'^^One  equivalent.     The  equivalent  of  phosphorus  can  be  shoii 
on  the  same  principle  to  be  392.28,  that  of  arsenic  940*08 
that  of  antimony  16l2.!K),  as  given  in  the  tables,  and  not 
halves  of  these  numbers  as  commonly  estimated,     lliese  thr€ 
bodies  agree  with  nitrogen  in  their  chemical  relations,  and  the 
numbers  recommended  represent  the  quantities  which  replace 
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177  nitrogen  in  analogoaa  compounds.  The  equivalent  of  car- 
bon may  be  deduced  from  the  known  equivalent  of  its  com- 
ponndy  carbonic  add.  But  the  equivalents  of  boron  and  silicon 
cannot  be  fixed  upon  with  the  same  certainty,  owing  to  the 
doubt  which  hangs  over  the  equivalents  of  boracic  and  silicic 
acids. 

Of  the  facta  which  involve  the  principle  of  combination  in 
definite  and  equivalent  proportions  the  last  mentioned  api)cani 
to  have  been  the  first  observed  and  explained.  Wcnzel  of  Frey- 
berg  in  Saxony  so  far  back  as  1777  made  an  analysis  of  a  great 
Tariety  of  salts  with  surprising  accuracy,  which  enabled  him  to 
perceive  that  the  neutrality  which  is  observed  after  the  mutual 
decomposition  of  neutral  salts  depends  upon  this,  that  the  quan- 
tities of  different  adds  which  saturate  an  equal  weight  of  one 
base  will  also  saturate  equal  weights  of  any  other  base. 

Bidhter  of  Berlin  confirmed  and  extended  the  observations  of 
Wenzely  attaching  proportional  num)>ers  to  the  acids  and  bases, 
and  lemarking  for  the  first  time  that  the  neutrality  docs  not 
change  during  the  predpitation  of  metab  by  each  other,  and 
also  that  the  proportion  of  oxygen  in  the  eqiuvalents  of  bases 
is  the  same  in  all,  and  may  be  represented  by  100  parts.  But 
the  first  foundations  of  a  complete  system  of  equivalents,  em- 
bracing both  simple  bodies  and  their  compounds  were  laid  by 
Ddton,  at  the  same  time  that  he  announced  his  atomic  theory.* 
Tbe  observation  that  the  equivalent  of  a  compound  body  is  tlie 
mm  of  the  equivalents  of  its  constituents,  and  the  discovery  of 
combination  in  multiple  proportions  are  peculiarly  his.  Dr. 
Wollaston  afterwards  adapted  the  more  important  equivalents 
to  the  common  sliding  rule  of  Gunter,  by  means  of  which,  pro- 
portions can  be  observed  without  the  trouble  of  calculation. 
This  instrument,  which  is  known  under  the  name  of  the  scale  of 
Aemical  eqmvalentSy  contributed  largely  to  the  diffusion  of  the 
knowledge  of  the  proportional  numbers,  but  is  not  itself  of 
much  practical  value. 

The  numerical  accuracy  of  the  equivalents  assigned  to  1)odies, 
depends  entirely  upon  the  exactness  of  the  chemical  analyses 
from  which  they  are  deduced.  The  generally  received  series  of 
numbers,  which  is  adopted  in  this  work«  was  drawn  up  by 
Berzelius  from  data  supplied  in  a  great  measure  by  himself. 

*  New  system  of  Cbcmkal  Phikwupby,  1807. 
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The  consideration  of  the  laws  of  Wenzel  and  Richter,  whicl 
were  long  overlooked  or  misunderstood,  was  revived  by  hirOj^ 
and  by  a  series  of  analytical  researches  unrivalled  for  their  ex^ 
tent  and  accuracy  he  first  impressed  upon  chemistry  the  cha 
racter  of  a  science   o{  number  and  quantity,  which  is  now  it 
highest   recommendation.      Several    of    Berzelius's    numb« 
received  a  valuable  confirmation  from  Dr,  Turner,  whose  in-^ 
quiries  w^ere  especially  directed  to  test  an  hypothesis  respec 
them,  advocated  by  some  of  his  contemporaries ;  namely,  tl 
the  equivalents  of  all  the  elements  are  multiples  of  the  equivj 
lent  of  hydrogen,  and  consequently  if  that  equivalent  be  madti 
equal  to  I,  all  the  others  will  be  whole  numbers*     Dr.  Turner 
results  are  incompatible  ^ith  such  a  relation  among  the  equii 
lent  numbers,  the  existence  of  which  indeed  is  disproved  by 
accurate  analyses.*^ 

Still  the  existence  of  a  simple  relation  between  certain  eqi 
valents  has  been  pointed  out  by  M,  Dumas ;  and  it  is  possibU 
that  the  numbers  of  each  of  the  pairs  below,  which  approac 
80  closely,  would  actually  coincide,   as  they  do  in  one   pa 
were  they  determined  vnth  absolute  accuracy. 


Col>alt       . 
Nickel       . 

.     368.99 
.     369.68 

Platinum 
Iridium     • 

.  1233.5 
.  1233.5 

Osmium    • 
iEq,  Gold 

•  1244.49 
.  1243.01 

Sulphur     . 
iEq.  Tellurium. 

.  201.1' 
.     200.4^ 

But  these  are  the  only  equivalents  between  which  tliere 
good  founds  for  supposing  that  any  relation  exists, 
identity  of  the  atomic  weights  of  platinum  and  iridium  is  thi 
most  certain,  having  been  experimentally  confirmed  by  Berze- 
lius  since  it  was  first  asserted  by  Dumas. 

Of  the  two  series  of  numbers  given  in  the  tables,  tlie 
first  in  which  oxygen  is  made  equal  to  100,  and  which  is 
called  the  oxygen  series,  is  the  most  convenient,  and  will 
alone  be  made  use  of  in  the  following  pages.  The  numbers 
tliis  series  are  so  large  that  the  fractional  portion  may,  I  belie v< 
be  safely  neglected  in  computing  by  them,  being  witlun 
unavoidable  errors  of  observation  in  chemical  analyses,  and  tli6 
nearest  whole  number  may  be  adopted,  except  in  the  followic 
equivalents,  although  even  in  tliem  it  is  unnecessary  to  go  be- 
yond tlie  first  decimal  figure ; 


•  Philosophtcal  Tradficiions,  183$,  p*  523, 
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Hydrogen  •  12.5 

Carbon      .  •  J6A 

Chlorine  .  442.6 

Lead  .  .  1294.5 

The  numbers  belonging  to  the  other  or  hydrogen  series,  are 
all  twelve  and  a  half  times  less  than  the  corresponding  numl>ers 
of  the  oxjrgen  series,  into  which  the  former  may  most  easily  be 
oonTerted  by  multiplying  them  by  one  hundred,  and  di^-iding 
the  product  by  eight.  Or  the  numbers  of  tlie  oxygen  may  be 
lednoed  to  the  hydrogen  scale,  which  many  prefer,  by  dividing 
them  by  one  hundred,  and  multiplying  the  quotient  by  eight. 
Tlie  numbers  of  the  hydrogen  scale  are  of  a  lower  term,  smaller 
■ad  more  easily  recollected  than  the  oxygen  series,  but  their 
fractional  portion  can  seldom  be  neglected  in  computing  by 
means  of  them,  and  the  insecurity  of  the  basis  on  which  tliis  se- 
ries rests  is  a  great  objection  to  its  adoption.  There  is  an  actual 
experimental  difficulty  in  determining  the  equivalent  of  hydro- 
gen with  precision,  arising  from  its  extreme  smallness ;  so  that 
tUs  equivalent  itself  is  more  liable  to  correction  and  alteration 
dan  most  others,  which  would  necessitate  a  corresponding 
cbange  throughout  the  whole  scale. 

ATOMIC  THEORY. 

The  laws  of  combination  and  the  doctrine  of  equivalents  which 
knc  just  been  considered,  are  founded  upon  experimental  evi- 
dence only,  and  involve  no  hypothesis.  Tlie  most  general  of  these 
Jnrs  were  not  however  suggested  by  observation,  but  liy  a  theory 
of  the  atomic  constitution  of  bodies,  in  which  they  are  included, 
md  which  affords  a  luminous  explanation  of  them.  Tlie  partial 
verification  which  tiiis  theory  has  received  in  the  estab- 
Ushment  of  these  laws,  adds  greatly  to  \td  interest,  and  is  a 
strong  alignment  in  favour  of  its  truth.  It  is  the  atomic  Uieory 
of  Dalton,  the  essential  part  of  which  may  be  stated  in  a  few 
vords. 

Although  matter  appears  to  be  divided  and  comminuted  in 
many  circumstances  to  an  extent  beyond  our  powers  of  concep- 
tion, it  is  possible  that  it  may  not  be  indefinitely  divisible ;  that 
there  may  be  a  limit  to  the  successive  division  or  secability  of 
its  parts,  a  limit  which  it  may  be  difficult  or  imjiossible  to  reacli 
by  experiment,  but  which  nevertheless  exists.     Matter  may 
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therefore  be  composed  of  yltimate  particles  or  atoms,  which 
not  farther  divisible,  and  each  of  which  possesses  a  certain 
absolute  and  possibly  appreciable  weight.  Now  the  question 
arises^  is  the  atom  in  every  kind  of  matter  of  the  same  weight, 
or  do  atoms  of  different  kinds  of  matter  diflFer  in  weight  ?  Arc 
the  ultimate  particles,  for  instance^  to  which  charcoal  and  sul- 
phur are  reducible,  of  the  same  or  of  different  weights?  Let  their 
weights  be  supposed  to  be  different,  to  be  in  the  proportion  of 
the  equivalent  numbers  of  sulphur  and  charcoal,  which  thus 
become  atomic  weights^  and  so  of  the  atoms  of  other  elementary 
bodies,  and  the  whole  laws  of  combination  follow  by  the  simplest 
reasoning.  The  atoms  of  the  elementary  bodies  may  be  repre- 
sented to  the  eye  by  spheres  or  by  circles  in  which  their  sym- 
bols are  inscribed  to  distinguish  them,  as  in  the  following 
examples^  with  their  relative  weights. 

Name*  Atom.  Weigbl  of  atom. 

Oxygen.         .         .         .         (g)         .         ,         100 

(g)         .         .  12,5 

(S)        •       •       177 

©  .  .  76.4 

(S)         .         .         201 
@         ,         .       1294.5 
takes     place    between    the   atoms 
bodies,  which  then  come  into  juxta-position;  and  in  decom] 
sition  the  simple  atoms  separate  again  from  each  other,  in 
session  of  their   original   properties.     The    atom   or   integrant 
particle  of  a  compound  body  is  an  aggregration  of  simple  atoiii% 
and  must   therefore  have  a  weight  equal  to  tlie  sum  of  their 
weights,  as  will  be  obvious  from  tlic  exhibition  of  the  atomie 
constitution  of  a  few  compounds. 

Atom. 

Water  (oxide  of  hydrogen)  CHPiO; 

Protoxide  of  nitrogen.       •  ®(2) 

Deutoxide  of  nitrogen.      ,  ®@® 

Sulphuric  acid.  ,         .  (sXoXoI 

It  is  unnecessary  to  make  any  assumption  m  to  the  natuf^ 


Hydrogen 
Nitrogen. 

Carbon* 
Sulphur 
Lead. 
Chemical    combination 


Oxide  of  lead. 
Sulphate  of  lead. 


WeighL 

12.5  +100=   112.5 
177  +100=  277 
177  +200=  377 

201    +300=  501 
1294.5  +  100=1394.5 

1394.5  +  500=1895.5 
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mt,  form,  or  even  actaal  weight  of  the  atoms  of  elementary 
bodies^  or  as  to  the  mode  in  which  they  are  grouped  or  arranged 
meompounds.  AU  that  is  known  or  likely  ever  to  be  known 
respecting  them  is  their  reUtive  weight.  The  atom  of  oxygen 
is  eight  times  heavier  than  that  of  hydrogen,  or  tliey  are  to  each 
other  as  100  to  12.5,  but  their  actual  weights  are  undetermined. 
To  afford  the  means  of  expressing  the  relative  weights  of  these 
and  oilier  atoms,  a  number  which  is  entirely  arbitrary  is  assigned 
to  one  of  them,  namely  100  to  the  atom  of  oxygen,  and  then 
Ae  weight  of  the  atom  of  hydrogen  can  be  said  to  be  12.5,  of 
mtrogen  177)  of  carbon  76*4j  of  sulphur  201,  and  of  lead  1294.5. 
A  single  atom  of  water  contains  one  atom  of  oxygen,  (100)  and 
one  of  hydrogen,  (12.5)  and  must  therefore  weigh  112.5;  an 
ifeom  of  oxide  of  lead  contains  one  atom  of  oxygen  and  one  of 
ksd,  which  weigh  together  139-1.5;  an  atom  of  sulphuric  acid, 
one  atom  of  sulphur  and  three  atoms  of  oxygen,  which  weigh 
together  501 ;  and  an  atom  of  sulphate  of  lead,  including  one  of 
CMh  of  the  preceding  compound  atoms  must  weigh  1294.5  + 
501,  or  1795.5. 

The  equivalent  quantities  being  now  represented  by  atoms, 
it  necessarily  follows  that  bodies  can  combine  in  these  quantities 
or  multiples  of  them  only,  and  not  in  intermediate  proportions, 
Sof  atoms  do  not  admit  of  division.  In  a  series  of  several  com- 
foonds  of  the  same  elements,  such  as  the  oxides  of  nitrogen, 
lAich  was  formerly  referred  to  in  illustration  of  combination  in 
■ultiple  proportions,  (page  109)  one  atom  of  nitrogen  combuies 
with  one,  two,  three,  four  and  five  atoms  of  oxygen,  and  a  simple 
ntio  between  the  quantities  of  oxygen  in  these  compounds  is  the 
eonsequence.  The  equivalent  of  a  compound  body  also  is  the 
iomofthe  equivalents  of  its  constituents,  for  the  weight  of  a 
compound  atom  is  the  weight  of  its  constituent  atoms. 

By  the  juxtaposition,  separation,  and  exchange  of  one  atom 
for  another  in  compounds,  all  kinds  of  combination  and  de- 
composition in  equivalent  quantities  may  be  produced,  while 
tbe  substitution  of  ponderable  masses  for  the  abstract  idea  of 
equivalents  renders  the  whole  changes  most  readily  concciva1)lc. 
This  theory  being  adopted  as  a  useful,  while  it  is  at  the 
same  time,  a  highly  probable  representation  of  the  laws  of 
combination,  its  terms  atom  and  atomic  weight  may  be  used 
as  synonymous  with  equivalent,  equivalent  quantity  and  com- 
bining proportion. 
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M.  Dumas  is  disposed  to  modify  the  atomic  theory  so  ftr  , 
as  to  allow  the  divisibility  of  the  atoms  or  ultimate  masMt 
in  which  a  body  enters  into  combination^  and  to  suppose  thflfc 
they  are  groups  of  more  minute  atoms,  into  which  they  may 
be  divided  by  physical,  but  not  by  chemical  forces.    He  di»» 
tinguishes  the  atoms   which   correspond  with  equivalents  as 
chemical  atoms,   and    allowing  them  to  represent  truly  and 
constantly   the    least  quantities    in    which    bodies  combi 
still    supposes  that  under   the    influence    of  heat  and 
haps    other  physical  agencies,    these  molecules  may  be 
divided  into  atoms  of  an  inferior  order,  of  which  for  examj 
two,   four  or  a  thousand  are  included  in   a  single  ch< 
atom.*    But  surely  such  a  view  is  entirely  subversive  of 
atomic  theory.      It  is    principally   founded  on  the 
existence  of  a  similarity  between  atoms  in  their  capacity 
heat,  and  in  their  volume  while  in  the  gaseous  state,  in 
it  would  be  more  natural  to  admit  a  difference  among 
atoms. 

SPECIFIC  HEAT  OF  ATOMS. 

The  quantity  of  heat  necessary  to  raise  the  temperature 
equal  weights  of  different  bodies  a  single  degree,  varies  acooidM| 
ing  to  their  nature,  and  may  be  expressed  by  numbers  whi 
are  the  capacities  for  heat  or  specific  heats  of  these 
(page  22).    This  difference  appears  in  the  numbers  for  i 
simple  bodies  placed  together  in  the  first  column  of  the  taliftfl 
below,  among  which  no  relation  can  be  perceived.     But  if  tU  j! 
comparison  is  made  between  the  capacity  for  heat  not  of  eqtUt^ 
weights,  but  of  a/omtc  weights  or  equivalent  quantities  of  tM^ 
same  bodies,  as  in  the  second  and  third  columns  of  the  tabh^   . 
then  the  numbers  for  several  bodies  are  found  to  be  neaiiy 
the  same,  and  those  of  others  to  bear  a  simple  relation  to  eidi 
other. 

*  Le^nfl  Bur  la  Philusophie  Chimique,  profetito  au  CoU^  de  France*  §m 
M.  Dumas,  page  233.    Paris,  1837. 
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MS 


SPECrFlC  HEAT 


[mm 
tiur 


Hfcr 


kfioe 


anis 


Ctahoci 

bwth    . 
or  the  first 


Of  cqajil 

Specific  lieai 

of  Sftme 

weiffbt  ofwu- 

tcr  bcinif  1. 

0.0293  . 

0.05  J  4  . 

0.0927  . 

0.0949  , 

0J0S5  , 

oaioo    , 

0.0S14     . 
0.1880     , 

o.oaso    • 

0.0912     . 
O.OHl 
0.0557 
0.0298     . 
0.385       . 
0.089 
0.1498     • 
0.25 

0.028S     * 
nine  substances 


II. 

Of  atoms. 

S|>ecific  hpttt 
of  utom 
of  wntCT  beiog 
1. 

0.3372  . 

.     0.3358  . 

0.3321  . 

0.3340  . 

0.3404  • 

0.3315  . 

0,3443  . 

0.3359  . 

0.3714  . 

0.6501  . 

0.67G8  . 

0.6694  . 

0.6585  . 

1,3415  . 

1 .2500  . 

0.4914  . 

0.1698  . 

0.2271  . 
which  are 


III. 

Of  atoms. 

Specific  hpat 

of  atoiQ 
of  lead  being 
1. 

1.0000  . 

0.99(iO  . 

0.9850  . 

0.9908  . 

1.0095  . 

0.9831  , 

L02J1  . 

0.9963  . 

1.1015  . 

1.9283  . 

2.0074  . 

1.9855  . 

1-9531  . 

3.9789  . 

3.7074  . 

1.4574  . 

0.5036  , 

0.6736  . 


IV. 

Atooiic 


1294,5 

735 

403 

396 

370 

339 
1234 

201 
1266 

802 

940 
1353 
2486 

392 
1580 

369 
76.4 

887 


all  metals,  with  the 
ioti  of  sulphur,  the  capacities  of  the  atoms  approach  so 
filittdjr*  that  they  may  be  considered  as  identical ;  their  capa- 
Qliei  iippearing  t4>  be  all  nearly  one-third  of  that  of  the  atom 
rfiraler,  in  the  second  column;  and  nearly  coinciding  with 
tie  o^Micity  of  the  atom  of  lead,  one  of  their  number  in  the 
tWrd  oolamn.  The  weights  of  the  atoms  themselves  are  added 
ft  m  fourth  column,  for  convenience  of  reference.  The  nine 
iubstatioe^  in  question,  taken  in  the  proportions  of  their  atomic 
Higbts,  wQl,  therefore,  undergo  an  equal  change  of  tempera- 
Int  on  assuming  an  equal  quantity  of  heat.  The  four  metals 
vbidi  foOcrw  in  the  table,  namely,  teDurium,  arsenic,  silver 
mi  gold,  appear  to  have  an  equal  capacity  for  heat,  which  is 
In^e  tliat  of  lead  and  the  class  wiiieh  coincides  with  it,  while 
Ae  capacity  of  phosphorus  and  iodine  is  four  times  greater 
liian  thai  of  lead  and  its  class.    The  capacity  of  the  atom  of 


124 


SPECIFIC  HEAT  OF  ATOMS. 


cobalt  appears  to  be  once  and  a  half,  and  that  of  Hie  atom  ^ 
carbon  to  be  one-half  of  that  of  lead.  But  bismuth  appeaii  j 
have  no  clear  relation  to  the  others^  the  capadtj  of  its 
being  0.6736,  referred  to  that  of  lead  as  1.  The  general  i 
therefore,  may  be  stated  as  follows  : 
Specific  heat  of  atom  of  lead 


tin 

•          X 

zinc 

.    1. 

copper 

nickel 

iron 

platinum 

sulphur 

mercury 

tellurium 

.     2 

arsenic 

.     2 

silver 

.     2 

gold 

.    2 

phosphon 

IS       .    4 

iodine 

*    4 

cobalt 

.    .  u 

carbon 

.         .       h 

thei 


Messrs.  Dulong  and  Petit,  whose  researches  supplied 
valuable  results,  drew  a  more  general  conclusion  from 
namely  that  all  atoms,  or  at  least  all  simple  atoms^  have 
same  capacity  for  heat,  and  that  those  atomic  weights 
are  inconsistent  with  that  supposition,  ought  to  be  altered  i 
accommodated  to  it.    The  specific  heat  of  a  body  would  t 
afford  the  means  of  fixing  its  atomic  weight.     Some  of 
terations  in  the  atomic  weights,  which  would  follow  the 
tion  of  this  law,  might  be  advocated  upon  other  grounds, 
as  halving  the  atomic  weights  of  silver  and  gold,  but 
other  changes  equally  inevitable  are  wholly  inadmissible; 
as  dividing  the  atom  of  tellurium  by  two^  or  reducing  it  £poml 
802  to  401,  although  the  most  perfect  analogy  subsists  belwcafcj 
tellurium  and  sulphur  in  their  compounds,  in  all  of  which  SOB': 
parts  tellurium,  and  not  401,  replace  201  sulphur  or  one  eq|ai» 
valent.     The  equivalent  of  phosphorus  would  require  to  hi 
divided  by  four,  while  that  of  arsenic,  which  it  so  closely  10* 
presents  in  compounds,  is  divided  only  by  two.     Of  the  ad* 
mitted  equivalents  of  nickel  and  cobalt  also,  which  replace  aich 
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rAv  in  amlogoas  oompoundi,   the  fint  remains  unaltered, 
ijrilB  Ae  last  mnst  be  reduced  to  two-thirds  of  its  present 

MODt, 

I  h  most  be  concluded  then,  that  elementary  atoms  have  not 
MKSBarily  the  same  capacity  for  heat,  although  a  simple  re- 
kkm  appears  always  to  exist  between  their  capacities.  The 
opidties  of  the  three  gaseous  elements,  oxygen,  hydrogen  and 
iilrogen,  may  likewise  be  adduced  in  support  of  such  a  relation, 
jnfided  they  are  the  same  for  equal  volumes  of  the  gases, 
ipeeably  to  the  observations  of  Dulong.  But  this  relation  can 
iriy  be  looked  for  between  bodies  while  under  the  same  physi- 
al  condition,  and  perhaps  agreeing  in  other  drcumstances 
ito,  for  the  capacity  for  heat  of  the  same  body  is  known  to 
Hry  under  the  different  forms  of  solid,  liquid  and  gas;  and, 
ideed,  while  the  body  is  in  the  same  state,  its  capacity  ap- 
ian not  to  be  absolutely  constant,  but  to  increase  perceptibly 
I  derated  temperatures  (page  23). 

Hie  cifMieities  of  compound  atoms  have  not  been  submitted 
•  a  sufficiently  extensive  examination  to  determine  whether 
qpaDy  simple  relations  subsist  generally  among  them.  In 
■D  dasws  of  analogous  combinations,  however,  the  capacities 
f  die  atoma  for  heat  have  been  found  by  M.  Neumann  to 
so  closely,  that  they  may  be  admitted  to  be  the  same, 
being  sufficiently  accoimted  for  by  the  errors  of 
unavoidable  in  such  dehcate  researches. 


or  equal  weighu. 

Of  atomic  wdgbta. 

Specific  hemt  of 

Specific  heat  of 

•Aine  weight  of 

atom  of  water 

water  being  1. 

being  1. 

Caibonate  of  lime 

0.2044 

0.1148 

Caibonateofbarytes   • 

0.1080 

0.1181 

Caibonate  of  iron 

0.1819 

0.1156 

Caibonate  of  lead 

0.0810 

0.1200 

Carbonate  of  zinc 

0.1712 

0.1187 

Caibonate  of  strontian 

0.1445 

0.1184 

Dolomite  (carbonates  of  li 

me  and 

magnesia) 

0.2111 

0.1121 

Mean  0.1168 

A  small  class  of  sulphates  presented  a  similar  result : 

Of  equal  weightt.         Of  atomic  weighta 

Sulphate  of  barytes  0.1068  0.1384 
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Sulphate  of  lime 

0.1854 

0.141S 

Sulphate  of  strontian   . 

O.ISOO 

0.1SM1 

Sulphate  of  lead 

0.08SO 

0.1S9» 

Mean        .        0.1380., 
The  numbers  in  the  second  column  of  both  tables, 
very  little  from  their  mean,  but  there  is  no  relation 
the  two  means.     Identity  in  capacity  for  heat  is, 
be  looked  for  in  compound  atoms  of  the  same  naturei . 
which  closely  agree  in  their  chemical  relations,  like  the 
bers  of  each  group,  but  not  between  compound  atoms 
are  differently  constituted. 

RELATION  BETWEEN  THE  ATOMIC  WEIGHTS  AND  VOLUMES  Ofi 
BODIES  IN  THE  GASEOUS  STATE. 

Several  of  the  elementary  bodies  are  gases,  such  as 
hydrogen,  nitrogen  and  chlorine,  and  the  proportions  in 
they  combine  can  be  determined  by  mea9ure  with  equali'^ 
not  greater  facility  than  by  weight.  A  relation  of  the  simp 
nature  is  always  found  to  subsist  between  the  measures  or^ 
lumes  in  which  any  two  of  the  gaseous  elementary  bodies  y 
This  arises  from  the  circumstance  that  the  specific  gravities 
gases  either  correspond  exactly  with  their  atomic  weights,'^ 
bear  a  simple  relation  to  them.  The  atom  of  chlorine  is  \ 
times  heavier  than  that  of  hydrogen  ;  and  chlorine  gas  is  i 
35^  times  heavier  than  hydrogen  gas,  so  that  the  coml 
measures  of  these  two  gases,  which  correspond  with  sin^ 
equivalents,  are  necessarily  equal.  The  atom  of  nitrogen,  x 
its  weight  as  a  gas  being  both  14.2  times  greater  than  tiie 
and  weight  of  hydrogen  gas,  their  combining  volumes  must  h 
the  same.  The  atom  of  oxygen  is  eight  times  heavier  than  tint 
of  hydrogen,  but  oxygen  gas  is  sixteen  times  heavier  than  hf 
drogen  gas,  so  that  taken  in  equal  volumes  these  two  gaaei  am 
in  the  proportion  by  weight  of  two  equivalents  of  oxygen  ti 
one  of  hydrogen.  Hence,  in  the  combination  of  single  equ 
valents  of  these  elements  to  form  water,  half  a  volume  or  mei 
sure  of  oxygen  gas  unites  with  a  whole  volume  or  measure  0 
hydrogen  gas.  One  volume  of  nitrogen,  also  unites  with  hal 
a  volume  of  oxygen,  and  with  a  whole  volume  of  the  same  gu 
to  form  respectively  the  protoxide  and  deutoxide  of  nitrogen. 

The  exact  ratio  of  one  to  two  in  which  oxygen  and  hydfogei 


VOLUMES  OF  ATOMS   JN  THE  GASEOUS  STATE.  127 

pes  combine  by  measure,  was  first  observed  liy  Humboldt 
ad  Gay-Lussac  in  1805.  The  subject  was  pursued  by  the  latter 
chemist,  who  established  the  simple  ratios  in  which  gases  gene- 
ally  combine,  and  published  the  laws  observed  liy  him,  or  his 
Tlieory  of  Volumes,  shortly  after  the  announcement  of  the 
Itomic  Theory  by  Dalton.  They  afforded  new  and  indcpen- 
leat  evidence  of  the  combination  of  bodies  in  definite  and  also 
k  multiple  proportions,  equally  conducing  as  the  obser\'ed 
yroportions  by  weight  in  which  bodies  unite.  Qay-Lussac 
bwise  observed  that  the  product  of  the  union  of  two  gases, 
if  itself  a  gas,  sometimes  retains  the  original  volume  of  its 
eonstituents,  no  contraction  or  change  of  volume  resulting  from 
tfadr  combination ;  thus  one  volume  of  nitrogen  and  one  vo- 
bme  of  oxygen  form  two  volumes  of  dcutoxide  of  nitrogen; 
one  volume  of  chlorine  and  one  volume  of  hydrogen  form  two 
rolumes  of  hydrochloric  acid  gas ;  and  that  when  contraction 
UUowB  combination,  which  is  the  must  common  case,  the  vo- 
lume of  the  compound  gas  always  bears  a  simple  ratio  to  the 
niliunes  of  its  elements.  Thus  two  volumes  of  hydrogen  and 
me  of  oxygen  form  two  volumes  of  steam,  one  volume  of  ni- 
i^gen  and  three  of  hydrogen  gas  form  two  volumes  of  amnio- 
ikcid  gaSj  one  volume  of  hydrogen  and  one-sixth  of  a  volume 
f  mlphur-vapour  form  one  volume  of  sulphuretted  hydrogen 
pi.  In  these  and  all  other  statements  resi)ecting  volumes, 
Aegues  compared  are  supposed  to  be  in  the  same  circuni- 
ihimii  as  to  pressure  and  temperature. 

Hie  tuiiformity  of  properties  observed  among  gases  in 
Dompressibility  and  dilatability  by  heat,  has  appeared  to  many 
!liemists  to  indicate  a  similarity  of  constitution,  and  to  favour 
be  idea  that  they  all  contain  the  same  nuni!)er  of  atoms  in 
the  same  volume.  May  not  equal  volumes  of  oxygen  and  hy- 
bogen  gases,  for  instance,  be  represented  by  an  equal  num- 
ber of  atoms  of  oxygen  and  hydrogen  respectively  placed  at 
equal  distances  from  each  other,  and  the  difference  of  sixteen 
to  one  in  the  densities  of  the  two  gases  arise  from  the  atom  of 
oxygen  being  really  sixteen  times  heavier  than  that  of  hydro- 
gen? Elqual  volumes  of  gases  would  then  contain  an  equal 
number  of  atoms,  and  one,  two  or  three  volumes  would  be 
m  equivalent  expression  to  one,  t\i'0  or  three  atomic  propor- 
tions, the  terms  volume  and  atom  becoming  of  the  same  import, 
or  expressing  equal  quantities  of  bodies.     But  such  a  view  is 
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obriously  inapplicuble  to  compound  gasesj  as  their  volume  haa 
B  variable  relation  to  that  of  their  elements ;  and  its  adoption 
would  require  grave  alterations  to  be  made  in  the  atomic 
weights  of  several  of  the  elements  themselves,  to  accommodate 
these  weights  to  the  observed  densities  of  the  bodies  in  the 
gaseous  state.  This  will  be  seen  from  the  following  table,  in 
which  the  volume  or  fractional  part  of  a  volume  placed  agaiiut 
each  element  always  contains  the  same  number  of  its  pres'  ' 
received  atoms,  niese  volumes  are»  therefore,  the  equiv 
volumes  of  the  elements,  and  may  be  viewed  as  representing 
the  bulk  of  their  atoms  in  the  gaseous  state,  the  combining  po- 
bime  of  hydrogm  being  here  taken  as  one, 

ATOMS 


Volume. 

Weight. 

Hydrogen     . 
Nitrogen 

Chlorine 

12.5 
.     177 

.       442.6 

Bromine 

.       978 

Iodine 

.      1580 

Oxygen         ,         » 

Phosphorus           • 
Arsenic 

HX) 
.       392 
.       940 

Sulphur 
Mercury 

2 

.        201 
.     1266 

Of  the  first  five  bodies  enumerated,  equivalent  weights 
cupy  equEd  volumes.  It  was  indeed  the  observation  of 
equality  betAveen  the  atom  and  volume  in  tliese  gases,  that  led 
to  the  supposition  of  that  relation  being  general.  But  the 
^  atoms  of  oxygen,  phospliorus  and  arsenic  occupy  only  half 
a  volume,  and  would  require  to  be  doubled  to  fill  the  gun^ 
volume  as  the  preceding  class.  Tlie  present  atom  of  sul- 
phur affords  only  one-SLXth  of  a  volume  of  vapour,  and  must^ 
therefore,  be  multiplied  by  six  to  afford  a  whole  volume ;  while 
the  atom  of  mercury  supplies  two  volumes  of  vapour,  and 
would,  therefore,  require  to  be  divided  by  two,  or  reduced 
to  one-half  of  its  present  number.  Of  these  changes  the  r^ 
quired  modification  of  the  atoms  of  phosphorus,  arsenic  and 
sulphur  is  incompatible  with  their  chemical  relations  to  other 
bodies  which  are  best  established,  and  is  quite  inadmissibhi. 
The  densities  of  the  vapours  of  these  bodies  must,  thereforOt 
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be  viewed  as  decisive  against  the  equality  of  the  equivalent 
Toiumes  of  the  elementary  gases.  A  volume  of  sulphor  vapour 
be  allowed  to  contain  three  times  as  many  atoms  as  an 
vokime  of  oxygen  gas,  si)£  times  more  than  the  same  vo- 
liiitie  of  hydrogen  gas,  and  twelve  times  more  than  the  same 
mrfmne  of  mercury  vapour,  A  similar  constitution  cannot  be 
wamgaed  to  these  vapours,  imlesa  on  the  assumption  of  Dumas, 
that  chemical  atoms  of  the  same  kind  may  group  together,  and 
tanxM  larger  compound  atoms  or  molecules,  or  di\4de  into 
fmaDer  molecules.  The  molecule  of  hydrogen  in  the  gaseous 
state  being  the  same  as  its  chemical  atom,  each  molecule  of 
ci&ygefi  while  in  the  state  of  gas  would  be  an  aggregate  of  two 
chemica]  atoms,  and  each  of  sulphur  of  six  ;  while  mercury  must 
suffer  molecular  division  in  the  state  of  vapour,  each  of  its 
chemical  atoms  being  parted  into  two,  in  order  that  equal  volumes 
of  tliese  different  gases  and  vapours  should  contain  the  same 
fiumber  of  molecules  or  atoms.  But  such  views  are  entirely 
fperulative. 

In    the  farther  consideration   of  the   proportions  in   which 
gttes  combine  by  measure,  it  wiM  be  found  conducive  to  per- 
ipcuity  to  adopt  the  combining  volume  of  oxygen  as  the  unit 
(patead  of  that  of  hydrogen  as  in   the   last  table),  in   terms   of 
wUcfa  to  express  the  combining  measures  of  other  gases,  both 
Ofle   and   compound.      The  combining  measure   of  oxygen 
heaf  one  volume,  the  combininy  measure  of  hydrogen  and  its 
cbm  will  be  two  volumes  ;  or  the  atom  of  oxygen  gives  one  and 
Cbe  atom  of  hydrogen  two  volumes  of  gas.   Volumes  of  the  gases 
niy  be  represented  by  equal  squares  with  their  relative  weights 
tueribed^  the  numbers  ha\ang  reference  to  the  number  assigned 
Ui  the  oxygen  volume.  If  that  number  be  1 00,  or  the  atomic  weight 
of  oxygen,  as  in  column  1  of  the  table  below,  then  the  number 
to  be  inscribed  in  each  of  the  two  volumes  forming  the  com- 
hnimg   measure  of  hydrogen  wilt  be  6,25  or  half  its  atomic 
■ygiit,    tlie   combining  measure  itself  having  the  full  atomic 
mgfat  of  hydrogen,  namely  12.5  ;  and  so  of  other  gases,  the 
combming  measure  has   the   whole    atomic  weight    which   is 
dirided  atoimg  the  component  volumes.  But  there  is  the  reason 
fcf  pr.  the  number  1 102.6  to  ICK)  for  the  standard  oxygen 

mlam^,  ..«*.  Uic  weiglit  of  a  volume  of  a*>  being  taken  as  1000, 
titti  of  an  equal  volume  of  oxygen  is  1 102.6 1  and  consequently 
Ae  eofrnpocsding  number  for  the   volume  of  hydrogen,  69, 


ISO 
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expresses  the  relation  in  weight  of  that  gas  also  to  air,  and 
do  the  corresponding  numbers  for  all  the  other  gases*  The 
nambers  on  this  scale,  which  express  the  relative  densities  of 
a  volume  of  each  gas,  and  are  inscribed  in  the  squares  of  co- 
lumn n,  are  indeed  the  common  specific  gravities  of  the 
gases. 

1-  II, 


Oiy{:CQ  .    , 
Phosphorus 

Hydrogen 


Chlorine     .    . 


Mercufy 


Afcotnk  weigliC            Combining 

Com  bin  in  jr  tneuure. 

Air    .    . 

1000 

.    ,    .     100     -     .    •    . 

lOO 

.    .    .    ' 

1102.6 

.    .    392          ... 

392 

*    •    ■ 

4327 

.    .     ,     12.5  ,     .    .    . 

6*25 
6.25 

,     .    . 

m 

69    1 

.    .     442  6.     ,     ,     , 

221^ 
2213 

•     •     • 

2470 
2470 

*    .    •   1266    • 

316.25  : 

316.25 

*     "     ' 

6969 
6969 

:    6909 
i    696i 

316.25  : 

316.25 

The  double  squares  which  represent  the  combining  mc 
of  hydrogen  and  chlorine  are  divided  into  volumes  by 
lines,  to  shew  that  the  division  is  imaginary,  the  partitior 
combining  measxire,  like  that  of  an  atom  which  it  reprc 
being  impossible.     The  specific  gravities  of  gases  being  me 
the  relative  weights  of  equal  volumes,  may  be  expressed  by 
numbers  in  the  squares  of  the  first  column  \  and  tlie  sj 
gravity  of  oxygen  being  accordingly   made    100,    the   sj 
gravity  of  any  other  gas  will  either  be  the  same  number 
atomic  weight  or  an  aliquot  part  of  it«     Or  if  the  spedfic  gOK 
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ti'iity  of  oxygen  be  made  1  or  1000,  the  relation  of  densities  to 

bomic  weights  will  still  be  very  obvious. 

Tlie  combining  measures  of  compound  gases,  although  va- 
'  sable,  haTe  still  a  constant  and  a  simple  relation  to  each  other, 

chaaltol,  ltD2,  or2to3;  their  elements  in  comlrining 
Buffering  ^ther  no  condensation  or  a  definite  and  very  simple 
change  of  volume.  Hence  the  density  of  a  compound  gas  may 
often  be  calculated  with  more  precision  from  the  densities  of 
tta  constituents  and  a  knowledge  of  the  change  of  volume,  if 
any,  which  occurred  in  combination,  than  it  can  be  determined 
by  experiment. 

To   deduce  on  this  principle  the  specific  granty  of  steam. 
It    consists  of  single  equivalents  of  oxygen  and  hydrogen,  of 
which  the  combining  measure  of  the  first  is  one,  and  that  of 
the  second  two  volumes.    These  three  volumes,  weigh  1 102.6  + 
69+69=1240.6,  and   they   form   two    volumes   of  steam;    of 
which  one  volume  must,  therefore,  weigh    1240.6  divided   l)y 
two,  or  620.3,  which  is,  consequently,  the  calculated  s]H«cific 
gravity  of  steam,  referred  to  that  of  air  as   HKKK    Tlie  rela- 
tions in  volume  of  the  gases  before  and  after  combination  may 
be  thus  exhibited. 


Combining  meMure,  or 
one  Tolnme  of  oxygen. 


1 102.6 


Combininar  meaiurc,  or 
two  Tolumos  f»f  li>tlrogcn. 

I 
0\i 


<;;» 


Conibininir  mentiirc,  or 
tw(k  voIuiucH  of  iiu*ain. 


620.:i 


620J 


1240.G  124U.6 

It  thus  appears  necessary  to  in8cri))e  620.3  in  e:ich  volume  of 
steam,  to  make  up  1240.6,  the  kno\«^  weight  of  the  two  volunicK. 
In  the  formation  of  the  hydrochloric  arid,  equal  measures  of 
chlorine  and  hydrogen  unite  without  condensation,  so  that  the 
product  possesses  the  united  volumes  of  its  constituent  gases. 

Combining  incaAure 

of  chlorine  or  two 

voliiineH. 


Combining  meaiarc 
•f  hfdrogen  or  two 
rolinnefl. 


Coinhining  nu-.isiirc  of 
hydroclilohc  urid  or  four 
Tuliinios. 


G9 
69 


2170 


2i70 


i2r,9.r»  :  vim.:* 


\2'>\).h  ;  \'n,%:\ 


507M 


:)o;ri 


K    L' 
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The  specific  gravity  or  weight  of  a  single  volume  of  hydr 
cliloric  acid  is,  therefore,  obtained  by  dividing  5078  by  4,  an 
is  lL'69.5. 

Tlie  specific  gravity  of  the  vapour  of  an  elementary  bodj 
which  there  are  no  means  of  ascertaining  experimentally,  maj 
soinetimea  be  calculated  from  the  known  density  of  a  gaseoi 
compound  containing  it.     l^e  density  of  carbon  vapour  ma 
be  thus  deduced  from  tlie  observed  density  of  carbonic  oxidl^ 
gas*     Assuming  that  the  combining  measure  of  carbon  is  <loubl 
that  of  oxygen,  as  is  true  of  hydrogen  and  several  other  el 
mentary  bodies,  then  carbonic  oxide,  which  Hke  water  consiiits" 
of  single  equivalents  of  its  constituents,  will  resemble  steam  in 
its  constitution  also,  and  be  composed  of  one  volume  of  oxygen 
gas   and   two  volumes  of  carbon  vapour  condensed   into 
volumes.      The  weight  of  a  single  volume  of  carbonic  ^> 
being  972.75  two  volumes  (1945*4)  may  be  resolved,  as  shewn 
in  the  diagram  below,  into  one  A^jlume  of  oxygen,  11 02*6^  and 
two  volumes  of  carbon-vapour,  842,G,  {1945.4 — 1102.G=842.Gj 
each  of  which  it  follows  must  weigh  421.3, 


romLining  mcuiure  or 
two  vol  unites  of  carbonic 
oxirle. 


972.7 


Combining  ini^ajuiT  or 
one  voiuuie  oi  oxygen. 


Combining   incnsure 
two  Tolumca  of  cnrboo 
rapowr. 


972.7 


1102.1^ 


+ 


l2Ui 


421^ 


1945.4  \^4bA 

But  the  density  421.3  thus  assigned  to  carbon  vapour 
only  be  true,  if  it  corresponds  vnth  hydrogen  in  its  combi 
measure ;  but  the  combining  measure  of  carbon  vapour  may 
well  be  one-half  tliat  of  hydrogen,  like  that  of  phos- 
phorus, or  one-sixth  Uke  that  of  sulphur,  and  then  the 
density  will  be  double  or  six  times  that  supposed*  The 
important  conclusion,  however,  that  the  density  of  carbon 
vapour  is  either  421.3,  or  some  multiple  or  sub-multiple  of 
that  number  is  quite  certain* 

The  two  following  tables  comprise  nearly  all  the  accurate  in- 
formation which  chemists  at  present  possess  respecting  the 
specific  gravities  of  gaseous  bodies.  The  bodies  placed  in  the 
first  table  are  generally  considered  as  belonging  to  the  inorganic 
and  those  in  the  second,  to  the  organic  department  of  the 
science. 
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^^m                                    TABL 

E   I. 

BKKaiTT. 

4TOM. 

Alr^lOOO. 

VolQioea  iL 

combining          Wdglil. 

U02.6 
4327 
10362 
1      13670 
5334 
6648 

421.5 

2470 
8701 
5393 

620.2 
1527.3 

972.8 
15'i4.l 
2210.6 
2761.9 

117; 

559.5 
1619 

6969 

1039.3 

1269.5 

4385 

2731 
914 
591.5 

2695        , 

6295 
15640 

8204 

9439 

9666 
12362 
15670 

3 

2 

2 

2 

2 

2 

2 

2 

2        , 

2 

2 

2 

2 

2 

2 

100 

1         Ptufspboros ,,.., , 

392.2a 

L            AxSKBSLtC     ..,.,*  4  ^ 

940,08 

^^^»»«Vi«..^!^ 

1      1 240.08 

^^^^Kburet  of  mercury. 

1466.99 
20L17 

12.50 

^^^^^En0gkn 

177.04 

^^^^Mrm   rKr|tntkoliH»U 

76.44 

^m   Inliiie 

442.65 
1579.50 

Bromine  < , 

Water..... , 

978.31 
1 J  2.50 

277.04 

CftdKmic oiide   .••.....•*., 

176.44 

Gvtpoaicacid 

— _  SotpbttrrMiff  si^'id 

276.44 

401.17                      J 

^^K  Siil|ihtiric  acid  (anhydrous)   . . , « 

501.17                      ^ 

^■Solpluirctted  hydrogeQ  . . 

213.67 
10K46 

329-92 

1265.82 

^^^^^Kwiflo  nf  ntfi^^nn 

377.04 

^^^^Kocbloric  acid 

455.15 
1592.00 

^^^^Hbbrofnic  acid 

990.81 
342  42 

214.54 

^^^jAmmmttmlrw^ftiA   UjArn^n 

952.68 

^^^^^Km^fafiAg*'  r\t  ar^t^nkf 

2268.03 

^^^H|^pkliAi*  nrnriukni/- 

5678.58                        < 

^HIHc&laride  of  inerciiry ...    

^ffCUoride  vf  mercury     .  * 

^^Sublmwnide  of  mercury . . 

1       Bromide  of  mercury 

1        Imiiile  of  mercury  (red) 

2974,20 
1708.47 
3509.95 
2244.13 
2845.32 
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Elber ., 

Metbylic  ether 

Sulphate  of  inetbylcne   . . 
Oxalic  ether 

Succinic  ether , 

Oenanthic  ether 

Aikarsine  

Acetic  add    » . . .  * 

Methylene    . .  ^^ . 

OieSant  gas.< 

Gas  from  oil    .... . . 

OJeene  >  - 

Elaeng 

Ceteoe  ...  ^ ....  * « 

Benzin* ^ 

Retmaphtho.  *    

Eetit»yle 

Eetinole 

Naphthaline « * . 

FaraDaphthaUne ........ 

Campheneoroil  of  turpeatine 

Camphor * . 

Menthene  (from  oil  of  oiiiit) 
Concrete  essence  of  nunL 

Wood-8pirJt. ....  * 

Hydrochlorate  of  methylene. 
Hydrofluate  of  methylene  . 
Hydriodate  of  methylene.  . 
Nitrate  of  methylene  . .  *.  ■ 
FormatiJ  of  methylene.  , .  ■ 
Acetate  of  methylene . « . ,  < 

Alcohol    — 

Mercaptaxi .... 

Hydrochloric  ether, ...    .  . 

Hydriodic  ether  ..*..... 

Nitrous  ciber  ........... 

Chlorocmrbonic  eihi!r  ..... 

Acetic  ether    * . . .  - 

Benzoic  ether * , , , 

Py  romucic  ether ,  - 

Chloride  of  aldehydenc  ■ . , 

Oil  of  olcfmnt  ^aa. 

Bromide  of  aide hy dene  . . 
Hydrocarburct  of  bromine 

Chloral. , 

Choloroform    , 

Uretbane 

Oil  of  the  ardent  spirits  from 

potatoes  > . , . 

Aldehyde ........   .....   . 

Acetone ... 

Benzoic  acid 

Eugenic  acid    « .    «  .  .    . ,      . 
Formcthyla] « 


C,H,0 

CjH.O 
QH,0,S03 
C,H^O,CA 

C^H,0,C„Hi,0, 

C,H,0^ 
C,H, 

C,aHi2 


CuHg 


-   'is 


CgnVJu 

CsHA 

C,H,F 

C,H,I 

CsH^NO, 

C,BaO,C.HO^ 

C,HA 

C,H|il 

C,H^U,C.O,Ct 
C,Hp,C,HaOa 

e,B,o,Cj,BA 

C,H,O.C|.HA 

C^HaCl,HCl 

C.H^Br 

C^HaBr.HBr 

CJlCljO, 

C.HCl^ 

C«NH,U, 


Atr-lOOU. 


'^IcuUled  Ob»L'rv^!l 


PoIqirh 
In 


2583 
ISOI 

•taop 

SOSl 
G'iQl 

loirr 

7281 
2778 
490 
931 
1962 
2942 
4130 
7846 
2736 
3226 
4247 
7290 

448S 
S732 
47G3 
5314 
4830 
5450 
1110 
1738 
1169 
4382 
2540 
2083 
2573 
1601 
2158 
2229 
5321 
2606 
3759 
3056 
5240 
4878 
2156 
3407 
3642 
6373 
5060 
4113 
3:40 

3072 
1531 
2i*20 
4250 
5000 
2456 


2586 

1617 
4565 
5087 
6220 
10508 
7184 
2770 

9S5 
1692 
2S75 
4071 
SOO7 
2770 
3330 
4242 
7110 
4528 
5741 
4763 
5458 
4940 
5520 
J  120 
1731 
1165 
43S3 
2553 
20B4 
2563 
1513 
2326 
221J) 
5475 
2526 
3829 
3067 
5409 
4359 

3443 

3591 
6485 
5130 

4199 
3095 

3147 
1532 

■2019 
427(* 
5400 


% 
2 
2 
2 
2 
2 
2 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 


Gay-Lafl4 

Dumas  ac 

Idem, 

Dumas  as 

Felix  d*Ai 

Liebig  am 

Bnnsen. 

DamaB. 

Damns  ar 

M.de  San 

Faraday. 

Fremy* 

Idem. 

Dumas  ar 

Mitscberl 

Pelleticr  fl 

Idem. 

idem, 

Dumasp 

Dumas  ax 

Dumas, 

Idem. 

Walter. 

Idem. 

Dnnias  an 

Idem. 

Idem. 

Idem, 

Idem. 

Idem. 

Idem, 

Gay-Luas 

BunsoQ. 

Th^nard, 

Gay-Lusi 

Dumaa  a£ 

Dumas, 

Idem. 

Idem. 

Malagnti. 

Liehig  am 

Gay-lAisft 

Regnanlt. 

Idem. 

Dumas. 

Idem. 

Idem. 

Idem, 
Liebig. 
Dumas. 
Dumas  Ac] 
Uumat. 
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From  these  tables,  it  appears  that  a  simple  relation  always 
Mbflists  betwetiti  the  combining  measures  uf  different  bodies  in 
tlie  gaseous  state : 

Tluit  the  eombining  measure  of  a  few  bodies  is  the  same  as 
that  of  oxygen,  or  one  volume  ;  of  a  large  number,  double  that 
of  oxygen,  or  two  volumes ;  and  of  a  still  larger  number,  four 
limes  that  of  oxygen^  or  four  volumes;  while  combining  mea- 
sures of  other  numbers  of  volumes,  such  as  three  and  sir,  or 
of  fractional  portions  of  one  Tolume,  such  as  otie-ihird^  are 
cornparatirely  fare ; 

That  the  specific  gravity  of  a  gas  may  be  calculated  from  its 
atomic  weight,  or  the  atomic  weight  from  the  specific  gra- 
vis, as  they  are  necessarily  related  t*i  each  other,  Tlmsj  to 
fisid  die  specific  gravity  of  a  ^^pour  like  that  of  phosphorus, 
of  which  tiie  combining  measure  is  one  volume,  or  the  same 
as  that  of  oxygen.  The  specific  gra\Hties  of  two  bodies,  of  which 
llic  volwmes  of  the  atoms  are  the  same,  must  obviously  be  as 
the  weif/hts  of  these  atoms.  Hence-,  100  and  392.2H  being 
the  atomic  weights  of  oxygen  and  phosphorus,  and  1  I02.(j, 
Iht  known  specific  gravity  of  oxygen,  the  specific  gravity  of 
pboqihanas  va|K)ur  is  obtained  by  the  follounng  proj>ortion — 

100  :  392.28  :  :  no2.(i  :  4323  J 
«=tp.  gr.  of  phosphorus  vapour- 
Secondly,  to  find  the  specific  gravity  of  a  vapour  like  that 
iflnorine,  of  which  Uie  combining  measure  may  l>e  presumed 
to  he  two,   or  double  that  of  oxygen.     The   atomic  weight   of 
loorine  being  253.8, 

100  :  233.8  t  :  1  lOS.fi  :  2584  ^ 
twice  the  specific  gravity  of  fluorine,  being  the  weight  of  two 
VMlrifiiem,  and  the  specific  gravity  required  is  1292. 

I'hcjte  cases  are  examples  of  a  general  rule,  that  the  specific 
.T.ivity  of  a  lx)dy  in  the  state  of  vapour  is  obtained  by  multi- 
\i'.yu'y  the  atomic  weight  of  the  body  by  1102.6,  the  specific 
^vity  of  oxygen,  and  dividing  by  IW.  The  number  thus 
found  must  then  be  divided  by  the  number  of  volumes  which 
ife  known  to  compose  tlie  combining  measure  of  the  vapour. 

The  specific  gravities  thus  calculated  are  generally  more 
aecurate  tlian  tliose  obtained  by  direct  experiment,  from  the 
cireaiiisteiice  that  the  operation  of  taking  the  specific  gravity 
of  a  gas  IS  gejicrally  lesn  susiceptible  of  precision,  than  the 
ciiciitieal  analyses  cm  which   tlie  aU>mic  weights  arc  founded* 
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The  densities  of  vapuurs,  taken  a  few  degrees  above  their  oou 
densing  points,  are  generally  a  little  greater  than  the  trut 
o%>Hng  to  a  peculiarity  in  tlieir  physical  constitution  which  wb» 
formerly  explained  (p^e  68).     Of  such  bodies,  therefore,  the 
theoretical  is  a  necessary  check  upon  the  experimental  density. 

^.Indeed,  the  calculated  should  in  all  cases  be  considerad  and 

[used  as  the  true  density. 


RELATION  BETWEEN  THE  CRYSTALLINE  FORM  AND  ATOMIC^ 
CONSTITUTION  OF   BODIES— DOCTRINE  OP  ISOMORPHISM. 

Bodies  on  passing  from  the  gaseous  or  Uquid  to  the  solid  at 
generally  present   themselves  in    crystals^    or  regular  geoo 
trical  figures,  which  are  the  larger  and  more  distinct,  the  mc 
slowly  and  gradually  they  are  produced.     Their  formation 
readily  obsen^ed  in  the  spontaneous  evaporation  of  a  solatia 
of  sea-salt,  or  iu  the  slow  cooling  of  a  hot  and  saturated  sc 
tion  of  alum,  which    aalts  assume  the  forms  of  the  cul>e 
regular   octohedron.     The   crystalline  form  of  a  body  is 
stant^   or  subject  only  to    certain    geometrical   modific^tic 
which  can  be  calculated,  and  is  most  serviceable  as  a  physic 
character   for    distinguishing    salts    and    minerals.       Betwe 
bodies  of  similar  atomic  constitution,  a  relation  in  form 
been  observed   of  great    interest    and    beautj^     which    nc 
forms  a   fundamental   doctrine   of  physical  science,    like    the 
subjects  of  atomic  weights  and  volumes  just  considered. 

Gay-Lussac  first  made  the  remark  tliat  a  crystal  of  potash- 
alum  transferred  to  a  solution  of  ammonia-alum,  continued  la 
increase  without  its  form  being  modified,  and  might  thus  h& 
covered  with  alternate  layers  of  the  two  alums,  jireserving  its 
regularity  and  proper  crystalline  figure.  M.  Beudant  after* 
wards  observed  tliat  other  bodies,  such  as  the  sulphates  of 
iron  and  copper,,  might  present  themselves  in  crystals  of  the 
same  form  and  angles,  although  the  form  was  not  a  simple 
one  like  that  of  sdum.  But  M-  MitscherUch  first  recogniaed 
this  corresjxjndence  in  a  sufficient  number  of  cases,  to  prove 
that  it  was  a  general  consequence  of  similarity  of  eompositioti 
in  ditferent  bodies*  To  the  relation  in  form,  he  applied  the 
term  htamarphhm  (from  lao^^  equal,  and  ^>op^i),  shape),  and 
distinguished  bodies  which  assume  the  same  figure  as  itomot^ 
phoug^  or  (in  the  same  sense)  as  simitt/mm  bodies*    The  hw 
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at  which  he  arrived  is  as  follows : — ^The  same  number  of  atoms 
eomlnned  in  the  same  way  produce  the  same  crystalline  form ; 
aad  crystalline  form  is  independent  of  the  chemical  nature  of 
die  atoms,  and  determined  only  by  their  number  and  rcLitivc 
pontion. 

TUs  law  has  not  been  established  in  all  its  generality,  but 
pohaps  no  fact  is  certainly  known  which  is  inconsistent  with 
ity  while  an  indisposition  which  certain  classes  of  elements 
bave  to  form  compounds  at  all  similar  in  composition  to  tliosc 
famed  by  other  classes,  limits  the  cases  for  comparison,  and 
makes  it  impossible  to  trace  the  law,  throughout  the  whole 
imgeofthe  elements,  in  the  present  state  of  our  knowledge 
npecting  them* 

The  relation  of  isomorphism  is  most  frequently  observed 
ktveen  salts,  from  their  superior  aptitude  to  form  good 
aiyrtals.  Thus  the  arseniate  and  phosphate  of  soda  are  ol>- 
tdned  in  the  same  form,  and  are  exactly  alike  in  composition, 
SMh  salt  containing  one  proportion  of  arid,  two  of  soda  and 
fine  of  water  as  bases,  together  \»ith  twenty-four  atoms  of 
Wer  of  crystallization.  With  a  different  proportion  of  water 
^crystallization,  namely,  with  fourteen  atoms,  and  the  other 
flODstitoents  unchanged,  the  crystalline  form  is  totally  different, 
Vit  is  again  the  same  in  both  salts.  For  every  arseniate,  there 
iiil^osphate  corresponding  in  composition  and  identical  in 
ftm;  the  isomorphism  of  these  two  classes  of  salts,  is  indeed 
fBftct.  The  arsenic  and  phosphoric  acids,  contain  each  five 
froportions  of  oxygen  to  one  of  arsenic  and  phosphorus  res- 
pectively, and  are  supposed  to  be  themselves  isomorphous, 
althoagh  the  fact  cannot  be  demonstrated,  as  the  acids  do  not 
crystallize.  The  elements,  phosphorus  and  arsenic,  are  also 
jvesumed  to  be  isomorphous;  and  the  isomorphism  of  their 
adds  and  salts  is  referred  to  the  isomorphism  of  the  elements 
themselves ;  isomorphous  compounds  in  general  appearing  to 
arise  from  isomorphous  elements  uniting  in  the  same  manner 
lith  the  same  substance.  The  isomorphism  of  the  sulphate, 
aeleniate,  chromate  and  manganate  of  the  same  base  is  like- 
wise always  clear  and  easily  observed ;  each  of  the  acids  in 
these  cases  containing  three  proportions  of  oxygen  to  one  of 
selenium,  sulphur,  chromium  and  manganese,  themselves  pre- 
anined  to  be  isomorphous.  Of  bases,  the  isomorphism  of  the 
dass  consisting  of  magnesia,  oxide  of  zinc,  oxide  of  cadmium 
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and  the  protoxides  of  nickel,  iron  and  cobalt,  is  well  markff 
in  the  salts  which  they  form  with  a  common  acid,  and  is  j>af« 
ticularly  obser\%able  in  the  double  salts  of  tliese  oxides,  such 
as  the  sulpliate  of  magnesia  and  potash^  sulphate  of  zinc  and 
potash,  sulphate  of  copper  and  potash,  which  have  all  siic 
atoms  of  water  and  a  common  form.  The  sulphates  themselves 
of  these  bases  differ,  most  of  them  affecting  seven  atoms  of 
I  water  of  crystallization,  while  the  sulphate  of  copper  affects 
five ;  but  those  with  the  seven  may  likewise  be  crystallized  in 
favourable  circumstances  with  five  atoms  of  water,  and  then 
all  assume  the  form  of  the  copper  salt,  thus  exliibiting  a  second 
isomorphism  like  the  arseniate  and  phosphate  of  soda. 

The  peroxides  of  the  same  class  of  metals  with  alumina  and 
the  oxide  of  chromium,  which  consist  of  two  atoms  of  metal 
and  three  of  oxy^^en,  also  afford  an  instructive  example  of  iso- 
morphism,   particularly  in  their  double   salts*      The   sulphaUi 
of  the  peroxide  of  iron  with  sulphate  of  potash  and  twenty- 
four  atoms  of  water,  forms  a  double  salt  having  the  octohednJ 
form  of  sulphate  of  alumina  and  potash  or  common  alum,    Ui€ 
aame  astringent  taste,  with  other  physical  and  chemical  pro- 
Lperties    so  sintilar,    that   the  two   salts  can  wth   difficult^ 
r distinguished  from  each  other.     The  salt  is  called  iron- i 
and   there  are  corresponding  manganese  and   chrome    alumjt, 
neither  of  which  contains  alumina,  but  the  deutoxide  of  • 
ganese  and  oxide  of  chromium  in  its  place,  witli  the  pir^ 
tions  of  acid  and  water,  which  exist  in  common  alum.     In  all 
L  these   salts    another  substitution   may  occur    without    cli 
r  of  form;  namely  that  of  soda  or  oxide  of  ammonium  fur 
potash  in  the  sulphate  of  potash,  giving  rise  to  the  formation 
of  what  are  called  soda-alum  and  ammonia  alum. 

Certain    facts    have   been  supposed    to    militate  agmnst  thfti 
principles  of  isomorphism,  which  require  consideration. 

VK  It  appears  that  the  corresponding  angles  of  crystals 
puted  isomorphous  are  not  always  exactly  equal,  but  are  somi 
times  found  to  differ  one  or  two  degrees,  although  the  ei 
of  observation  in  good  crystals  rarely  exceed   10'  or  20^ 
degree.     But  it  has  been   shown  by  Mitseherlich  that  a 
rence  may  exist  between  the  inclinations  of  two  series  of  atmiiar 
i&ces  in  different  specimens  of  the  same  salt,  of  59* ;  whik  ^ 
^so  known  that  the  angles  of  a  crystal  alter  sensibly  in   i 
relative  dimensions  vnth  a   change  of  temperature  (pB^  4J. 
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n>e  angles  of  crystab  are,  therefure^  affected  in  their  values 
mtbin  small  limits  by  causes  of  an  accidental  character^  and 
absoiate  identity  in  crystalline  form  may  require  the  cuncur- 
mmct  of  circumstances  which  are  not  found  together  in  the 
ardniarT  modes  of  producing  many  crystals,  which  are  still 
tr  lorphous. 

ippears  that  the  same  body  may  assume  in  different 

drcumstances,  two  forms  which  are  totally  dissimilar  and  have 

ao  rdation  to  each  other.     Thus  sulphur  on  crystalliaing  from 

nkitioii   in  the  bisulphuret  of  carbon  or  in  oil  of  turpentine, 

m  temperature  under  IQQPy  forms  octohedrons  with  rhombic 

but     when     melted     by    itself    and   allowed     to    cool 

skMriy,   it   assumes  the  form   of    an    oblique  rhombic    prism 

oi  solidtf^nng  at    2S'J^,      These  are    incompatible   crystalline 

iagm^    as  Uiey  cannot  be  derived   from    one   common   form, 

CvlMin  occurs  in  the  diamond  in  re^lar  octohedrons,  and  in 

pmphite  or  plumbago  in  six-sided  plates,  forms  which  are  like- 

aw  inoumpatible.     Sulphur  and  charcoal  have  each,  therefore, 

twa  crystalline  forms,    and  are  said    to  be  dimorphous^  (from 

Ik,  twice,  and  f^opfr),  shape).     Carbonate  of  lime  is  another 

fcaffiar  instance  of  dimorphism,  forming  two  mineral  species, 

ole^apar    and    arragonit^,     which  are    identical  in    composi- 

taa»    but  differ  entirely  in  crystalline  form*       G.   Rose  has 

!•%  ibewn  tliat  the  first  or  second    of   these    forms   may 

Wpven   to  the  ^s^ranular  carbonate  of  lime  formed  artificially, 

as  it  is  precipitated  at  the  temperature  of  the  air, 

tlie  boiling  pomt  of  water.     Of  its  two  forms,  carbonate 

^Sam  most  frequently  affects  that  of  calc-spar;  but  carbonate 

of  lad  wbich  assumes  the  same  two  forms,    and  is  therefore 

doably  ifiomorphous  with  carbonate  of  lime,  chiefly  affects  that 

tf  amgunite,  and  is  very  rarely  found  in  the  other  form,     Hfid 

carboiiates,  therefore,  been  each  known  only  in  its  com- 

fcinn,  their  isomorphism  w^ould  not  have  been  suspected, 

I  trnportant  observation,  as  the  want  of  isomorphism  between 

certain  other  bodies  may  be  caused  by  their  being  really  dimor- 

flioas,  aklkough  llie  two  forms  have  not  yet  been  perceived. 

Umtb  ia  no  physical  impossibility  in  a  body's  assuming  three 

JiftiLitt  forms,  or  being  /ri-morphcus  as  well  as  dimorphous, 

Wt  no  cmt  of  tximorphisra  has  been  hitlierto  observed. 

3p.  The  observation  of  the  Lsomorphism  of  bodies  is  of  the 
grentant  Tabie  aa  an  tndicatiun  that  they  possess  a  similar  eon* 
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stitutioii^  and  contain  a  like  number  of  atoms  of  their  coil 
tuents.     But  it  must  be  admitted  that  the  most  perfect  i 
cidence  in  form,   or    true   isomorphism   is   likewise   obs 
between  certain  bodies  which  are  quite  different  iii  composi^ 
Thus  bisulphate  of  potash  is  dimorphous,  and  crystallizes  ir 
of  the  two  forms  of  sulphur  (Mitscherlich).  Nitrate  of  potasll 
common   nitre  has   the  form   of  arragonite,    and  occurs 
there  is  reason  to  believe,  in  microscopic  crystals  in  the 
of  caic-spar.    Nitrate  of  soda^  again,  has  the  form  of  calo-s 
Hypermanganate  of  barytes  and  the  anhydrous  sulphate  ofi 
hkewise  cr)'stallize  in  one  form.     Between  the  first  pair, 
phor  and  bisulphate  of  potash,  the  absence  of  all  anaJc 
composition    is     sufficiently    ob\^ous,    notwithstanding 
isomorphism*     Between   nitrate   of  potash   and    carbon 
lime,  and   between  hypermanganate  of  barytea  and    su 
of  soda^  there  is  no  similarity  of  composition,  on  tlie  ordid 
view  which  is  taken  of  the  constitution  of  these  salts^  but  1 
of  these  pairs  have  been  assimilated,  in  speculative  vie 
their  constitution  proposed  by  Mn  Jolmston*  in  regard  taj 
first  pair,  and  by  Dr.  Clarkt  in  regard  to  the  second, 
merit  consideration,  although  the  hypotheses  cannot  poa 
be   both  correct,  as  they   are  based  upon  incompatible 
Besides  these  examples  of  identity  of  crystalline  form  witi 
any  well  established  relation  in  composition,  many  others 
be  quoted,  if  occurrence  in  tlie  simple  forms  of  the  cube  ij 
regular  octohedron  should  be  allowed  to  constitute  isomorpb 
For  example :  carbon,  sea-salt,  arsenious  acid  and   alu 
occur  in   octohedrons,    although  they  are  no  way  relat 
composition.     But   these  simple  forms  are  so  common, 
they  can  be  held  as  affording  no  proof  of  isomori>hism, 
in  cases  where  it  is  to  be  expected  from  admitted  sic 
of  composition,  as  between  the   ditfcrent  alums,    or  be 
chrome  iron  and  octohedral  iron  ore. 

But  notwithstanding  the  occurrence  of  such  apparcntlyl 
tuitous  coincidences  in  form,  isomorphism  must  still  be 
sidered   as   the   surest  criterion   of  similaiity   of  composidoi^ 
which   we  possess.     Truly  isoniorphous  bodies  generally 
respond  in  a  variety  of  other  properties  besides  external 
Arsenic   and   phosphorus  resemble  each  otiicr  remji 


*  PklloaopliicAl  Magiuifli%  third  scries,  voL  12^  [iftgc  ISO. 
t  Records  of  Gcnenil  Sci«aci*i  vol  Ir,  (uige  ih» 
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odour,  although  the  one  is  a  metal  and  the  other  a  non-metallic 
bcidy,  while  the  corresponding  arseniates  and  |)hosphates  agree 
in  taste,  in  solubility,  in  the  degree  of  force  with  which  they 
feCain  water  of  crystalKzation,  and  in  various  other  properties. 
Tbc  aeleniate  and  sulphate  of  soda,  which  are  isomorphous, 
are  both  efflorescent  salts,  and  correspond  in  solubility,  even 
ID  fiir  as  to  agree  in  an  unwonted  deviation  from  the  usually 
obaerved  increasing  rate  of  solubility  at  high  temperatures, 
both  salts  being  more  soluble  in  water  at  100^  than  at  2\2^, 
III  fiurt,  isomoqihism  appears  to  be  always  accompanied  by 
wtmj  common  properties,  and  to  be  the  feature  which  indicates 
the  closest  relationship  between  bodies. 

It  will  afterwards  appear  that  the  more  nearly  bodies  agree 
m  cotnpoatitioij,  they  are  the  more  likely  to  act  as  solvents  of 
mdi  other,  or  to  be  miscible  in  the  liquid  form.  An  attraction 
fisr  each  other  of  the  same  character  is  probably  the  cause  of 
the  easy  blending  together  of  the  particles  of  isomori>hous 
ho^es^  and  of  the  difficulty  of  separating  them  after  they  are 
«ao&  dissolved  in  a  common  menstruum  ;  such  isomorphous 
9ltM  as  the  hypermanganate  and  hyperchlorate  of  potash,  may, 
iaiWtdi  crystallize  apart  from  the  same  solution,  owing  to  a 
Ponderable  difference  of  solubility ;  and  potash -alum  may  be 
pon&edy  in  a  great  measure,  by  crystallization,  from  iron-alum, 
is  more  soluble  and  remains  in  the  mother-liquor ;  but 
isomorphous  salts,  such  as  the  sulphates  of  iron  and 
when  once  dissolved  together,  do  not  crystallize  apart, 
l*f  compose  homogeneous  crystals,  which  are  mixtures  of  the 
t»o  salU  in  indefinite  proportions.  This  intermixture  of 
imnorphous  compounds  is  of  frequent  occurrence  in  minerals, 
nd  w^i  quite  inexplicable  and  appeared  to  militate  against  the 
of  combination  in  definite  proportions,  till  the  power 
inmofphoas  bodies  to  replace  each  other  in  compounds  was 
s  a  law  of  nature.     Thus  in  garnet,  which  is  a  sili* 

me  of  alumina  and  hme  (Al  Al  Si^-hS  Ca  Si^)  the  alumina  is 
itod  often  wholly  or  in  part  replaced  by  an  equivalent  quan- 
fcy  of  peroxide  of  iron  ;  while  the  lime  at  the  same  time  may 
W  exchanged  for  protoxide  of  iron  or  for  magnesia,  without 
^  pfoper  crystalline  character  of  the  mineral  being  destroyed. 
The  extent  to  which  the  isomorphous  relations  of  bodies 
lunboen  traced,  will  appear  on  reviewing  the  groups  or  na- 
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tural  femilies  in  which  the  elements  may  be  arranged,  iNJj 
observing  the  links  by  which  the  different  groups  themaehl 
are  connected;  these  classes  not  being  abruptly  sepanldl 
but  shading  into  each  other  in  their  characters,  like  the  datf^ 
created  by  the  naturalist  for  the  objects  of  the  oiganic  woiliL  ^ 

CLASSIFICATION  OF  ELEMENTS. 

The  First  class  comprises  four  elementary  bodies : 
sulphur,  selenium,  tellurium.    The  three  last  of  these  den 
exhibit  the  closest  parallelism  in  their  own  properties,  in  i 
range  of  their  affinities  for  other  bodies,  and  in  the  pr 
of  their  analogous  compounds.     They  all  form  gases  with 
atom  of  hydrogen,   and  powerful  acids  with  three  atomi 
oxygen,  of  which  the  salts,  the  sulphates,  seleniates  and 
lurates  are  isomorphous;  and  the  same  relation  undoul 
holds  in  all  the  corresponding  compounds  of  these  eleo 

Oxygen  has  not  yet  been  connected  with  this  group 
certain  isomorphism  of  any  of  its  compounds,  but  a  dose  ( 
respondence  between  it  and  sulphur  appears,  in  thdr 
pounds  with  one  class  of  metals  being  alkaline  bases  of  i 
properties,  forming  the  two  great  classes  of  oxygen  and  t 
bases,  such  as  oxide  of  potassium  and  sulphuret  of  pot 
and  in  their  compounds  with  another  class  of  elements 
similar  acids,  giving  rise  to  the  great  classes  of  oxygen 
sulphur  acids,  such  as  arsenious  and  sulfarsenious  acids, 
farther  agree  in  the  analogy  of  their  compounds  with  h} 
particularly  of  peroxide  of  hydrogen  and  persulphuiet 
hydrogen,  both  of  which  bleach  and  are  remarkable  for  their  id 
stabihty;  and  in  the  analogy  of  alcohol  and  mercaptan,  wtMl 
last  may  be  considered  as  an  alcohol  with  its  oxygen  replaced  If 
sulphur.  This  class  is  connected  with  the  next  by  manganMI 
of  which  manganic  acid  is  isomorphous  with  sulphuric  afl^ 
and  consequently  manganese  with  sulplmr. 

Second  Class. — ^This  class  comprises  magnesium,  caldmii 
manganese,  iron,  cobalt,  nickel,  zinc,  cadmium,  copper,  hydro 
gen,  bismuth,  chromium,  aluminum,  glucinum,  vanadium^  <ir 
conimn,  yttrium,  thorinum.  The  protoxides  of  this  class,  in- 
eluding  water,  form  analogous  salts  with  acids.  A  hydnftec 
add,  such  as  crystallized  oxalic  add  or  the  oxalate  of  wmter 
corresponding  with  the  oxalate  of  magnesia ;  hydrated  sulpha 
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ncadd  (HO,  SOg-f-HO)  with  the  sulphate  of  magnesia  (MgO, 
SOj  +  HO).  The  isomorphism  of  the  salts  of  magnesia^  zinc, 
Ctdcuium  and  the  protoxides  of  manganese,  iron,  nickel  and 
eobalt  is  perfect*  But  water  has  not  been  shewn  to  be  iso- 
morphoiLs  with  these  oxides,  although  it  greatly  resembles 
oxide  of  copper  in  its  chemical  relations*  Lime  is  not  so  closely 
idftted  as  the  other  protoxides  of  this  group,  being  allied  to  the 
follo\i*ing  class*  But  its  carbonate,  both  anhydrous  and  hy- 
drmted,  its  nitrate  and  the  chloride  of  calcium  assimilate  with 
^^tbe  corresponding  compounds  of  the  group ;  while  to  its  sul* 
^Hdtate  or  gypsum,  CaO,  SO3  +  2HO,  one  parallel  and  isomor- 
^^boos  compound,  at  least,  can  be  adduced,  a  sidphate  of 
iroD,  FcO,  S03-f-2HO  (Mitscherlich),  which  is  also  sparingly 
ioluble  in  water  like  gypsum* 

Bismuth  is  placed   in  this  class  from  its   nitrate   and  sub- 
iiitiate,  which  are  strictly  analogous  in  composition  to  the  ni- 
tntc  and  sub-nitrate  of  copper,  hut  their  isomorphism  has  not 
been  observed.     The  salt^  of  the  oxide  of  chromium,  of  alumina 
tod  glucina  are  isomorphous  with  those  of  peroxide   of  iron 
[Tfj  O3),  with  which  these  oxides  correspond ;  and  the  salts 
of  memganic  and  chromic  acids  are    isomorphous,    and  agree 
with  the  sulphates.    The  vanadiates  are  belie%^ed  to  be  isoraor- 
ikmis  with  the  chromates.     Zirconium  is  placed  in  this  class, 
Icause  its  fluoride  is  isomorphous  with  that  of  aluminum  and  j 
tit  of  iron,  and  its  oxide  appears  to  have  the  same  convStitu-i 
te  as  alumina ;  and  yttrium  and  thorium  solely  because  theirl 
obdes,    supposed   to   be   protoxides,    are   classed   among   tliel 
Cttths*  I 

Third  Class. — Barium,  strontium,  lead,     Tlie  salts  of  theirl 
proiaxides^  bar)tes,   strontian  and    oxide  of  lead    are    strictly^ 
Mcnorphous,  and  one  of  tliem,  at  least,  oxide  of  lead  is  di- 
■lorphous,  and  assumes  the  form  of  lime,  and  tlie  preceding 
in  the  mineral  plumbocalcite  (Johnston).     But  certain  car- 
of  the  second  class  are  dimorphous,    and  enter  into  the 
nt  class,  as  the  carbonate  of  lime  in   arragonite,  carbonate 
ID  in  junckerite,  and  carbonate  of  magnesia  procured  by 
porating  its  solution  in  carbonic  acid  water  to  dryness  by 
water-bath  (G.  Rose),  which  have  all  the  common  form  of 
ifiate  of  strontian.      Indeed  these  two  classes    are  very 
y  related. 
Tho  Fotirth  class  consists  of  potassium,  ammonium,  sodium. 
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silver.    The  tenn  ammonium  is  applied  to  a  hypothetic 
pound  of  one  atom  of  nitrogen  and  four  of  hydrogen  (XI 
which    isj    therefore,    certainly   not  an  elementary  body, 
probably  not  even  a  metal,  but  which  is  conveniently  ass 
lated  in  name  to  potassium,  as  these  two  bodies  occupy  j 
same  place   in    the  two  great  classes  of  potash   and  amiud 
salts,  between  which  there  is  the  mostcomplete  isomorphism- 1 
tassium  and  ammonium  themselves  are,  therefore,  isomorphfl 
The  sulphates  of  soda  and  silver  are  sioiihform,  and  hence 
tlie  metals  sodium  and  silver ;  but  their  isomorphism  with  \ 
preceding  pair  is  not  so  clearly  established.     Soda  replaces  ] 
tash  in  soda-alum,  but  the  form  of  the  crystal  is  the  con 
regular  octohedrun ;  nitrate  of  potash  has  also  been  obs 
in  microscopic  crystals  having  the  arragonitic  form  of  nltrafe 
soda,*  which  is  better  endencc  of  isomorphism,  altliough 
beyond  cavil   as  the  crystals  were  not  measured-    There  < 
also  grounds  for  believing  that  potash  replaces  soda  in  eq^ 
lent  quantities  in  the  mineral  chabasie,  without  change  of  fd 
The  probable  conclusion  is  that  potash  and  soda  are  taon 
phous,  but  that  this  relation  is  concealed  by  dimorphism^ 
cept  iti  a  verj^  few  of  their  salts. 

This    class  is    connected    in   an  interesting  way    with 
the  other  classes  through  the  second.     The  subsulphurell 
copper  an<l  the  sulphuret  of  silver  appear  to  be  isomorphc 
although  two  atoms  of  copper  are  combined  in  the  one 
phuret  and  one  atom  of  silver  in  the  other,  with  one  atoc 
sulphur;  their  formulfie  being — 

Cua  S  and  Ag  S. 
Are  then  ttro  atoms  of  copper  isomorphous  with   mie  atoml 
silver?     In  the  present  state  of  our  knowledge  of  isomorphid 
it  will  be  wise  to  admit  that  they  are. 

The  fourtli  class  will  thus  stand  apart  from  the  second  wl 
is  i^presenled  by  copper,  and  also  from  the  other  classes 
nected  with  the  second,  in  so  far  as  one  atom  of  the  prei 
class  is   equivalent  to  two  atoms  of  the  other  classes  in 
production  of  the  same  crystalline  form.     This  discrepancy 
be  at  once  removed  by  halving  the  atomic  weight  of  mi^ 
and  thus  making  both  sulphurets  to  contain  two  atomss  of 

*  FrunkcnHeim  to  Po^gcodorfTt  Annaim^  vol  40,  page  4i7.     Set  a1»a  ft  | 
bf  Professor  Jolm&ton   on  the  received  eqaiYaleati  of  poUsb,  soda  *iiil  ii]f«r;| 
Phtt.  Ma^,  third  i«riei,  vol.  12»  p,  324. 
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H^llBl-of  sulphur  (Johnston  ubi  supra).  But  the  diriHton 
Vlhe  i5quivalcnt»  of  sodium,  potassium  and  ammonium  which 
Muld  foUow  that  of  silver,  and  the  consideration  of  potash 
Pid  soda  as  suboxides  are  most  violent  assumptions,  und  not 
to  be  lightlf  entertained. 

It  huA  been  inferred  that  lirae  with  an  atom  of  water  is  pro- 
hiUf  tJi4itnorphous  i;^nth  potash  and  soda,  because  CaO-(-HO 
tppcam  to  replace  KO  or  NaO  in  mesotype,  chaba^iie  and 
'*»^-*r  minerals  of  the  zeolite  family. 

-  !li  Class* — Chlorine^  iodine,  bromine,  fluorine.  These 
•bur  elements  form  a  well  defined  natural  family.  The  three 
^*^*  arc  i«omory)hous  throughout  their  whole  combhiations, 
len  with  iodides,  chlorates  with  iodates,  hyperchlorates 
viib  hypcriodates,  &c, ;  and  such  fluorides  also  as  can  be 
^•"^'^^red  with  cldorides  appear  to  aflect  the  !8ame  forms.  It 
rifctje*!  with  the  second  class  through  hyperchloric  acid ; 
tii6  hyi>erchlonitcs  being  strictly  isom*»rphous  with  the  hypcr- 
•^''"THfialcs,     But  the  formulae  of  these  two  acids  are — 

CI  O7  and  Mn^  O., 
mm  atom  of  chlorine  replacing  two  atoms  of  manganese.     Or, 
liiii  dass  has  the  same  isoraorphous  relation   as  the  preceding 
cfasi  to  the  others.     And  such  I  shall  assume  to  be  its  true  re- 
kirjii,  altiiough  halving  the  atomic  weight  of  chlorine,  which 
^lold  give  two  atoms  of  chlorine  to  hyperchloric  acid,  is  not 
niiprobabie  a  supposition  as  dividing  that  of  sodium  ;  still  it 
•odd  lead  to  the  strange  conclusion  that  chlorine  enters  into 
III  other    compounds,    as  well   as   into    h^^ermanganic   acid, 
dviTs   in   the  proportion  of  two  atoms;   for  that  element  is 
■ever  known  to  combine  in  a  less  proportion  than  is  expressed 
fcf  rta  presently  received  equivalent*     It  appears  that  a  salt  has 
bieii  cmsually  observed  to  occur  in  tlie  preparation  of  hypcr- 
amganate  of  potash  having  exactly  the  figure  of  chlorate  po- 
^Mirii,    mid    containing  a  corresponding  acid  of  manganese   in 
^Bteeh  two   of  metal  stil!  rcjiresciit  one    of  cldorinc  as  in   hy- 
permangaiiic  acid** 

Srv**  ^  s.  —  Nilrcmpu,  phospfiorus,  arsenic,  antimony; 
abn  <  y  iig  a  well  marked  natural  group,  of  which  nitrogen 
md  ttnttmony  are  the  two  extremes,  and  of  which  the  analogous 

•   UtU^9  ImlrmlticUuii  to  lli«  Fir^t  Eleiuents  nT  ChcmiMry,  Uy   RichArdson, 
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compounds  exhibit  isomorphism.  These  four  elements  all  form 
gaseous  compounds  with  three  atoms  of  hydrogen,  namely 
ammonia,  phosphuretted,  arsenuretted  and  antimonuretted 
hydrogen.  The  hydriodates  of  ammonia  and  of  phosphuretted 
hydrogen  are  also  isomorphous  ;  so  are  arsenious  add  and  the 
oxide  of  antimony,  both  of  which  contain  three  atoms  of  oxygea 
to  one  of  metal.  Arsenious  acid  also  is  capable  of  replacioK 
oxide  of  antimony  hi  tartrate  of  antimony  and  potash  or  tartar. 
emetic,  without  change  of  form,  and  arsenic  often  substitata^ 
antimony  in  its  native  sulphuret.  The  nitrous  acid  (NO|). 
which  corresponds  with  arsenious  acid  and  oxide  of  antunony^i 
likewise  acts  occasionally  as  a  base,  as  in  the  crystalline  oobh 
pound  with  sulphuric  acid  of  the  leaden  chambers  used  in  thfl^ 
manufacture  of  the  latter  acid.  The  complete  isomorphism  ^ 
the  arseniates  and  phosphates  has  already  been  noticed.  Bi 
phosphoric  acid  forms  two  other  classes  of  salts,  the  pyropi 
phates  and  metaphosphates,  to  which  arsenic  acid  sup] 
no  parallels.  At  present  this  class  of  elements  can  be 
nected  by  means  of  an  isomorphous  link  with  no  other, 
approaches  most  nearly  to  the  fifth  class,  nitrogen  and  chloimil 
both  forming  a  powerful  acid  with  five  proportions  of  o: 
nitric  acid  and  chloric  acid ;  but  of  the  many  nitrates  and  chl 
rates  which  can  be  compared,  no  two  have  proved  isomorphi 
Nor  do  the  metaphosphates  appear  at  all  like  the  ni 
although  their  formulie  correspond. 

Seventh  class. — ^Tin,  titanium.  Connected  by  the  isoi 
phism  of  titanic  acid  and  peroxide  of  tin  (Ti  Oj  and  Sn  OJ< 
Titanium  is  connected  in  a  curious  manner  with  iron  and  tba 
second  class.  Titanic  acid  occurs  in  ilmenite  and  other  ¥^, 
rieties  of  titanic  iron,  in  combination  with  protoxide  of  ixm^^ 
and  in  the  crystalline  form  of  the  peroxide  of  Uiat  metal; 
namely,  that  of  specular  iron,  and  also  of  corundum  (alumina). 
Hence, 

Fcj  O3,  or  (Fe  +  Fe)-|-  O3,  and 

Fe  O-f  Ti  O2,  or  (Fe-|-Ti)-|-03 
are  isomorphous.  Now  it  is  to  be  remarked  that  peroxide  of 
iron  and  titaniate  of  iron,  although  they  agree  in  the  number 
of  their  elements,  each  containing  three  of  oxygen  and  two  of 
metal,  are  yet  not  certainly  analogous  in  proximate  composi- 
tion. If  an  acid  of  iron,  consisting,  like  titanic  acid,  of  one 
of  metal  and  two  of  oxygen  were  known,  which  mii»ht  be  called 
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then  specular  iron  would  be  a  ferrate  of  the  prot- 
oxide of  iron,  as  the  other  is  a  titaniate  of  the  same  base,  and 
'*        *     -iiirphism  would  be  intelligible,  arjd  present  nothing 
But  if  ferric  acid  does  not  exists  and  it  has  hitherto 
eluded  rrscfirch,  then  the  isomorphism  of  the  bodies  in  quea- 
tioii  seems  to  imply  that  this  relation  does  not  require  simila- 
ritr  nf  constitution,    but  merely    equality   in    the    number  of 
contained  in  the  bodies  which  exhibit  it. 
r.i;^kth  Class. — Silver  and  gold.     From  their  isomorpliism  in 
»V^  metadlic  state.    Gold  will  thus  be  connected,  through  silver, 
odium  and  the  fourth  class. 
*^mth  Claas. — Platinum,  palladium,  iridium,  osmium.    From 
lie  bomorphism  of  their  double  chlorides-     The  bichloride  of 
in  wiffa  chloride  of  potassium  crystallises  in  regidar  octohe- 
like  the  double  bichloride  of  platinum  and  i>otassium, 
other  double  chlorides  of  tl)is  group ;  which  although  not 
ikne  j^uffirient  to  establish  an  isomorphous  relation  between 
dot  class  and  the  seventh,   yet  favours  tlie  notion  of  its  exis- 
tece  {Dr.  Clark.) 

Tenth  class. — ^Tungsten  and  molybdenum.  From  the  isomor- 
^m  of  the  tungstates  and  molybdates,  the  salts  of  tungstic 
nd  molyhdic  acids,  W  O3  and  Mo  O3.  Mr.  Johnston  has 
ribified  that  the  chromate  of  lead  is  dimorphous,  and  corres- 
fttdi  in  the  least  usual  of  its  forms  with  the  molybdate  of  lead* 
thi  establishes  a  relation  between  molybdic^  chromic,  sulphuric 
litf  other  analogous  acids.* 

Brventli   Cla^s. — Carbon^  boron,   silicon.      These  elements 
ifT  placed  together  from  a  general  resemblance  which   they 
ahiUt  without  any  precise  relation.     They  are  not  kjiown  to 
ktioiiicirphoas  among  themselves,  or  with  any  other  element. 
Hev  are  non-metallic,  and  form  weak  acids  with  oxygen, — the 
ortiDisic,  consisting  of  two  of  oxygen  and  one  of  carbon,  and 
Ifct  bonuric   and    silicic  acids,  which  are  generally  viewed  as 
ompoaed  %>f  tliree  of  oxygen  to  one  of  boron  and  silicon.     Si- 
licic acid   may,    perhaps,    replace  alumina  in   some   minerals, 
bat  this  is  uncertain. 
Of  Uic  elements  which   have  not  been  classed,  no  isomor* 
■Bdqs  ^  are  known.     They  are  mercury,  which  in  some 

Vrt  iJc. _.  [inMH'Ttifjs  Is   uiialogous  to   silver,  and  in  others 

t  riiiJ.  Ma^.  tUird  s«rrie»,  voL  12,  p.  387. 
L  2 
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to  copper,    cerium,   columbium,   lithium,    rhodium  and  iir»* 
nium. 

According  to  the  original  law  of  Mitscherlich,  that  isomop- 
phism  depends  upon  equality  in  the  number  of  atoms^  and 
similarity  in  their  arrangement,  without  reference  to  their  nar 
ture,  the  elements  themselves  should  all  be  isomorphous.  Moife 
of  the  metals  crystallize  in  the  simple  forms  of  the  cube  or 
regular  octohedron,  which  are  not  sufficient  to  establish  tfak 
relation.  But  the  isomorphism  of  a  large  proportion,  if  nol^ 
the  whole,  of  the  elements  may  be  inferred  from  the 
phism  of  their  analogous  compounds.  Thus  from  the 
just  adduced,  it  appears  that  the  members  of  the  foUi 
large  class  of  elements  are  linked  together  from  the 
phism  of  one  or  more  of  their  compounds.  This  large 
may  be  subdivided  into  smaller  classes,  between  the  memi 
of  which,  isomorphism  is  of  more  frequent  occurrence, 
which  are  then  to  be  viewed  as  isomorphous  groups. 

ISOMORPHOUS  ELEMENTS. 

1.  Sulphur  3.  Barium 

Selenium  Strontium 

Tellurium  Lead 


2.  Magnesium 
Calcium 
Manganese 
Iron 
Cobalt 
Nickel 
Zinc 

Cadmium 
Copper 
Chromium 
Aluminum 
Glucinum 
Vanadium 
Zirconium 


4.  Tin 
Titanium 


5.  Tungsten 
Molybdenum. 


With  two  atonm  of  the  preceding 
elements. 

6.  Sodium 
Silver 
Gold 

Potassium 
Ammonium 


7.  Chlorine 
Iodine 
Bromine 
Fluorine 

The  only  known  group  of  isomorphous  elements  which  cannot 
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he  connected  in  a  probable  manner  with  the  above  large  class, 
is  that  of 

Nitrogen  Arsenic 

Phosphorus  Antimrmy 

Tlic  tendency  of  discovery  is  to  bring  all  the  elements  into  one 
diss,  either  as  isomorphous  atom  to  atom,  or  with  the  rela- 
tioa  to  the  others  which  chlorine  and  sodium  exhibit. 

But  must  not  isomorphism  be  implicitly  relied  upon  in  esti- 
flMting  atomic  weights,  and  the  alterations  which  it  suggests  be 
adopted  without  hesitation   in    every    case?     Chemists   have 
ahrays  been  most  anxious  to  possess  a  simple  physical  charac- 
kr  by  which  atoms  might  be  recognised  ;  and  equality  of  vo- 
kme  in  the  gaseous  state,  equality  of  specific  heat,  and  simi- 
krity  in  crystalline  form  have  all  in  their  turn    been  upheld 
as  affording  a  certain  criterion.     The  indications  of  isomor- 
phism certainly  accord  much  better  than  those  of  the  other  two 
criteria  with   views    of   the   constitution    of   bodies  derived 
bom  considerations  purely  chemical,  and  are  indeed  invaluable 
IB  establishing  analogy  of  composition  in  a  class  of  bodies,  by 
aapplying  a  precise  character  wliich  can  be  expressed  in  num- 
boB,   instead  of  that    general    and    ill-defined    resemblance 
between  allied  bodies,  which  chemists  perceived  by  an  acquired 
tut  rather  than  by  any  rule,  and  which  was  heretofore  their 
odf  guide  in  classification.     Admittini;  that  isomoq)hism  is  a 
ootiin  proof  of  similarity  of  atomic  constitution  within  a  class 
of  dements  and  their  compounds,    it   may  still   l>e   doubted 
wiiether  the  relation  of  the  atom  to  crj^stalline  form  is  the  same 
without  modification  throughout  the  whole  series  of  the  elements, 
or  whether  all  atoms  agree  exactly  in  tliis  or  any  other  pliysi- 
cal  character. 

Crystalline  form  and  tlic  isomorphous  relation  may  prove 
not  to  be  a  reflection  of  atomic  constitution,  or  inmiediatcly 
and  necessarily  connected  with  it,  but  to  arise  from  sonic  se- 
condary property  of  i>odies,  such  as  their  relation  to  heat ;  in 
which  a  simple  atom  may  occasionally  resemble  a  compound 
body,  as  we  find  suli)hur  isomorphous  in  one  of  its  forms, 
mth  bisulphate  of  potash.  While  we  find  another  simple  atom, 
potassium,  isomorphous  through  a  long  series  of  eoni pounds 
with  the  group  of  five  atoms  wliich  constitute  uiumonium.  The 
occurrence  of  dimorphism  also  both  in  simple  and  eompound 
bo^s  gives   to  crystalline  form  a  secondary  character. 
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Is  it  probable  that  sulphur  and  carbonate  of  lime  could  ht 
made  to  appear  in  sets  of  crystals  which  are  wholly  unlik^v 
merely  by  a  slight  change  of  temperature,  if  form  were  IIm 
consequence  of  an  invariable  atomic  constitution  ?  CryatalUne 
form  then  may  possibly  depend  upon  some  at  present  unkuowa 
property  of  bodies,  which  may  have  a  frequent  and  genertl|  ^ 
but  certainly  not  an  invariable  relation  to  their  atomic 
stitution.    There  may  be  nothing  truly  inconsistent  iinth  tibMr\ 
principles  of  isomorphism  in  one  atom  of  a  certain  class  r'tf 
elements  having  the  same  crystallographic  value  as  two 
of  another  class,  the  relation  which  has  been  assumed  to 
between  the  sodium  and  chlorine  classes  and  the  others,  psitii^ 
cularly  when  the  classes  stand  apart,  and  differ  in  their  pss^ 
perties  from  all  the  others,  as  those  of  sodium  and  chlorine  dii< 

The  atomic  weight  of  hydrogen  ought  not  to  be  divided 
reduced  from  12.5  to  6.25,  for  that  element  certainly  beLoDgli 
to  the  natural  fisimily  of  magnesium  or  the  second  class,  if^ 
which  the  equivalents  must  remain  fixed,  as  they  are  pmA 
cally  the  standards  of  comparison  for  all  others.  If  Iiyi 
be  divided,  so  must  magnesium,  calcium,  manganese  and 
whole  class.  But  it  has  at  last  been  admitted  that  hy( 
never  combines  in  a  less  proportion  than  12.5,  and  the  indi^ 
sibility  of  its  equivalent  therefore  conceded  ;*  although  it 
proposed  to  make  a  distinction  between  the  values  of  the 
valent  and  of  the  atom  of  a  body  which  is  altogether  uncallfldi 
for. 

DIMORPHISM. 

Many  solid  bodies  admit  of  a  variation  of  properties  wUIe 
in  that  state  of  which  gases  and  liquids  are  not  susceptible. 
The  assumption  of  two  incompatible  crystalline  forms  by  the 
same  body,  in  different  circumstances,  has  already  been 
noticed  as  occimring  with  sulphur,  carbon,  carbonates  of  lime 
and  lead,  bisulphate  of  potash  and  chromate  of  lead.  It  is  also 
observed,  in  the  biphosphate  of  soda,  and  in  a  considerable 
number  of  minerals.  The  dimorphous  crystals  may  differ  in 
density,  the  densities  of  calc-spar  and  arragonite,  the  forms  of 
carbonate  of  lime,  being  2.71^  &nd  2.949,  and  indeed  all  resem- 
blance in  properties  between  the  crystals  may  be  lost,  as  in 

*  By  Berzfliu».     L*lDStitut»  Miiy  1838,  page  160. 


and  gniphite,  the  two  fanns  of  carnon.  The  particular 
farm  assmned  by  sulphur  and  carbonate  of  liniej  wluch  may  be 
iBide  to  rrystallize  iti  either  of  their  forms  at  will,  is  found  to 
deptxid  upon  the  degree  of  temperature  at  which  the  solid  is 
pmdcieed;  carbonat^^  of  lime  being  precipitated,  on  adding 
diloride  of  calcium  to  carbonate  of  ammonia,  in  a  powder,  of 
vbich  the  grains  have  the  form  of  calc-spar  or  of  arragonit-e, 
arcordins:  as  the  temperature  of  the  solution  is  50»  or  150".* 
A  Imrge  crystal  of  arragonite  when  heated  by  a  spirit-lamp, 
dccrepilales  and  falls  into  a  powder  composed  of  grains  of 
ctk*-spar.  TTie  cry  stab  of  sulphur  produced  at  the  higher  of 
two  temperatures,  become  opaque  when  kept  for  some  days  in 
the  air,  and  pass  spontaneously  into  the  other  form  ;  while  the 
wrjstals  produced  at  the  lower  temperature  are  disintegrated, 
and  di&riged  into  the  other  form  by  a  moderate  heat.  These 
dwerrations  are  important  as  estabbsliing  a  relation  between 
dimorphism  and  solidification  at  different  temperatures* 

A  considerable  variation  of  properties  is  likewise  often 
^hxirable  in  a  solid,  which  is  not  crystalline,  or  of  which  the 
(ffiftsilline  form  is  indeterminate.  Thus  sulphuret  of  mercury 
ubiauicMl  by  precipitating  corrosive  sublimate  by  sulphureted 
MltKreii,    is   black;  but  the  same  body  when   sublimed  by 

Kr  produced  by  agitating  mercury    in  a   solution  of  tlie 
buret  ofpot-iissmra,  forms  cinnabar,  of  which  the  powder 
tttte  red  pigment  verraillion ;  while  vermillion  itself,  if  heated 
iisttlphur  begins  to  sublime  from  it,  and  then  suddenly  tlirown 
M»  cold  w^ater,    becomes  black ;    although  if  allowed  t<j  cool 
lioirly  it  remains  red.     Yet  it  is  of  the  same  composition  ex- 
iclljr  iti  the  black  and  red  states.     ITie  iodide  of  niercury  newly 
libEfiicd  is  of  a  lively  yellow  colour,   and  may  remain  so  fur  a 
kog  liine,  but  it  generally  begins  to  pass  into  a  fine  scarlet  on 
ODolmg,  and  may   be  made   to   undergo   this  change  of  colour, 
an   iostant^  by  strongly  pressing  it.     Tiie  precipitated  sul- 
utret  of  antimony  may  be  deprived  of  the  water  it  contains, 
ini  ■  'iiit  of  tin,  without  losing  its  peculiar  orange 

ti   heated   a  little  above   that   temperature,  it 
d  assumes  the  black  colour  and  metallic  lustre  ot  the 
iret^   without  any  loss  of  weight.     Again   the  black 
11  n   hciited  strongly  and  thrown  into  water,   loses 
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its  metallic  lustre^  and  acquires  a  good  deal  of  the  appearanoe  t  \ 
of  the  precipitated  sulphuret.    The  nitrites  are  sometimes  whita.^ 
and  sometimes  yellow  ;  and  crystals  of  sulphate  of  manganese 
are  often  deposited  from  the  same  solution,  some  of  which  aie  h 
pink    and   others   colourless,    although  identical   in  oompoai- 
tion. 

Such  differences  of  colour  are  permanent,  and  not  to  be  con- 
founded with  changes  which  are  peculiar  to   certain  tempeniif. 
tures :  thus   oxide  of  zinc  is  of  a  lemon  yellow  colour,  whea.' 
strongly  heated,   but  milk-white  at  a  low  temperature;  thi,' 
oxide  of  mercury  is  much  redder,  at  a  high  than  at  a  low  teoH 
perature,  and  bichromate  of  potash,    which   is   naturally  m^* 
becomes  almost  black  when  fused  by  heat.     Even  bodies  in  tbt^ 
gaseous  state  are  liable  to   transient  changes  of  this  kind^    thft  ^ 
brown  nitrous  fumes  being  nearly  colourless  below  zeiio^ 
on  the  other  hand  deepening  greatly  in  colour  at  a  high 
rature.  •}!>' 

The  condition  of  glass  is  a  remarkable  modification  of 
solid  form  assumed  by  many  bodies.    Matter  in  Una  stale 
not  crystallized,  and  on  breaking  presents  curved  and  not 
surfaces,  or  its  fracture  in  mineralogical  language  is  d 
and  not  sparry.    The  indisposition  to  crystallize,  which 
solidification  in  the  form  of  glass,   is  more  remarkable  in  soi 
bodies,   such  as  phosphoric  and  boracic  acids,  and  their 
pounds,  than  in  others.     The  biphosphate  and  binarseniate  of 
soda  have  tlie  closest  resemblance  in  properties,  yet  when  boA 
are  fused  by  a  lamp,  the  first  solidifies  on  cooling  into  a  trans* 
parent  colourless  glass,  and   the  second  into  a  white  opaque 
mass  composed  of  interlaced  crystalline  fibres.     The  phosphate 
at  the  same  time  discharges  sensibly  less  heat,   than  the  arse* 
niate  in  solidifying,  retaining  probably  a  portion  of  its  heat  of 
fluidity  or  latent  heat  in  a  state  of  combination,  while  a  glass. 
None  of  the  compounds  of  silicic  acid  and  a  single  base,  or 
simple  silicates,   becomes  a  glass  on  cooling  from  a  state  of 
fusion,  Mith  the  exception  of  the  silicate  of  lead   containing  a 
great  excess  of  oxide  :  they  all  crystallize.     But  a  mixture  of 
the  same  silicates  when  fused,  exhibits  a  peculiar  \nscosity  or 
tenacity,  appears  to  have  lost  the  faculty  of  crystallizing,  and 
constantly  forms  a  glass,    llie  varieties  of  glass  in  common  use 
arc  all  such  mixtures  of  siUcatcs.    Glass  is  sometimes  devitrified 
when  kept  soft  by  heat  for  a  long  time,  o\«ing  to  the  separation 
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oTUie  ftUicatea  from  each  other  and  their  crptallizatioTi  $  and 
Aii  lens  mixed  glasses  are  known  to  be  tnost  liable  to  this 
cfcuige.  It  h  probable  that  all  bodies  differ  wiien  in  the 
filiviiits  and  in  the  crystaUine  forms  in  the  proportion  of  com- 
Uaed  h^it  which  they  possess,  as  has  been  observed  of  melted 
mgKt  (page  43)  in  these  two  conditions. 

Afseniotia  acid  when  fused  or  newly  sublimed  appears  as  a 
liBfispLreot  glass  of  a  light  yellow  tint.  But  left  to  itself,  it 
domij  becomes  opaque  and  milk  white ;  the  change  commencing 
It  ihe  surface  and  advancing  to  the  centre,  and  often  requiring 
|Cm  to  complete  it  in  a  coTisiderable  mass.  The  arsenious  £icid 
it  no  longer  vitreous,  being  changed  into  a  multitude  of  httle 
cryiUds,  whence  results  its  opacity  ;  and  it  has  altered  slightly 
fit  the  SBmc  time  in  density  and  in  solubility.  But  the  passage 
kom  the  vitreous  to  the  crystalline  state  may  take  place  in- 
ikBtinecKisly,  and  give  rise  to  an  interesting  phenomenon  lately 
obsenr^d  by  H-  Rose.  The  vitreous  arsenious  acid  seems  to 
dbwiire  in  dilute  and  boiling  hydrochloric  acid  without  change, 
Ist  ihe  solution  on  cooling  deposits  crystals  which  are  of  the 
opqoe  acid,  and  a  flash  of  light,  which  may  be  perceived  in  the 
lkll^  is  emitted  in  the  formation  of  each  crystal.  This  pheno- 
■aion  depends  upon  and  indicates  the  transition,  for  it  does 
sot  occur  when  arsenious  acid  already  opaque  is  substituted  for 
iiBfmum  acid,  and  dissolved  and  allowed  to  crystallize  in  the 
iMr  manner. 

An*  L!;e  than  those  described,    is  induced  upon 

nriiu.  :.-i.,-^->  i^,  u  ,^jajiure  to  a  high  temperature,  without  any 
correspooding  change  in  their  composition.  Several  metallic 
pertuddeii*  such  as  alumina,  oxide  of  chromium  and  peroxide  of 
till  eoiSis  Ici  be  soluble  in  acids  after  being  heated  to  redness. 
TTic  same  is  true  of  a  variety  of  salts,  such  as  many  phos- 
jlatfs,  untimoniates  and  silicates.  All  these  bodies  contain 
VBlcr  in  combinatioii,  when  most  readily  dissolved  by  acids, 
vhkli  eonstituent  is  dissipated  at  a  high  temperature,  but  in 
liefure  the  loss  of  solubility  occurs,  so  that  the  con- 
waler  alone  is  not  the  cause  of  the  solubility.  Berzelius 
miBrked  an  appearance  often  observable  when  such  bodies  are 
ce  of  heat,  and  in  the  act  of  passing  from  the 
J  soluble  state.  They  suddenly  glow  or  become 
laniincniSj  nstng  in  temperature  above  the  containing  vessel, 
dom  a  diidiarge  of  heat,    ll^e  rare  mineral  gadolinite  affords  a 
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beautiful  example  of  this  change.  When  heated  it  appears  to 
burn,  emits  light,  and  becomes  yellow,  but  undergoes  no 
change  in  weight.  Many  bodies  exhibit  a  feeble  phosphopcs- 
cence  when  heated,  which  has  no  relation  to  this  change  and 
is  to  be  distinguished  from  it. 

The  circumstance  most  certain  respecting  this  change 
bodies,  which  affects  so  deeply  their  chemical  properties, 
that  the  bodies  do  nut  contain  a  quantity  of  heat,  after  the 
change,  which  they  must  have  possessed  before  its  occurrence 
in  a  combined  or  latent  form.  No  ponderable  constituent  is 
lost,  but  there  is  this  loss  of  heat.  A  change  of  arrangement 
of  the  particles,  it  is  true,  might  occur  at  the  same  time  in  si 
of  these  bodies,  such  as  is  observed  when  sulphite  of 
converted  by  heat  into  a  mixture  of  sulphate  of  soda  and 
phuret  of  sodium,  without  change  of  weight ;  but  it  wouM 
difficult  to  apply  an  explanation  of  this  nature  to  oxides, 
as  alumina  and  peroxide  of  tin,  which  contain  only  two  ocm* 
stituents.  Tlie  loss  of  heat  observed  will  afford  all  the  es» 
planation  necessary  if  heat  be  admitted  as  a  constituent  of 
bodies  equally  essential  as  their  ponderable  elements*  A*  thf 
oxide  of  chromium  possesses  more  combined  heat  when  in  ikt 
soluble  than  in  the  insoluble  state,  the  first  may  justly  be  vieiiii 
as  the  higher  caloruret,  and  the  body  in  question  '    rt 

different  proportions  of  this  as  well  as  of  any  other  e<  kt. 

But  it  is  to  be  regretted  that  our  knowledge  respecting  heat  m- 
a  constituent  of  bodies  is  extremely  limited  ;  the  definite  pro- 
portion in  which  it  enters  into  ice  and  other  solids  in  metuitg, 
and  into  steam  and  vapours  has  been  studied,  and  also  the  pre* 
portion  emitted  during  tlie  combustion  of  many  bodies,  whieK 
has  likewise  proved  to  be  definite.  But  the  intiaencc  whidi  iU 
addition  or  subtraction  may  have  on  the  chemical  properties  tff 
a  body  is  at  present  entirely  matter  of  conjecture.  The  ]' 
niena  under  consideration  seem  to  require  the  admissitm 
as  a  true  constituent  which  can  modify  the  properties  of 
very  considerably,  otherwise  a  great  physical  law  most 
abandoned,  namely,  that  "  no  change  of  properties  can 
without  a  change  of  composition/^  But  if  heat  be  onea 
mitted  as  a  chemical  constituent  of  bodies,  then  a  soli 
of  the  present  difficulties  may  be  looked  for,  for  nothing  is 
oert^n  than  that  **  a  change  in  composition  will  account  for  any 
change  in  properties."     Heat  thus  combined   in  definite  pn>- 
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rith  bodies  and  nevred  as  a  constituent,  must  not  Ije 
ided  witli  the  specific  heat   of  the  same  hodies  or  their 
rity  Tor  sensible  heat,  which  may  have  n(»  relation  to  their 
abmed  heat* 
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In  sudi  changes  of  properties  the  individuality  of  the  body  is 
rltjst.  But  numerous  instances  have  presented  themselves 
flwo  or  more  bodies  possessijig  the  same  composition,  which 
ire  unquestionably  different  substances  and  not  mutually  con- 
fOtil^  into  each  otlien  Different  bodies  thus  agreeing  in 
Mnpositiott  but  differing  in  properties  are  said  to  be  uomerkj 
ifrom  ttr&^,  equal,  and  fitpoc,  part),  and  their  relation  is 
Imned  isomerism.  The  discovery  of  such  bodies  excited  much 
■lereiit  and  they  have  received  of  late  years  a  considerable 
ibire  of  the  attention  of  chemists.  But  the  result  of  a  careful 
Slady  of  the  bodies  associated  by  similarity  uf  furra^  though 
iiSerin^  in  properties,  has  been  upon  the  whole  unfavourable 
tatbe  doctrine  of  isomerism.  Isomeric  bodies  Iiave  in  general 
been  found  to  agree  in  the  relative  proportion  of  their  consti- 
iMrts  only,  and  to  differ  either  in  the  aggregate  number  of 
ikalofus  composing  them,  or  in  the  mode  of  arrangement  of 
fbeir  atoms  ;  and  very  few  cases  of  isomerism  now  remain  which 
lisci  udmit  of  explanation.  Tliis  is  what  was  to  be  expected, 
irii.  in  the  abstract  is  improliable,   a  difference  in  pro* 

fthic^  .,^1  en  bodies,  without  a  difference  in  their  composi- 
iian,  appearing  to  be  an  effect  without  a  sufficient  cause.  Hence, 
Ike  term  isomerism  is  now  generally  employed  in  a  limited 
eense^  to  indicate  simply  the  identity  in  composition  of  two  or 
mom  hodies  as  expressed  in  the  proportion  of  their  constituents 
ift  1(M>  parts.     Several  classes  of  such  isomeric  bodies  may  be 

TTic  members  of  the  most  numerousclassof  isomericbodies  differ 
in  atamie  weight.  Tims  we  know  at  present  three  gases,  three  or 
loyrliquids,  and  as  many  solids  which  all  consist  exactly  of  carbon 
aid  hydrogen  *m  the  proportion  of  one  atom  to  one  atom,  or  in 
of  86  parts  of  carbon  and  14  of  hydrngen  ver}"  nearly. 
bodiea  agree  in  ultimate  composition,  but  differ  com- 
pletidjf  in  cresy  other  respect.  But  a  representation  of  their 
ooostitution  explains  at  once  the  cause  of  the  diffe- 
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rences  they  present,  as  is  obvious  in  the  following  formute  of^ 
four  of  the  best  characterized  members  of  this  isomeric' 
group : 

EquivAlenU  aod  combining  meMonb 

Methylene.  .  .  .  Cj    Hg  or  4  volumes. 

Olefiant  gas.  .  .  .  C4    H4  or  4  volumes. 

Gas  from  oil.  .  .  .  Cg    Hg  or  4  volumes. 

Cetene.  .  .  .  C32  H32  or  4  volumes. 

It  thus  appears  that  the  atom  of  cetene  contains  four  times  i 
many  atoms  of  carbon  and  hydrogen  as  the  atom  of  the 
from  oil,  eight  times  as  many  as  the  atom  of  olefiant  gas, 
sixteen  times  as  many  as  the  atom  of  methylene ;  while  as 
atom  of  all  these  bodies  affords  the  same  measure  of  vapour  < 
four  volumes,  they  must  differ  as  much  in  density  as  they  dii 
in  the  number  of  their  constituent  atoms.     It  is  not  sur 
therefore,  that  they  all  possess  different  and  peculiar  prop 
Several  groups  of  bodies  might  be  selected  from  Table  II, 
page  1 34,  which  have  a  similar  relation  to  each  other,  the  nv 
ber  of  their  atoms  being  different,  although  their  relative  ] 
portion  is  the  same,  such  as : 


and. 


Oil  of  lemons.      .         .         .        Cjq  Hq 

16 


Oil  of  turpentine.  .         .         Cjo  H 


Naphthaline.       .  .         .         Cjo  Hg 

Paranaphthaline.  .         .         C^  Hj^ 

A  still  more  remarkable  case  is  presented  to  us  in  alcoho|;1 
and  the  ether  from  wood-spirit,  in  which  there  is  identity  a( 
condensation  as  well  as  of  composition,  with  different  equiw* 
lents.  Their  vapours  have  in  fact  the  same  specific  gravit}^ 
and  contain  under  equal  volumes,  equal  quantities  of  carbon^ 
hydrogen  and  oxygen.  But  we  know  that  each  of  these  bodiOB 
is  composed  of  two  others,  alcohol  of  one  atom  of  olefiant  ga% 
and  two  atoms  of  water ;  and  the  ether  of  wood-spirit,  of  ons 
atom  of  methylene,  and  one  of  water,  so  that  their  constitution 
and  rational  formulae  are  quite  different : 

Alcohol.         .         .         .         C4  H4  +  2HO 
Ether  of  wood  spirit.       .         Cj  Hj  +  HO 
In  another  class  of  isomeric  1)odies,  the  atomic  weight  mvf 
be  equal,   as  well  as   the  elementary  composition.     A  pair  be* 
longing  to  this  class  are  known,  which  coincide  besides  in  the 
specific  gravity  of  their  vapours.    The  composition  and 
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U  both  formic  ether  and  the  acetate  of  methylene  may  be  re- 
tte^l  by  Cg  H,  O^,  the  density  of  both  their  vapours  is 
,_;  i  ;  and  what  is  very  remarkable,  these  bodies  in  tlieir  ordi- 
nanr  liquid  state  almost  coincide  in  properties^  the  dciisity  of 
farnuc  ether  being  0.916^  and  that  of  the  acetate  of  methylene 
•.919,  (density  of  water  being  1000),  while  the  first  boils  at 
1330,  and  the  last  at  136.4^  But  when  acted  on  by  alkalies, 
tlieir  products  are  entirely  different,  the  one  affording  formic 
idd  and  alcohol,  and  the  other  acetic  acid  and  wood-spirit* 
Each  of  the  isomeric  bodies  in  question  containsj  indeed,  two 
lifierent  binary  compounds,  and  tlieir  constitution  is  truly  repre- 
KBledby  different  fonnulae : 

Formic  ether.       .        .         .         C^  Hg  O+C^  H  O,, 


Acetate  of  methylene. 


C,H,0- 


C,H3  03 


til  which   the  same  atoms   are  seen  to   be   very  differently  ar- 
ai^ed. 

The  last  class  of  isomeric  bodies  are  of  tlie  same  atomic 
mghts,  but  tlieir  constitution  or  molecular  arrangement 
hm^  unknown,  their  isomerism,  cannot  at  present  be  ex- 
It  can  scarcely  be  doubted,  however,  that  their  mole- 
arrangement  is  really  different.  Cyanic  and  fulminic 
idds  are  in  this  predicaments  their  common  formula  being 
H  Cj  O.  Malic  and  citric  acids  were  also  believed  to  present  a 
inilar  relation,  but  recent  discoveries  respecting  the  constitu- 
te of  their  salts  have  separated  these  and  several  other  acids 
loitofore  Tiewed  as  isomeric* 

One  pair,  however,  of  isomeric  bodies  remains  which  have 
dfllc&led  ever)'  attempt  at  explanation,  the  racemic  and  tartaric 
Mada,  which  exhibit  a  similarity  of  properties,  and  a  paratle- 
in  their  chemical  characters  that  are  truly  astonishing* 
acids  are  found  together  in  the  grape  of  the  upper  Rhine, 
niey  differ  cmisiderably  in  solubility,  the  racemic  being  the 
Irait  aoluble,  so  that  they  may  be  separated  from  each  other  by 
cryitalligation  ;  and  the  racemic  acid  contains  an  atom  of  water 
of  crjatallixation,  which  is  not  found  in  the  crystals  of  tartaric 
acid*  They  form  salts  which  correspond  very  closely  in  their 
lolubility  and  other  properties.  The  bitartrate  and  biracemate 
ofpotaah  are  botli  sparingly  soluble  salts;  the  tartrates  and 
laoeauites  of  hme,  lead  and  bar)'tes  are  all  alike  insoluble.  Both 
aeida  form  a  double  salt  with  soda  and  ammonia,  which  is  an 
kitid  o(  combmation      But  what  is  most  surprizing, 
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crystals  of  these  double  salts,  not  only  coincide  in  the  ] 
tion  of  their  water  and  other  constituents  and  in  the 
tion  of  their  acids  but  also  in  external  form,  having  been  i 
served  by  Mitseherlich  to  be  isomorphous.    A  nearer  ap 
to  identity  could  scarcely  be  conceived  than  is  exhibited^ 
these  bodies,  which  are,  indeed,  the  same  both  in  form 
composition.    The  crystallized  acids  are  both  modifwd  in' 
unusual  manner  by  heat,    and  form  three  classes  of  aalfei^l 
phosphoric  acid  does.    The  formula  of  both  acids  in  Him' 
nary  class  of  salts  is  Cg  H4  Oj^+two  atoms  of  base 
But  by  no  treatment  can  the  one  acid  be  transmuted  intcr^ 
other.     Lastly,  every  organic  acid  produces  a  new  acid  by  1 
tructive  distillation,  which  is  peculiar  to  it  and  is  termed  1 
pyr-acid.    Now  raccmic  and  tartaric  acid,  when  destroyed 
heat,  agree  in  giving  birth  to  one  and  the  same  pyr-acid. 

ARRANGEMENT  OF  THE  ELEMENTS  IN  COMPOUNDS. 

The  names  of  some  compounds  imply  that  they 
other  compounds,  and  indicate  a  certain  atomic  constit 
while  the  names  of  other  compounds  express  no  particulari 
rangement  of  their  constituent  atoms,  but  leave  it  to  be  : 
that  the  atoms  are  all  directly  combined  together.  Thus  1 
phate  of  soda  implies  the  continued  existence  of  sulphuric  1 
and  soda  in  the  salt,  while  nitric  acid  or  peroxide  of  hj 
supposes  no  partition  of  the  compound  to  which  it  is  apf 
But  it  is  to  be  remembered  that  the  original  framers  of  the  1 
menclature  were  guided  more  by  facilities  of  an  etymologic^ 
nature  in  constructing  such  terms,  than  by  views  of  the  consli* 
tution  of  compounds. 

Of  a  binary  compound  containing  single  atoms  of  its  con- 
stituents, there  cannot  be  two  modes  of  representing  the  con- 
stitution, but  where  one  of  the  constituents  is  present  in  the 
proportion  of  two  or  more  atoms,  several  hypotheses  can  alwaft- 
be  formed  of  tlieir  mode  of  aggregation.  In  a  series  of  binary* 
combinations  of  the  same  elements,  such  as  that  of  nitrogen 
and  oxygen,  NOj,  NO^,  NO3,  NO4,  NO5,  the  simplest  view 
has  generally  been  taken,  namely  that  it  is  the  elements  them-' 
selves  which  unite.  But  in  particular  cases  the  chemist  is  often 
involuntarily  led  into  another  opinion.  Thus  deutoxide  of  ni- 
trogen is  so  often  a  product  of  the  decomposition  of  nitric  acid, 
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diAt  It  appears  more  like  a  compound  of  that  oxide  of  nitrogen 

i^en,  than  a  compound  of  nitrugen  itself  with  oxygen* 

...  L.ie  peroxide  of  hydrogen  was  first  discovered  by  Th^nard, 

le  vui  led  by  the   whole  train  of  its  properties  to  view  it  as  a 

^lund  of  ^'ater  and  oxygen,  into  which   it  is  resolved  with 

:ch  facihty,   and  to  name  it  accordingly  oxygenated  water^ 

.  it  may  be,   and  not  a  direct  combination  of  hydrogen  and 

n;  or  its  formula  may  be  HO-hO»  and  not  HO,^,     The 

^       Mlide   of  potassium   and  the  other  analogous    comjKJunds 

oblwied  by  dissolving  iodine  in    metallic   iodides,   were  lirst 

tennc  '         '   ■■':■■'  '■■Jhkn   from   similar  considerations,  and  tlie 


kjpci^ 


lied  by    dissolving   sulphur   in    sulphites. 


nfpkitreit^ff  tulpkiteH,  It  may  be  doubted  whether  chemists 
nuild  return  with  advantage  to  any  of  these  expressions,  tlie 
lirvs  of  comjHisitioa  which  they  indicate  being  uncertain,  and 
out  offering  a  sufficient  inducement  to  depart  from  the  more 
qHniialic  designations.  The  peroxide  of  hydrogen,  for  instance, 
■If  be  ^^ily  resolved  into  water  and  oxygen,  not  because 
witer  preexists  in  it^  but  because  water  is  a  compound  of  great 
^lOUiiMj  and  is  formed  when  peroxide  of  hydrogen  is  tlecom* 
fattA*  Nitric  acid,  also,  is  as  likely  to  be  a  compound  of 
pauiide  of  nitrogen  with  an  additional  atom  of  oxygen,  as  of 
Iflitoxkle  of  !i  with  tliree  atoms  of  the  same  element. 

Certain  con  >,  i>Ddies,   however,    have   been  obsen^ed  to 

id  4e  part  of  a  simple  body  in  combination,  and  can  be  traced 
llM^h  a  «eries  of  compounds.     The  following  substances,  for 
Muioe^   may  be  represented  wHth  considerable  probability  as 
ttnpoUTids  of  carbonic  oxide,  as  in  tlie  formutce  : 
CO,  carlK)nic  oxide. 

CO 4*0,    carbonic  acid, 
CO-hCl,  chloroxicarbonic  acid. 
2CO-f  O,   oxalic  acid. 
2CO  -f  CI,  chloroxalic  acid. 
CBrbanic  oxide  is  said  to  be  the  radical  of  this  series,  a  name 
I0   «iiy  compound  which  is    capable  0/  combrninif  with 
Aoii&r,  as  carbonic  oxide  appears  to  do  with  oxygen  and 
cUorioe  in  tb^e  compounds.     Messrs.  Liebig  and  Wohler  have 
by  dedsire  experiments  that  such  a  radical  exists  in  the 
(  combinations,  which  may  be  represented  thus  ; 
C,,  H^  Oj-^Ot     benaoic  acid. 
Cji  U4  O^  +  IJ,    essential  oil  of  almonds 
C*M  Hft  O^-fCl,   chloride  ot  hen^oyle,  etc. 
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Cyanogen  was  the  first  recognised  member  of  the  class  of 
pound  radicals,  of  which  the  number  known  to  chemists  is 
stantly  increasing,    and  which   appear  to  pervade  the  whi 
compounds  of  organic  chemistry.     In  combining  with  sim] 
bodies,  radicals   act  the  part  of  other  simple  bodies,   such 
metals,  chlorine,  oxygen,  etc.,  which  they  replace  in  compoundm^  _ 

Constitution  0/ salts.  Of  the  supposed  combinations  of  binarf  S 
compounds  with  binary  compounds,   the  most  numerous  and  '^ 
important  class  are  salts.     Sulphate  of  soda  is  commonly  viewed.^ 
as  a  direct  combination   of  sulphuric  acid  and  soda,   each  pie* .  j 
serving  its  proper  nature  in  the  compound ;  and  so  are  all  similir   j 
compounds  of  an  acid  oxide  with  a  basic  oxide.    An  oxyip    ' 
acid  is  allowed  to  exist  in  them,  and  they  are  particularly  dis-- 
tinguished  as  "  oxygen-acid  salts.**     But  an  opinion  was  pro--  a 
mulgated  long  ago  by  Davy,  that  these  salts  might  be  conirti*.; 
tuted  on  the  plan  of  the  binary  compounds  of  the  former 
and  their  hydrated  acids  on  the  plan  of  a  hydrogen  add ;  a 
which  is  supported   by  many  analogies,   and  has  latterly  had  a 
preference  given  to  it  by  some  of  our  leading  chemical  authorH>: 
ties.     It  is,  therefore,  deserving  of  serious  consideration. 

One  class  of  acids,  the  hydrogen  acids,   and  the  salts  wUdb 
they  produce  with  alkalies,    are  unquestionably  binary 
pounds,  and  were  assumed  by  Davy  as  the  types  of  adds 
salts  in  general.     Hydrochloric  acid  is  composed  of  two 
ments,  chlorine  and  hydrogen,  and  with  soda  it  forms 
and  chloride  of  sodium,  thus : 


Soda  /Oxygen. 

\  Sodium.        .  ____!:ih.  Chloride  of  sodiaoL 

the  hydrogen  of  the  add  being  replaced  by  sodium  in  the  adk 
formed.  Hydrocyanic  is  another  hydrogen  acid,  of  whidi 
cyanide  of  sodium  is  a  salt.  In  general  terms,  a  radical  (whidi 
may  be  cither  simple  or  compound,  like  chlorine  or  cjranogen) 
forms  an  acid  with  hydrogen,  and  a  salt  with  sodium  or  any 
other  metal. 

Hydrated  sulphuric  acid,  which  consists  of  sulphuric  acid  and 
an  atom  of  water,  HO  +  SO3,  is  represented  as  a  hydrogen  acid 
by  transferring  the  oxygen  of  the  water  to  the  sulphuric  ackl^ 
to  form  a  new  radical,  SO4,  which  is  supposed  to  be  in  direct 
combination  wiUi  the  remaining  atom  of  hydrogen,  as  H+SO4. 
In  sulphate  of  soda,   the  oxyjren  of  the  soda  is  in  the  same 
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tnuisferred  to  the  acid,  or  the  fonnuk  of  the  salt  is 
from  NaO-hSO^  to  Na-fSO^.  To  SO^,  which  is 
fOMvaliT  spoken  of  as  the  *^  sulphate  radical/'  the  name  mlpha* 
imfffen  may  be  applied,  and  its  compounds  be  called  sulptm- 
hnden;  and  tlien  the  acid  and  salt  will  he  thus  named  and 
dnoCed  on  the  two  ^dews  of  their  constitution : 

Old  view : 
Hydrated   sulphuric  acid  or  sulphate   of 

oxide  of  hydrogen*        •         .         .         HO-I-SO3 
Sulphate  of  soda  or  sulphate  of  oxide  of 

sodium NaO  +  S03 

New  view ; 
Sulphatoxide  of  hydrogen.        .         .         H  +  SO^ 
SuJphatoxide  of  sodium.           .         •         Na  +  S04; 
which  bst   fonnuke  are  strictly   comparable  with  those  of  an 
admitted  hydrogen  acid  and  its  salt,  such  as  : 
Hydrochloric  acid  or  chloride  of  hydro- 
gen  H-hCl 

Chloride  of  sodium.         •        .        .        Na-f  CI; 

Hydrocyanic   acid  or  cyanide  of  hydro- 
gen*    .         -         -         •         •         *         H  +  NC^ 
Cyanide  of  sodium.  .         .         •         Na  -f-  NC^ ; 

«litt  thus  appear  compounds  of  three  different  radicals, 
dfarme  (CI),  cyanogen  (NC^),  and  sulphatoxygen  (SOJ,  with 
dbsuue  elementary  bodies,  hydrogen  and  sodium.  Sulpha- 
l0K|pgeii  is  known  only  in  combination,  and  has  not  been  ob- 
liiiied  In  a  separate  state  like  chlorine  and  cyanogen.  The 
lodft  sulphuric  acid,  SO3,  which  may  be  separated  from  some 
Al|^tes  and  can  exist  by  itself,  is  supposed  to  be  a  product  of 
tb^deocnDposition  and  not  to  pre-exist  in  these  salts,  so  that 
h  kai  m  seeoodary  character  assigned  to  it. 

Hydrmted  nitric  acid,  or  aqua  fortis,  becomes  a  hydrogen  acid, 
by  the  ereftlian  of  a  nitrate  radical,  nitratoxygen.  It  is  the  ni* 
tr&tosiide  of  hydrogen  instead  of  the  nitrate  of  water, 

H  -f  NOe,  instead  of  HO  +  NO5. 
Tbc  nitrate  of  potash    becomes  the   nitratoxide  of  potassium, 
md  »o  of  all  other  nitrates.     The  existence  of  nitratoxygen  is 
|iyp0tbetical»  M  it  has  not  been  insulated,  but  in  this  respect  it 
ii  not  ocberwiae  situated  than  nitric  acid  itself,  which  cannot  be 

M 
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exhibited  in  a  separate  state,  and  is  believed  to  be  capable  of  k 
existing  only  in  a  state  of  combination. 

It  is  evident  that  the  same  view  is  applicable  to  bydrated 
oxygen  acids  in  general,  which  may  be  made  hydrogen  acid% 
by  assuming  the  existence  of  a  new  radical  for  each,  containing: 
an  atom  more  of  oxygen  than  the  oxygen  acid  itself,  anA 
capable  of  combining  directly  with  hydrogen  and  the  metals. 
The  class  of  oxygen-acid  salts  is  thus  abolished,  and  thej^ 
become  binary  compounds  like  the  chlorides  and  cyanideik{! 
Even  oxygen-acids  themselves  can  no  longer  be  recognised. 
It  is  not  sulphuric  acid  (SO3),  but  what  was  formerly  viewed  as 
its  compound  with  water,  that  is  the  acid,  and  it  is  a  hydrogen 
acid,  llie  properties  which  characterize  acids  are  undoubtedly 
only  observed  in  the  hydrates  of  the  oxygen  acids.  Thus  the 
anhydrous  sulphuric  acid  does  not  redden  litmus,  and  exhibite. 
a  disposition  to  combine  with  salts,  such  as  chloride  of 
sium  and  sulphate  of  potash,  rather  than  with  bases, 
liquid  carbonic  acid  has  little  affinity  for  water,  does  not 
bine  directly  with  lime,  but  dissolves  in  alcohol,  ether  and 
sential  oils  like  certain  neutral  bodies.  It  is  only  when 
ciated  with  water  that  the  bodies  referred  to  exhibit  acid 
perties,   and  then  hydrogen  acids  may  be  produced. 

On  this  view,  it  is  ob\dous  that  the  acid  and  salt  are 
bodies  of  the  same  constitution,  hydrochloric  acid  being 
chloride  of  hydrogen,  as  common  salt  is  the  chloride  of  sodii 
and  sulphuric  acid  and  sulphate  of  soda,  being  the  sulpha! 
of  hydrogen  and  of  sodium.  ITie  acid  reaction  and  sour 
are  not  pecuUar  to  the  hydrogen  compound  and  do  not 
it  firom  the  others,  the  chloride,  sulphatoxide  and  nitratosidejaf 
copper  being  nearly  as  acid  and  corrosive  as  the  chlarid^^ji^ 
sulphatoxide  and  nitratoxide  of  hydrogen,  and  clearly  bodiee'of  1 
the  same  character  and  composition.  They  are  all  equally^ 
salts  in  constitution.  The  theory  in  question,  therefurejy 
truly  a  theory  of  salts,  and  might  be  distinguished  as  ^  the: 
theory  of  Binary  Salts,"  or  some  such'  name,  with  more  piOiS ' 
priety  than  the  theory  of  hydrogen-acids.  The  term  "  acid'^ 
is  not  absolutely  required  for  any  class  of  bodies  included  in 
the  theory,  and  might,  therefore,  be  dropt,  if  it  were  not  tba^ 
an  inconvenience  would  be  felt  in  having  no  common  name 
for  the  hydrogen  compounds,  which  have  so  many  commoa 
uses.     But  overlooking  this  consideration,   the  supporters  of 
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I  theory  might,  perhaps,  simj)lify  the  expression  of  it,  and 
omciliate  tlicir  opponents  by  allowing  that  class  of  bodies  to 
main  the  name  of  acid  which  first  bore  it,  although,  of  course, 
m  a  sen^e  consistent  with  their  own  views.  It  would  then  be 
aidi  bodies  as  anhydrous  sulphuric  acid  {SO,^),  anhydrous  ni- 
tncar^  '    "'      ^  that  would  compose  the  class  of  "  acids  j"  and 

coil  ;  the  generation  of  salts,  tlirec  orders  uf  bodies 

,  VMilfl  be  admitted,  as  in  the  following  tabular  exposition  of  a 
fapcxacDplcs : 


I- 

11. 

III. 

Tlie  ftdd. 

TJie  aatt-ndioL 

Theult. 

so. 

SO^ 

SO^  +  H  or  a  Metal. 

NOs 

.        NOo       . 

NOa  +  HoraMetal. 

NCj       . 

NC;,  +  H  or  a  Mctiil. 

CI 

Cl  +  H  ora  Metal. 

Ife  first  terra  of  the  series,  or  "  the  acid/'  is  wanting  in  the 

hit  two  examples,  and  that  is  the  peculiarity  of  those  bodies 

vhidi  csonstitutt^d  tlie  original  class  of  hydrogen  acids  and  their 

ttlts.     While  the  old  class  of  oxygen-acid  salts  liavc  botli  a 

micftl  and  an  acid^  as  in  the  first  two  examples. 

The  peculiar  advantages  of  the  Binary  Theory  of  Salts,  are — 

Fin^t :  That  instead  of  two  it  makes  but  one  great  class  of 

«lta^  assimilating  in  constitution  bodies  which  certainly  rescm- 

Wttch  other  in  properties.     Chloride  of  sodium  and  sulphate 

oCtidi  are  both  neutral,  and  possess  a  common  character,  which 

II  ihl  of  a  »oda-s?ilt^  but  they  are  separated  widely  from  each 

iih^ofi  the  ordinar)T  new  of  their  constitution  which  is  ex- 

pnawd  in  tlieir  names. 

BeeoECidly :  It  accounts  for  a  remarkable  law  which   is   ob- 

t  in  Uie  construction  of  salts ;  namely,  that  bases  always 

with  as  many  atoms  of  acid,  as  tiiey  themselves  con- 

iif  oxygen ;    a   protoxide,    which   contains   one   atom  of 

-"""1  cam  Inning  and  forming  a  neutral  salt  with  one  atom  of 

-;cn  acid ;  while  an  oxide  which  contains  two  atoms  of 

mfif^cn  to  Otic  of  metal,  like  peroxide  of  tin,  forms  a  neutral 

*^^*  Hth  two  atoms  of  acid  ;  and  an  oxide  of  three  atoms  of 

i  lo  two  of  metal,  like  peroxide  of  iron,  forms  a  neutral 

«ii  with  three  atoms  of  acid.     The  acid  and  oxygen  are  thus 

«lnf»  logetber  in  the  exact  proportion  to  form  the  salt- radical, 

tl«m  being  always  an  atom  of  oxygen  for  every  atom  of  acid 

m  the  »lt-    Thia  will  appear  more  distinctly  in  the  following 

M    2 


im 
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formulsB  which  exhibit  the  composition  of  the  neutral  sul| 
t)f  a  metal  in  four  different  states  of  oxidation,  an  at 
metal  being  represented  by  M. 


JFormukB  of  neutral  mlpkates. 
II. 


As  cousUting  of 
oxide  itnd  ncid. 

MO  +  SO, 


As  consijitiag  of  ititrtal 
and  saU-mdic&K 

M  -h  SO^      .    as  in  sulphate  of  soda. 
M^O-fSOg       .     MjH-iSO^     ,     as  in  sidphate  of  suboxtf 

mercury. 
MO2  +  2SO3    ,.     M  +  2SO4     .     as  in  sulphate  of  penw 

tin, 
M^Oa-fSSO^    ,     M53  +  ^iSO^    ,     as  in  sulphate  of  peroi 

iron. 
The  acid  is  seen  in  the  first  column  to  be  always  in   the 
proportion  to  form  a  siilphatoxide  of  the  metal  in  the 
column ;    and   these    sulphatoxides    correspond    exactlj 
known  chlorides,  such  as  M  CI,  M^  CI,  M  Clj,  M^  CI^. 

Thirdly :  It  offers  a  more  simple  and  philosophical 
tion  of  the  action  of  certain  metals  upon  acid  solutions, 
the  decomposition  of  such  solutions  in  other  circuma 
Thus  when  zinc  is  introduced  into  hydrochloric  acid^ 
allow^ed  on  both  views,  that  the  metal  simply  displac 
hydrogen  w^hicli  is  evolved,  and  that  chloride  of  zinc  is 
in  the  place  of  chloride  of  hydrogen.  In  the  same  wa 
zinc  is  introduced  into  diluted  sulphuric  acid,  which 
the  sulphatoxide  of  hydrogen  on  the  binary  theory,  hj 
is  simply  displaced  and  evolved  as  before,  and  the  sulpli 
of  zinc  formed  instead  of  the  sulphatoxide  of  hydrogen 
metal  in  question  appears  to  be  incapable  of  deeomposiii 
water  by  displacing  its  hydrogen  at  the  temperature  of 
but  this  fact  does  not  interfere  with  the  preceding  t 
zinc  may  have  a  greater  affinity  for  sulphatox)^u  1  i 
oxygen,  and,  therefore,  be  capable  of  decomposing  the  8>ul^ 
oxide,  but  not  the  oxide  of  hydrogen.  If  the  acid  soMI 
however,  contains  sulphate  of  water,  as  it  does  on  oH 
Tiew,  then  zinc  does  and  does  not  decompose  water,  deci 
posing  it  when  in  combination,  but  not  when  free.  U  tJ 
becomes  necessary  to  assume  that  the  presence  of  the  acid 
hances  the  affinity  of  the  metal  for  the  oxygen  of  the  wa 
in  a  manner  which  cannot  be  clearly  explained ;  for  tlie  s< 
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of  ojcide  of  zinc  in  the  acid,  to  which  its  inBuence 
m  generally  ascribed,  accoujits  for  the  continuance  of  the  action, 
hj  providing  for  the  removal  of  the  oxide,  rather  than  for  its 
last  eommencement*  The  phenomena  of  the  decomposition 
«f  an  acid  eolation  hy  electricity,  are  also  most  simply  ex* 
on  the  binary  theory*  Oxide  of  hydrogen  and  sul- 
ide  of  hydrogen,  are  both  binary  *  electrolytes,'  which 
ire  decomposed  by  the  electric  current  in  the  same  manner, 
ddiOQgh  not  with  equal  facility,  the  common  element,  hydro- 
|SI,  proceeding  from  both  to  the  negative  electrode,  and  ihe 
mgsn  in  the  one  case  and  the  sulphatoxygen  in  the  other  to 
Iht  positiire  electrode.  The  sulphatoxygen  finds  water  there, 
«mI  wemAwen  itself  into  sulphatoxide  of  hydrogen  and  free 
mfgcn*  The  decomposition  of  the  sulphatoxide  of  sodium  or 
mtf  ether  salt  may  be  explained  in  the  same  simple  manner ; 
lUfe  on  the  other  view,  it  must  be  assumed  that  a  simulta- 
■potti  transference  between  the  electrodes  of  acid  and  alkali 
vidi  tlic  oxygen  and  hydrogen  of  water  takes  place ;  and  the 
cSkI  of  the  add  in  promoting  the  decomposition  of  the  water 
KBiaina  unaccounted  for. 

When  a  roetalhc  oxide  is  dissolved  in  an  acid  solution,  as 
9ode  of  atinc   in  diluted   sulphuric   acid,  the    reaction   which 
ttcom  is  thus  explained  on  the  binary  theory : 
Salpbstoxide  fllydrogen     •        •  — ._^  Water. 
if  Wdrogen.  I  Sulphatoxygen 
{kaic  of         r  Oxygen        •         •/ 

\Zinc     •         *  ^"""■^Sulphatoxide  of  zinc; 

tho  reaction  lietween  tlie  same  oxide  and  hydrochloric 
(l»ge  160). 

chief  objections  to  the  binary  theory  of  salts,  are — 

The  creation  of  so  many  hypothetical  radicals;  namely, 
►every  class  of  oxygen-acid   salts.     But  it  is  to  be  re- 
abef^d  that  the  great  proportion  of  oxygen  acids,  such  as 
acetic,  oxalic,   &€.  are    equally   of  an   ideal    character 
Md  ernnnot  be  exlubited  in  a  separate  state. 

SeoocKily ;  The  peculiarities  of  the  salts  of  phosphoric  acid 
tm  sappo^ed  to  be  inimical  to  the  new  view,  lliat  acid  formfi 
Ans  different  and  independent  classes  of  salts,  contaijiing 
leniQctively  one,  two  and  three  atoms  of  base  to  one  of  acid. 
On  the  binary  theory,  these  three  classes  of  salts  must  contain. 
three  difftrent  radicals,  combined  respectively  with   one,  two 
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and  three  atoms  of  hydrogen  or  metal.  The  three  phospbatei . 
of  water  and  the  corresponding  phosphatoxides  of  hydrogen'^ 
would  be  represented  as  follows : 

HOH-POg         .        2HOH-P05  SHO  +  PO^ 

H  +  POg  .        2H-hP07  .        SH  +  POg 

Such  radicals  and  such  compounds  with  hydrogen  staitle  lii 
from  their  novelty,  but  it  may  be  questioned  whether  tiicy  arit 
really  more  singular  than  die  anormal  classes  of  pboaphal«%: 
containing  several  atoms  of  base,  for  which  they  are 
tuted,  but  which  we  have  been  more  accustomed  to  eonti 
plate.  All  the  salt-radicals  known  in  a  separate  state^  such 
chlorine  and  cyanogen,  combine  with  one  atom  only  of  faydMb 
gen  or  metal,  but  it  would  be  unfair  to  assume  in  the  pra 
imperfect  state  of  oiur  knowledge  that  other  radicals  may 
exist,  capable  of  combining  with  two  or  three  atoms  of 
as  the  phosphate  radicals  are  supposed  to  do.  The  existence 
at  least  one  such  radical  is  highly  probable,  as  will 
appear. 

In  conclusion,  it  may  be  stated  that  neitlier  view  of  the' 
stitution  of  the  oxygen-acid  salts,  (which  are  alone  affected  ipj 
this  discussion),  rests  on  demonstrative  evidence — they  an* 
both  hypotheses  and  are  both  capable  of  explaining  aU  thft 
phenomena  of  tlie  salts.  But  to  wliichever  of  them  we  give  n.; 
preference,  we  can  scarcely  avoid  using  the  language  of  tiie 
old  theory  in  the  present  state  of  chemical  science.  , 

Without    deciding   definitively  in    favour  of  one    or  otliir 
of  these  views,  a  distribution  of  the  great  class  of  salts  into 
three  orders  may  be  made.     A   certain  number  of  salts  oosr  \ 
tain  radicals    which    can    be  isolated,    others    oxygen-acidii  < 
which  can  be  isolated,  while  others  have  yet  afforded  neither  i 
radical  nor  acid  in  a  separate  state.     Hence,  there  are : 

1.  Salts  of  isolable  radicals:  chlorides,  cyanides,  snlphOi- 
cyanides,  &c. 

2.  Salts  of  isolable  acids  :  sulphates,  carbonates,  &c. 

3.  Salts  which  contain  neither  an  isolable  radical  nor  an 
isolable  acid:  nitrates,  acetates,  hyposulpliites,  &c.  Even 
admitting  that  all  salts  have  the  same  constitution,  the 
capability  of  breaking  up  in  such  different  ways  must  affbfll 
their  modes  of  decomposition  in  different  circumstances,  and 
produce  distinctions  in  properties  wliich  would  render  auch  a 
division  of  them  expedient. 


CONSTITUTION   OF  SALTS.  UiJ 

It  has  become  necessary  to  recoi^nise  three  classes  of  oxypjcn- 
add  salts,  which  hi  the  language  of  the  old  theory  contain,  one, 
two  and  three  atoms  of  base  to  one  of  acid. 

1.  Monobasic  salts. — The  j;reat  proportion  of  acids,  such  as 
sulphuric,  nitric,  &c.  neutralize  but  one  atom  of  l)SLse,  and  form, 
therefore,  monr/basic  salts.  But  tliis  is  not  inccnisistcnt  with 
an  acid'a  forming  two  scries  of  salts  with  the  same  biuse  or  fhiss 
of  isomorphous  bases.  Thus  there  ap|)ear  to  be  two  well 
narked  classes  of  sulpliates  of  the  niaj^nesian  oxides,  whirh 
agree  in  having  one  atom  of  t>ase,  but  difl'er  essentially  in  the 
proportions  of  combined  water  whicli  they  aifect.  In  one  series  the 
nlphate  is  combined  with  one,  three,  five  or  seven  atoms  of 
water.  Copperas  (a  sulphate  of  iron),  cpsom  sidt  (a  sulphate 
of  magnesia),  blue  vitriol  (a  sulphate  of  copper;,  and  most  of 
the  well  known  magnesian  sulphates  behm^  to  this  class,  whieh 
Biay  l>e  called  the  copperas  class  of  sulphates.  All  the  mem 
bers  of  it  are  very  soluble  in  water,  and  f<irm  double  salts  with 
nlphate  of  i>otiish.  The  other  series  atfeet  two,  four  and  six 
afeoms  of  water.  They  are  less  known,  but  appear  to  l>e  of 
quring  solubility,  and  to  l>e  incapable  of  formin;;  double  salts 
with  sulphate  of  potash.  Gypsum  or  sulphate  of  lime  behmgs 
to  this  class,  which  may,  therefore,  be  eidled  the  gypsum  ehiss 
of  magnesian  sulphates.  Sulphate  of  iron  crystallixes  from 
solution  in  sulphuric  acid  with  two  at(jnis  of  water,  with  the 
crystalline  form  and  sparing  solubility  of  gypsum.  Dr.  Kane 
obbuned  a  sulphate  of  eojiper  with  four  atoms  of  water,  by 
exposing  the  anhydrous  ssdt  to  tlie  vapour  of  hydroehlorie 
acid,  which  ap])ears  to  be  the  seeond  term  in  this  series  ;  and 
Mitscherlich  still  maintains  the  existence  of  a  peeuUar  sulphate 
of  magnesia  containing  six  atoms  of  water  4jf  erysUilIization, 
which  will  constitute  the  third  term.  It  is  evident  that  the 
cause  of  such  double  classes  of  salts  is  <is  deeply  seated  as 
that  of  dimorphism,  and  hence,  possibly,  the  magnesian  sulphate 
itself,  whieh  exists  in  the  two  classes,  is  not  the  ssmie  in  its 
constitution  with  reference  U)  heat. 

2.  Bibiuic  salts. — ^'Hiat  class  <«f  phosphates, whieh  received  the 
name  of  pyrophosphates,  was  tlie  only  class  of  salts,  known  till 
lately,  in  which  one  atom  of  acid  neutralizes  twcj  alun»s  4)1  base. 
But  according  to  the  recent  results  of  Fromy  whieh  have  Ihmmi 
fiivourably  reported  \x\hm  by  Dumas,*    the  eUusses  ot  larirutes 

•  LUnmilut,  May  1H38,  p.  Ul. 


lUB 


ARRANGEMENT  OF  THE  fXEMKNTS  IN  COMI*OUNDS, 


1 


and  racemates  which  have  long  been  known  to  chemists,  are 
also  bibasic  salts.  It  is  the  character  of  a  bibasic  acid  to  unite 
at  once  with  two  d^erent  bases^  which  accounts  for  the  fciiv 
mation  of  RocheUe  salt,  the  tartrate  of  potash  and  soda,  of 
which  the  formula  is  KO,  Na  O  +Cg  H^  Onj.  Liebig  has  also 
iBtely  shown  that  gallic  acid  is  bibasic,*  the  gallate  of  lead 
being  thus  composed  2Pb  O  -f-C^  H  O3.  Now  if  we  attempt  to 
make  this  a  monobasic  salt  by  dividing  the  atoms  botli  in  base 
and  acid  by  two,  an  atom  of  gallic  acid  would  come  to  contain 
half  an  equivalent  of  hydrogen,  which  Liebig  considers  as  con- 
clusive against  tlie  division  of  its  atomic  weight.  La< 
acid  also  is  likely  to  prove  bibasic. 

3*  Tribasic  SiiUg. — ^The  tribasic  phosphates  have  proved 
be  the  type  of  a  class  of  salts.  One  atom  of  arsenic  acid  ne^ 
tralizes  three  atoms  of  base  ;  ao,  it  is  probal)le,  does  one  atom 
of  phosphorous  acid.  Tannic  acid  also  saturates  three  atoms 
of  base,  the  formula  of  the  tannate  of  lead  being  3PbO-hC|;j 
H5  Oq  {Liebig).  There  is  the  same  necessity  to  admit  tfael 
citric  acid  is  tribasic,  and  the  formula  of  a  citrate  3MO  -HCi^ 
H5  Oj„  (in  which  M  represents  an  atom  of  metal  or  of  hy« 
drogen)  as  there  is  to  allow  that  gallic  acid  is  bibasic.  Moat 
of  the  citrates  contain  two  atoms  of  fixed  base,  and  one  of  water, 
but  the  citrate  of  silver  contains  three  atoms  of  oxide  of  silver. 
Cyanic,  cyanuric  and  fuiminic  acids  are  isomeric,  and  all  tribasie 
according  to  Liebig,  The  same  chemist  has  also  lately  ascertained 
that  the  related  acids,  meconic>  metameconic  and  pyromeconic^ 
are  respectively  tribasic,  bibasic  and  monobasic, f 

Two  of  the  three  atoms  of  base  in  this  class  of  salts  may  bt 
different  as  is  observed  in  certain  citrates,  cyanurates  and 
phosphates,  or  the  whole  three  may  be  different  as  in  tbt 
phosphate  called  microcosmic  salt,  which  contains  at  ouce  8od% 
oxide  of  ammonium  and  water  as  basest  Two  or  more  of  the 
bases  may  likewise  be  isomorphous,  or  at  least  belong  to  the 
same  natural  family  as  soda  and  oside  of  ammonium^  water 
and  magnesia*  This  class  and  tlie  last  will  probably  be  rapkUy 
augmented  by  the  addition  of  organic  acids.  Dumas  considen 
it  probable  that  the  organic  acids  which  are  not  volatile,   like 


•  L*lnstitut,  May  1838,  piige  141. 
t  LfUcr  from  M.  Liebig,  dated  April  2,  1838. 
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Urtaric  and  citric  acids,  have  all  a  high  atomic  weight,  which 
tliem  to  be  fixed,  and  that  the  received  equiyalents  of 
of  them  may,  therefore,  require  to  l)e  increased,  which 
vcvolil  aflford  room  for  viewing  them  as  bibasic  or  tribasic. 

8alU  usually  denominated  Subsalts,  The  preceding  classes 
ofsaltd)  and  many  other  bodies  also  are  capable  of  combining 
vitb  a  certain  proportion  of  water,  generally  vaguely  spoken  of 
•s  water  of  crystallization.  The  compounds  of  the  present 
daa  appear  to  be  salts  which  have  assumed  a  fixed  metallic 
otide  in  the  place  of  this  water.  They  may,  therefore,  be  truly 
neutral  in  composition,  the  excess  of  oxide  not  standing  in  tiie 
rdation  of  base  to  the  acid,  I  have  elsewhere  shewn  tliat 
crjitallii&ed  mtrate  of  copper,  nitrate  of  water,  (acid  of  sp.  gr. 
),  and  subnitrate  of  copper  may  be  represented  by  the 
lube,  CuO,  NOg-hSHO;  HO,  NO5  +  3HO;  and  HO, 
XO^  +  3CuO,  and  liave  distinguished  as  consiituUonulj  the 
three  atoms  of  water  which  exist  in  these  and  all  the  mag- 
aesian  nitrates,  and  which  are  replaced  by  three  atoms  of  oxide 
of  cupper  in  the  subnitrate  of  copper,  whicli  is,  therefore,  a 
ntnte  of  water  with  constitutional  (not  basic)  oxide  of  copper, 
which  is  expressed  by  the  arrangement  of  the  symbols 
ita  formula.  Water,  oxide  of  copper  and  oxide  of  lead 
to  be  the  bodies  most  disposed  to  attach  themselves 
lis  in  this  manner.  The  strong  alkalies,  potash  and 
» aie  never  found  in  such  a  relation,  or  discharging  any 
function  than  that  of  base  to  the  acid  of  the  salt. 
views  of  subsalts,  in  which  their  constitutional  neutra- 
ls preserved,  have  been  adopted  by  Liebig  and  Dumas, 
extended  to  organic  compounds.  Many  neutriil  organic 
I  mppear  to  be  capable  of  combining  with  metallic  oxides 
j^uticolarly  with  oxide  of  lead,  such  as  sugar,  amidine,  dextrine, 
p,  mnd  they  generally  combine  with  several  atoms  of  the 
^ ;  the  neutral  bodies  mentioned  being  fixed  and  probably 
sing  a  high  atomic  weight.  Thus  in  the  compound  of 
"opone  and  oxide  of  lead,  C^g  Hy  Og  +  SPb  O,  the  orcine  must 
bt  ptesent  in  the  proportion  of  one  atom,  as  the  numbers  of 
in  oonstituent  atoms  have  no  common  divisor  ;  and  the 
OfcinCj  therefore,  is  combined  vnth  five  atoms  of  constitutional 
o^de  of  lead,  which  actually  replace  five  atoms  of  constitutional 
water  which  orcme  otherwise  contains. 
ConsUtational  water  is  sometimes  replaced  by  a  salty   whicli 
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never  happens  with  basic  water,  TJiuts  starch  or  grape 
in  its  onlinary  liydmtecl  state,  consists  of  C^^  H,-j  Oi^-f  "  '  '  ' 
of  which  the  two  atoms  of  water  may  be  replaced  by  chloi  i^*t  v-- 
sodiuiDj  and  the  compound  formed,  C^^  H12  Oi^-f^NaCL  It 
is  to  be  observed  that  constitutional  water  is  combined  wnth  a 
salt  rather  than  in  it,  and  such  an  element  is  removed  and 
replaced  without  affecting  the  structure  of  the  body  to  which 
it  may  be  said  to  be  attached.  Tlie  replacing  substance  may 
also  be  a  compound  of  a  very  different  character  from  wat 
for  besides  metallic  oxides  and  salts^  ammonia  and  cor 
anhydrous  acids  appear  to  be  capable  of  attaching  themselves^ 
KaltSj  m  the  same  manner  as  constitutional  water. 

Sali8  of  the  type  of  red  chromate  of  potash.  Several 
unite  witli  anliydrous  acids.  Thus  both  chloride  of  sodifl 
and  chloride  of  potassium  absorb  and  combine  with  two  at 
of  anhydrous  sulphuric  acid  without  decomposition, 
exposed  to  the  vapour  of  that  substance.  Sulphate  of  pot 
also  combines  with  one  atom  of  anhydrous  sulphuric 
All  these  compounds  are  destroyed  by  water*  But  the 
chromate  of  potash,  generally  called  bichromate  of  pot 
which  consists  of  chromate  of  potash  together  with  one  at 
of  chromic  acid,  is  possessed  of  greater  stability,  as  is  liken 
the  com|M>und  of  chloride  of  sodium  or  potassium  with 
atoms  chromic  acid.  The  red  chromate  might  be  viewed 
a  chromate  of  the  chromate  of  potash,  and  the  two 
compounds  as  bichromates  of  the  chlorides  of  potassium 
sodium,  but  these  expressions  are  more  convenient  than  phi- 
losophical, and  it  will  be  safer  in  the  present  stat«  of  our  know* 
ledge  to  assimilate  these  salts  in  composition  to  the  combina- 
tions of  neutral  bodies  with  constitutional  water,  particularly 
as  we  find  the  proportion  of  acid  to  be  variable,  and  generally 
to  be  more  than  one  atom.  Thus  a  compound  is  known  con- 
taining one  atom  of  potash  and  three  of  chromic  acid,  which 
may  be  viewed  as  a  combination  of  chromate  of  potash  with 
two  atoms  of  chromic  acid,  and  represented  by  KO,  Cr  O^ 
-hSC^O^.  The  red  chromate  uf  potash  will  then  be  KO| 
CrOa  +  CrO^,  and  the  chromate  containing  chloride  of  pO* 
tassium,  KCl  +  2Cr03.  The  biniodate  of  potash  (ioilale  of 
water  and  potash)  may  be  rendered  anhydrous,  and  while  so, 
is  a  salt  of  this  class. 

Dmble  Salts,      Salts  combine  witli  each  other,  but  by  no 
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^Waflt  indlscrimiiiatcly.     With  a  few  exceptions  which  may  be 
placed  out  of  consideration  for  the  present,  the  combining  salts  1 
xe  always  the  gtame  acid,  sulphates  combining  witli  sulphates, 
orides  with  chlorides.     Their  bases  or  their  metals,  however, 
t    belong   to  different  natural  families.     Thus   it   may  1)«^ 
uned  whether  a  salt  of  potash  ever  combines  with  a  salt 
soda^  certainly  never  with  a  salt  of  ammonia.     Salts  of  the 
meroQs  metals  including  hydrogen,  belonging  to   the  niagne-»j 
famil]^^  do  not  combine  together;  thus  sulphate  of  magne- j 
sia  does  not  form  a  double  sialt  \rith  sulphate  of  Ume,  with] 
mlphate  of  zinc  or  with  sulphate  of  water.     While  on  the  other 
b&nd  salta  of  this  family  are  much  disposed  to  combine  with' 
nlu  of  the   potassium  family ;  sulphate  of  soda,  for  instance^ 
funning  double  salts  with  sulphate  of  lime,  sulphate  of  zinc^ 
iDid  sulphate  of  water.     We  have  thus  the  means  of  distinguish-* 
log  between  a  double  salt,  and  the  salt  of  a  faibasic  or  tribasic 
icid*     The  bisulphate  and  binoxalate  of  potash,   saturated  with| 
•oda,  form  sulphates  and  oxalates  of  potash  and  soda«  wliicUj 
fcparEtc  from  each   other  by  crystallization,  although  the  acid 
tilts   are  themselves  double  salts  of  water  and  potash.     But  the' 
fulminate  of  silver,  or   the  acid  tartrate  of  jxytash  (bitar- 
)  affords  only  one  salt  when  saturated  with  soda,  in  which 
us  bases  exiat,  and  which,  therefore,  is  a  salt  of  one 
not  a  compound  of  two  salts.     The  great  proportion 
of  the  salts  which  are  named  super ^  acid  and  di-salts,  contain 
a  salt  of  ¥rater  and  are  double  salts,  such  as  the  supercarho- 
Date  of  soda  (HO,   CO^-hNaO,   CO^),  the  acid  sulphates  of 
potasli  and  tlie  biuacetate  of  soda;  but  a  few  of  them  are  bibasic  or 
tiibssic  salts,  containing  one  or  two  atoms  of  water  as  base, 
^■iicb  MB  the  salt  called  bitartrate  of  potash,   and  biphosphate 
Hf  potash  (2H0,  KO  +  PO,;. 

There  is  no  parallelism  between  the  constitution  of  a  double 

ttlty  and  that  of  a  simple  salt  itself,  or  foundation  for  the  state- 

ita  which  are  sometimes  made,  that  one  of  the  salts  which 

compose  a  double  salt  has  the  relation  to  the  other  of  an  acid 

to  a  base,  and  that  one  salt  is  electro- negative  to  the  other* 

e  resolution  of  a  double  salt  into  its  constituent  salts  by 

city,  has  never  J>een  exhibited,  and  is  not  to  be  expected 

what  is  known  of  electrolytic  action.     While  no  analogy 

wiialever  subsists  between  a  double  salt  and  a  simple  salt  on 

the  Vmary  view  of  the  constitution  of  the  latter.     Besides,  the 
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supposed  analogy  is  destroyed  by  what  is  known  of  the  derixii- 
tion  of  double  salts.  Sulphate  of  magnesia  acquires  an  atom 
of  sulphate  of  potash  in  the  place  of  an  atom  of  water  which  ts 
strongly  attached  to  it,  in  becoming  the  double  sidphate  of 
magnesia  and  potash.  In  the  same  way,  the  sulphate  of  water 
has  an  atom  of  water  also  replaced  by  sulphate  of  potash,  in 
becoming  the  bisulphate  of  potash ;  relations  wliich  appear  in 
[  the  rational  formula?  of  these  salts : 


Sulphate  of  magnesia 
Sulphate  of  magnesia  and  potash 
Sulphate  of  water  {acid  of  sp,  gr.  1-78) 
Bisulphate  of  potash 


MgS  (H)-h6H 
MgS{kS)+6H 
H  S  (H) 
H  S  (k  S) 


It  thus  appears  that  a  provision  exists  in  sulphate  of  magne* 
sia  itself  for  the  formation  of  a  double  salt,  and  that  the  mole- 
cular structure  is  unaltered,  notwithstanding  the  assumption  of 
the  sulphate  of  potash  as  a  constituent.  The  derivation  of  the 
acid  oxalates  likewise^  throws  much  light  on  the  nature  of  dou- 
ble salts.  The  oxalate  of  potash  contains  an  atom  of  constitu- 
^tional  water,  which  is  replaced  by  hydrated  oxalic  acid  (the 
crystallized  oxalate  of  water),  in  the  formation  of  the  binoxabite 
of  potash  (double  oxalate  of  potash  and  water),  or  by  the  oxBp 
late  of  copper  in  the  formation  of  tlie  double  oxalate  of  potash 
and  copper,  asi  exhibited  in  the  following  formulie,  in  which 
the  replacing  substances  are  enclosed  in  brackets  to  mark  tbera 
as  before : 

Oxalata  of  potash  ,        .        .        ,    K  CC  (H) 

Binoxalate  of  potash  ,  .  ,  .  K  CC  (H  CC  HJ 
Oxalate  of  potash  and  copper  •  .  K  CC  (Cu  CC  H^ 
Now  the  anomalous  salt,  quadroxalate  of  potash,  is  derived  in 
the  same  way  from  the  binoxalate,  as  the  binoxalate  itself  is  de- 
rived from  the  neutral  oxalate,  two  atoms  of  water  being  dis- 
placed by  t\i^o  atoms  of  hydrated  oxalic  acid,  thus  ; 

.Buioxalate  of  potash  .        •         K  CC,  H  CC,  (2H) 

Quadroxalate  of  potash      •        .         K  CC,  HCC,  (2HCCHa) 

These  examples  illustrate  the  derivation  of  double  salts  by 
BubstUuiion.    Tiie  structure  of  the  salts  too  exemplifies  whtl 
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ly  be  called  consecutive  combination.     The  basis  of  the  last 

tioned  salt,  for  instance,  is  oxalate  of  potash,  which  is  in 

combination  with  oxalate  of  water.     A  compound  body 

thas  produced  which    seems  to  unite  as  a  whole  with   two 

Etoms  of  hydrated  oxalic  acid.     This  is  very  diiferent  from  the 

direct  combination  of  all  the  elements  which  compose  the  salt* 

In  the  formation  of  other  classes  of  double  salts,  no  substi- 
tution is  obsen'ed,  but  simply  the  attachment  of  two  salts  to- 
g^er,  often  of  an  anliydrous  with  a  hydrated  salt,  in  which 
case  the  last  often    carries  its   combined   water   along    with 
it,    and  sometimes   acquires   an  additional  proportion.      Thus 
b  the  formula  of  the  double   chloride  of  potassium  and  cop- 
per,   K  Cl  +  Cu  CI,  2HO,  the  formulae  of  its    constituent  salts 
reappear  without  alteration ;  and  in  that  of  alum,  sulphate  of 
itash  is  found  with  the  hydrated  sulphate  of  alumina  annexed, 
which  the  water  is  increased  from  eighteen  to  twenty-four 
ms.     In  these  and  all  other  double  salts,  the  characters  of 
constituent  salts  are  very  little  affected  by  their  state  of 
If  one  of  them  has  an  acid  reaction,  like  sulphate  of 
Ittmina  or  chloride  of  copper,  it  retains  the  same  character  in 
mbination ;  and  nothing  resembling  a  mutual  neutralization 
of  the  salts  by  each  other  is  ever  observed. 

llie  compounds  of  chlorides  with  chlorides,  and  of  iodides 
^^rith  iodides  are  numerous,  and  were  viewed  by  Bonsdorf  as 
^■imple  salts,  in  which  one  of  the  chlorides  is  the  acid,  and  the 
^■Mier  the  base.  But  such  an  opinion  can  no  longer  be  enter- 
^■alned,  the  chlorides  themselves  being  unquestionably  salts, 
^Miid  their  compounds,  therefore,  double  salts. 
^^  The  combinations  of  such  salts  with  each  other  as  contain 
iffcrent  acids  are  not  so  well  understood,  the  theory  of  their 
tation  having  been  Uttle  attended  to.  They  are  in  general 
imposed  by  water,  and  easily  if  the  solubility  of  one  of  their 
itituents  is  considerable,  as  is  observed  of  the  compounds  of 
ite  of  soda  with  one  and  with  two  proportions  of  chloride  of 
rtodium,  of  the  biniodate  of  potash  with  the  sulphate  of  potash, 
of  the  oxalate  of  lime  with  the  chloride  of  calcium, 

Tlie  compound  cyanides  which  form  a  considerable  class  of 
lalts  must  be  excepted  fi-om  all  the  preceding  general  statements 
in  regard  to  double  salts.  Cyanides  of  the  same  family  combine 
together,  as  cyanide  of  iron  with  cyanide  of  hydrogen;  the 
Goinpoand  cyanide  also  generally  consists  of  three  and  not  of 
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two  simple  cyanides ;  and  lastly  the  properties  of  compoui 
.cyanides  are  very  different  from  those  of  the  simple  cyanic 
which  are  supposed  to  compose  them.     The  simple  cyanide  ( 
potassium,  for  instance,  is  highly  poisonous,  while  the  douh 
cyanide  of  potassium  and  iron  is  as  mild  in  its  action  upon 
animal   economy   as    sulphate   of  soda.      But   the    compoi 
cyanides  may  be  removed  from  the  class  of  double  salts  on] 
I  speculative  view  of  their  constitution,  which  their  anomalc 
character  warrants  me  in  proposing.     It  is  to  be  premised 
the   supposed    double   proto-cyanide   of  iron    and   potassiu 
k  (yellow  prussiate  of  potash)  affords  no  hydrocyanic  acid  wha 
[€ver  when  distilled  i^ith  an  excess  of  sulphuric  acid  at  a 
Iperature  not  exceeding  lOOo,  which  suggests  tlie  idea  tiiat ' 
tdoes  not  contain  cyanides  or' cyanogen.    Assuming  the 
of  a  new  compound  radical^  N,  Cg,  which   has  three  t 
atomic  weight  of  cyanogen,  and  may  be  called  prmjnne^  ai 
'which  is  also  tribanc  or  capable  of  combining  with  three  at 
of  hydrogen  or  metal,  hke  the  radical  of  the  tribasic  class  < 
phosphates,  then  the  compound  cyanides  assume  a  constitut 
;  of  extreme  simplicity.     We  have  one  atom  of  prussine  con 
biaed  always  with  three  atoms  of  hydrogen  or   metal  in 
following  salts;    in  the  proto-cyanide  of  iron  and  potassiu 
.with  one  of  iron  and  two  of  potassium  ;  in  the  compound  callc 
rifcrro-cyanic  acid,  with   one  of  iron  and  two  of  hydrogen ; 

Mosander's  salts,  with  one  of  iron,  one  of  potassium  and 

t  of  barium,  calcium,  &c,;  with  two  of  iron  and  one  of  potassit] 

fin  the  salt  which  precipitates  on  distilling  tlie  yellow  pnissia 

of  potash  ^^th  sulphuric  acid  at  212**,     To  many  of  these, 

,  rallel  combinations  might  be  adduced  from  the  tribasic  pht 

phatcs-     Prussides  hkewise  combine  tt^ether,  producing  doul 

prussides,  such  as : 

(rJPercyanide  of  iron  and  potassium 

{red  prussiate  of  potash)         ,  Fe^,  N3  C^  H-  K3,  N^  C5 
Prussian  blue    •         ,         •         •  Fe^,  N^  Q  +  Fe^,  N^  C5 
Basic  Prussian  blue  .        .        .  Fe^,  N3  C^  -I-  Fc^,  N^  C^  +  Fe^  O ^ 

One  of  the  proximate   constituents  in  the  class  of  salts, 
Iways  a  metal  or  hydrogen  on  the  one  theory,  or  the  o^dde 
metal  or  of  hydrogen  on  the  other.     The  metal  ut  the  oxid 
in  the  salt  i*  often  spoken  of  as  its  radical,  or  the  oxide  of  it 
radical,  expressions  which  are  perfectly  correct,  but  apt  to  lead 
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to  conftision  from  the  appli<^ation  of  the  term  *^  salt-radical'* 
to  the  other  constituent  of  the  salt  on  the  binary  theory.  It 
iiuif  be  useful,  therefore,  to  have  a  specific  expression  for  the 
meUllic  radical  of  a  salt,  sucli  as  ba4tyl€j  a  term  compounded 
of  bose^  which  is  applied  to  the  oxide  of  the  metal,  and  hXri, 
wahtre  or  principiey  a  termination  ah^eady  adopted  in  particular 
in  the  sense  here  given  to  it,  Tims  of  sulphate  of  soda, 
is  the  base  and  sodium  the  basyle  ;  and  on  the  binary 
sulphatojtygen  being  the  salt-radical,  sodium  is  still  the 
basyle  of  the  same  salt.  But  the  necessity  for  such  a  term  is 
citiefly  occasioned  by  the  extension  which  has  been  made  by 
AtmUBtB  of  their  views  respecting  saline  combination  to  the 
iOBipOunds  of  ammonia,  and  to  the  great  class  of  bodies  called 
etiiers,  in  which  the  existence  of  a  compound  basyle  is  re- 
eognised  discharging  the  function  of  the  simple  metalhc  radi- 
ad  in  ordinary  salts. 

Sails  of  Ammonia.  Ammonia  is  a  gaseous  compound  of  one 
•tom  of  iiitrogen  and  three  of  hydrogen,  of  which  the  solution 
in  water  is  caustic  and  alkaline,  and  which  neutralizes  acids 
perfectly,  as  potash  and  soda  do.  But  all  its  oxygen-acid 
mks  contain,  besides  ammonia,  an  atom  of  water  which  is 
fittential  to  them,  and  inseparable  without  the  destruction  of 
fkt  salt;  and  with  this  additional  constituent,  they  arc  isomor- 
-'*v-fi^  with  the  salts  of  potash.  Hydro-chloric  acid  also  unite;* 
uirnionia  without  losing  its  hydrogen,  and  the  compound 
or  bydrochlorate  of  ammonia,  w^hich  is  isomorphous  with  the 
dikiride  of  potassium,  contains,  therefore,  an  atom  of  hydro- 
gm,  besides  chlorine  and  ammonia.  Now,  on  the  theory  of 
Ikc9e  salts,  the  ammonia  with  this  hydrogen  or  that  of  the 
wiler  in  the  oxygen-acid  salts,  constitutes  a  hypothetical  radi- 
ol  or  basyle,  ammonium^  (NH^),  to  which  allusion  has  already 
bdsi  mAde  as  being  isomorphous  with  potassium.  This  view 
rf  the  constitution  of  the  salts  of  ammonia  -will  be  made 
otmotts  by  a  few  examples. 

ON  THIS  AMMONlUaC  TllKORy. 

Qfdtvd^lorttroriimfnoniOjNH^^HCI.  Cblortde  of  lunmoDLunij  Nlf |»  CI* 

!  of  atnmotiiii,  NHj  HO,  SOj.  Sulphate     of    oxiJe    of    ammoniuin, 

NH,  O,  SO,. 
Kjinte  of  nmmoai^t  Nl!^  HOj  NO^,  Nitrate  of  oxtde  of  aiamonlmn,  NU4  0» 

NO  J. 


no 
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The  application  of  this  theory  to  the  compounds  of 
monia  wth  sulphuretted  hydrogen  and  sulplmr  is  particular! 
felicitous.  These  compounds  may  be  thus  represented,  and 
placed  in  comparison  with  tlieir  potassium  analogues,  NH4 
heing  equivalent  to  K, 

Sulphuret  of  aramODium  .  .  .     NH4  S        .  KS 

Hfdroftulphuret  ofBulpliiiret  of  ammonium  ( biby- 

drosulphuret  of  ammouia  .  ,    NH^S,  HS  .  KS,  HI 

Tritosulphu ret  of  ammonium        ,  .  .     NH^  Sj        ,  KSj 

Pentasulpburet  of  ammoniura      .  .  .    NH^  S^        .  KS^ 

Ammonium  is  supposed  to  present  itself  in  a  ta! 
form  and  in  possession  of  metallic  characters,  in  the 
mation  of  what  is  called  the  anifnoniacal  amalgam.  When 
cury  alloyed  with  one  per  cent  of  sodium  is  poured  into  a 
turated  cold  solution  of  sal  ammoniac  (chloride  of  ammoni 
it  undergoes  a  prodigious  increase  of  hulk,  increasing  somei 
from  one  volume  to  two  hundred  volumes,  without  beco 
in  the  least  degree  vesicular,  and  acquires  a  butyraceous  com 
teiioe,  while  its  metallic  lustre  is  not  impaired*  A  small 
tion  is  at  the  same  time  made  to  its  weight,  estimated  at 
1  part  in  2000  to  1  io  10,000,  and  which  certiinly  con: 
of  ammonia  and  hydrogen  in  the  proportions  of  ammoni 
The  sodium,  it  is  supposed,  combines  with  the  chloi 
of  chloride  of  ammonium,  and  the  liberated  ammonium 
mercury,  so  that  the  metallic  product  is  an  amalgam 
ammonium*  It  speedily  resolves  itself  again  spontancoi 
into  running  mercury,  ammonia  and  hydrogen.  But  the  ch 
which  occurs  to  the  mercurj'  in  this  experiment  is  of  a 
dite  nature,  and  admits  of,  at  least,  one  other  hypothetical 
planation  which  is  equally  probable.  After  all,  however, 
neither  isolation  nor  the  metallic  character  is  essential  to 
ammonium  as  an  alkaline  radical,  other  basyles  being  now 
admitted,  such  as  ethyle  and  benzoyle,  which  have  no  claim 
to  such  characters.*^ 

Other  classes  of  ammoniacal  salts  may  be  formed  in  whidi 
the  fourth  atom  of  hydrogen  in  ammonium  is  replaced  by  a 
metal  of  the  magnesian  family,  and  by  copper  in  particultr 
which  most  resembles  hydrogen.  Thus  anhydrous  chloride  of 
copper  absorbs  an  atom  of  ammonia  with  great  avidity,   which 

•  Viewed  ib  relation  witb  the  organic  baaylei,  it  iDiglit  be  termed 
rather  ilian  ammoniain. 


EtAHUWttlUf;  WUiU  IlAUie  BUIUIUIUA9  WIUUEl  MM  ircuuiiisii  1 
Ijr,  and  has  the  relation  of  constitutional  water  to  the 
constitution  of  these  combinations  will  be  more  mi- 
considered  in  another  part  of  the  work. 
doffen  and  amides.  The  existence  of  another  compound 
Bogea  and  hydrogen^  containing  an  atom  less  of  hydro- 
Inn  mmmonta,  (NHj),  is  recognized  in  an  important  series 
le  compounds,  although  it  has  not  been  isolated.  These 
nnds  are  called  amides^  and  hence  the  name  amidogen 
to  their  radical.  When  potassium  is  heated  in  am- 
ial  gas^  the  metal  is  converted  into  a  fusible  green 
I  which  appears  to  contain  the  amide  of  potassium,  while 
mic  proportion  of  hydrogen  is  disengaged.  Amidogen 
miso  in  the  white  precipitate  of  mercury  of  pharmacy, 
on  adding  ammonia  to  corrosive  sublimate,  the  pro- 
using  a    double    chloride    and   amide    of  mercury    (Ag 

des  are  produced  in  an  interesting  way,  by  the  abstrac- 
■  the  elements  of  water  from  compounds  of  ammonia  with 
I  acids.  Thus,  on  decomposing  oxalate  of  ammonia  by 
file  acid  losing  a  proportion  of  oxygen,  and  the  ammonia 
^rtioii  of  hydrogen,  oxamide  sublimes,  wliich  consists  of 
t2CO.  When  ammoniacal  gas  and  anhydrous  sulphuric 
ipottr  are  mixed  together,  a  saline  substance  is  produced 
dtaaiolves  in  water,  but  is  not  sulphate  of  ammonia,  the 
bn  mffDrding  uo  indications  of  sulphuric  acid.  It  is  be- 
to  be  a  hydrated  sulphamide^  or  to  be  constituted  thus, 
Hf\  j^  no  ;  a  compound  which  it  will  be  observed  con- 
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by  the  remarkable  and  apparently  peculiar  aptitude  of  mercury 
to  combine  \\ith  amidogen^  and  by  the  position  which  hydrogen 
holds  among  elementary  bodies,  which  is  that  of  a  metal  of  ike 
maffnesian  class.     It  is,  that  the  light  ammoniacal  ainal^m  is  I 
an  amalgam  of  hydrogen,  with  tlie  amide  of  mercury,  or  ]>• 
a  double  amide  of  mercury  and  chloride  of  sodium,  di: 
through  it.     The  reaction  by  which  these  bodies  may  be  pro- 
duced, is  explained  in  the  following  diagram ; 


Before  d«comitiisilion. 

f  Mercury. 
Amalgam  of     )  Mercury. 
sodium.  i  Mercury. 

^  8odium. 


After  decomposition* 
\malgam  of  liydrog 
Amide  of  mercury 
Amalgam  of  hydrogen 


Chloride  of  sodium. 


f  Hydrogen. 
Hydrochlorate  1  Amidogen 
of  A  m  m  o  n ia.  y  U  yd  r ogei i 

C  Chlorine. 

Theory  of  the  Ethers.  As  the  ideas  of  chemists  res] 
salt-radicals  first  derived  from  certain  simple  bodies,  such 
chlorine,  were  afterguards  extended  through  cyanogen, 
so  closely  resembles  them,  to  compound  salt-radicals  of 
complexity,  so  their  ideas  of  basyles  derived  from  the  sii 
metals,  have  been  extended  through  ammonium,  which 
bits  an  absolute  parallelism  to  potassium,  to  other  com; 
baayles,  the  oxides  and  salts  of  which  exhibit  a  less  o^ 
relation  to  their  metalhc  prototypes.  In  the  theory  of 
first  suggested  by  Berzelius,  which  was  powerfully  adv< 
by  Liebig,  and  is  now  generally  acquiesced  in  by  chemists, 
body  is  represented  as  the  oxide  of  a  basyle  named  ethyle,  or  if 
C^  Hjj,  O;  and  is  considered  itself  a  true  base  capable  of 
neutralizing  acids,  notwithstanding  its  want  of  alkalinity  to 
the  taste,  or  as  tried  by  test-paper,  although  it  is  sapid  and 
soluble  in  water*  Alcohol,  from  the  decomposition  of  whkb 
ether  is  derived,  is  the  hydrate  of  the  oxide  of  ethyle,  C^  H^Oi 
HO;  nitrous  ether  is  the  nitrite  of  ether,  C^  H^  O,  NO,| 
oxalic  ether,  the  oxalate  of  ether,  C^  H^  O,  C^  O^^ ;  and  suiplui* 
vinic  acid  may  be  called  either  the  bisulphate  of  ether,  or  die 
sulphate  of  water  and  ether,  HO,  SOa^C^  H5  O,  SO^.  H 
drochloric  ether  is  the  chloride  of  ethyle,  C^  Hj,  CL  T 
same  views  are  extended  to  all  the  compounds  of  ether  vnUi 
both  oxygen  and  hydrogen  acids. 
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Anotlier  class  of  saline  compounds  has  been  derived  from 
rood-spirit,  of  which  the  basyle  is  m^thtjle^  C3  H3  O,  equally 
ttnmeroua,  and  closely  analogous  in  properties  to  the  alcoholic 
imes.  Many  other  classes  of  organic  compounds  besides  are 
fiKind  to  correspond  with  that  scries,  and  the  order  of  saline 
ouupounds  is  likely  to  undergo  a  vast  expansion.  It  thus  ap- 
pears  that  conclusions  respecting  salts  are  of  a  wide  and  general 
ipplication.  Indeed  the  great  question  respecting  the  constitu- 
6011  of  an  oxygen-acid  salt,  is  the  pivot  upon  which  the  whole 
llody  of  chemical  theory  turns  at  this  moment* 

SECTION  IL 

« 

CHEMICAL  AFFITvm . 

In  the  preceding  section,  compound  bodies  have  been  viewed 
e  ilr^dy  formed,  and  existing  in  a  state  of  rest.  The  arninge- 
il,  weights  and  other  properties  of  their  atoms,  have  also 
examined,  with  the  relations  and  classification  of  the 
idA  themselves.  But  chemistry  is  more  than  a  des- 
sctence ;  for  it  embraces,  in  addition  to  views  of  com- 
I,  the  consideration  of  the  action  of  bodies  upon  each  other 
leads  to  the  formation  and  destruction  of  compounds- 
bodies,  when  placed  in  contact,  exhibit  a  proueness  to 
tbine  with  each  other,  or  to  undergo  decomposition,  while 
may  be  mixed  most  intimately  without  change,  The 
phenomena  of  combination  suggest  the  idea  of  peculiar 
MUchments  and  aversions  subsisting  between  different  bodies, 
wA  it  was  in  this  figurative  sense  that  the  term  afftniiy  was 
(lit  applied  by  Boerhaave  to  a  property  of  matter.  A  specific 
sttmction  1  between  different  kinds  of  matter  must  be  admitted 
m  the  cause  of  combination,  and  this  attraction  may  be  con- 
Tf>fti#*tiUy  distinguished  as  cliemkal  affinity, 

pnrticles  of  a  l>ody  in  the  solid  or  liquid  state  exhibit  an 
4mM.-ti«Ki  for  each  other,  which  is  the  force  of  cohedorh  and 
cftn  different  kinds  of  matter  bave  often  an  attraction  for  each 
ntkcTj  which  b  probably  of  the  same  nature,  although  distiu- 
pndied  aji  adhtmon.  This  force  retains  bodies  in  contact, 
liidi  arc  once  placed  in  sufficient  proximity  to  each  other. 
li  ii  abibited  in  the  adhesion  of  two  smooth  pieces  of  lead 
'    >gcther,  or  perfectly  flat  pieces  of  plate-glass,  which 
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sometimes  cannot  again  l>e  separated^  Tlie  action  of  glwe, 
mortar  and  other  cements  in  attaching  bodies  together,  dcpciJ 
entirely  upon  the  same  force.  In  detaching  glue  from  the  sW: 
facc  of  glass,  the  latter  is  sometimes  injured,  and  portions  of 
are  torn  off  l>y  the  glue,  the  adhesive  attraction  of  the  tW0 
bodies  being  greater  tlian  the  cohesion  of  the  glass.  The  pro- 
perty of  water  to  adhere  to  solid  surfaces  and  wet  them,  it% 
imbibition  by  a  sponge,  the  ascent  of  liquids  in  narrow  tnbeii 
and  other  phenomena  of  cxipillary  attraction,  and  the  rapiA 
diffusion  of  a  drop  of  oil  over  the  surface  of  water  are  illustm- 
tions  of  the  same  attraction  between  a  liquid  and  a  solid,  ana 
between  different  liquids.  But  this  kind  of  attraction  is  defi- 
cient in  a  character  which  is  never  absent  in  true  chemical 
affinity — ?7  effects  no  change  in  the  properties  of  bodi^Su  It 
may  bind  different  kinds  of  matter  together,  but  it  does 
alter  their  nature. 

The  tendency  of  different  gases  to  diffuse  through  each 
till  a  uniform  mixture  is  formed,  is  another  property  of 
tfie  effect  of  a  force  wholly  independent  of  chemical  affinity, 
is  certain  that  this  physical  property  is  not   lost  in  liquids, 
tliat  it  contributes  to  that  equa1>!e  diffusion  of  a  salt  thro^ 
menstruum  which  occurs  spontaneously,  and  without  agil 
to  promote  it** 

Solution.  The  attraction  between  salt  and  water, 
occasions  the  solution  of  the  former,  differs  in  several  cin 
stances  from  the  affinity  which  leads  to  the  production  oi 
finite  chemical  compounds.  In  solution,  comliination  takes 
in  indefinite  proportions,  a  certain  quantity  of  common  aall 
solving  in,  or  combining  with  any  quantity  of  water  however 
while  a  certain  quantity  of  water,  such  as  100  parts  can  di 
any  quantity  of  that  salt  less  than  3?  parts,  the  pro] 
which  saturates  it.  Water  has  a  constant  solvent  power  d 
other  soluble  salt,  but  the  maximum  proportion  of  salt  di 
or  the  saturating  quantity,  has  no  relation  to  the  atomic  wci 
of  the  salt,  and  indeed  varies  exceedingly  with  the  temperaftma 
of  the  solvent.  The  limit  to  the  solubility  of  a  salt  seemji  to  hi 
immediately  occasioned  by  its  cohesion.  Water,  in  proportioll 
as  it  takes  up  salt,  has  its  power  to  disintegrate  and  dissol' 
more  of  tlie  soluble  body  gradually  diminished,  it  dissolves 

^  ierichaa  in  l^oggeodorff'*  Anoaicni  34»  613}  or  Hare  nod  Mo«er*i 
riiun  der  Pbysik,  1,  96.    1&37. 


puftions  slowly  and  with   difficulty,  aud   at  last  when   sa- 
ls incapable  of  overcoming  the  cohesion  of  more  salt 
that  may  be  added  to  it.     The  sokibihty  in  water  of  another 
body  in  the  liquid  state  is  not  restrained  by  cohesion,  and  is 
m  general   unlimited.      Thus   alcohol,  and  also    soluble    salts 
•bore  the  temperature  at  which  they  liquefy   in  their  water  of 
cTfStallisation,  dissolve  in  water  in  any  proportion.     Generally 
^Kaldng  also  those  salts  dissolve  in  largest  quantity  which  are 
mast  fusible^  or  of  whicli  the  cohesion  is  most  easily  overcome 
bf  heat,  as   the  hydrated   salt^,    and  among  anhydrous  salts, 
file  nitrates,  chlorates,  chlorides  and  iodides  which  are  all  re- 
m&rkable  for  their  fusibilit}%     In   this  species  of  combination, 
bodies  are  not  materially  altered  in  properties,  indeed   are  little 
affected  except  in  their  cohesion. 

The  union  algo  between  a  body  and  its  solvent  differs  in  a 
tukfked  manner  from  proper  chemical  com l)i nation  in  tlve  re- 
ktion  of  the  bodies  to  each  other  which  exJiiliit  it.  Bodies 
imMne  chcmicaUy    with   so    much    the  more    force   as  their 


poperties  are  more  opposed,  but  tliey  dhsolve  the  more 
icidily  in  each  other,  the  more  similar  their  properties.  Thus 
■letakt  of>mbine  with  non-metallic  bodies,  acids  with  alka- 
iet;  but  to  dissolve  a  metal,  another  metil  o^ust  be  used, 
iQch  as  niercury ;  oxidated  bodies  dissolve  in  oxidated  solvents 
m  the  salts  and  acids  in  water ;  while  liquids  which  contain 
siQch  hydrogen  are  the  best  solvents  of  hydrogenatcd  bodies, 
10  oil,  for  instance,  of  a  fat  or  a  resin,  alcohol  and  ether  dis- 
vilTing  tlie  essential  oils  and  most  organic  principles,  but 
few  salts  of  oxygen  acids.  Tlie  force  which  produces  so- 
li*'i.fn  differs,  ttterefore,  essentially  from  chemical  affinity  in 
^  exerted  between  analogous  particles,  in  preference  to 
yarticle^t  wbiclt  are  very  unlike,  and  resembles  more,  in  this 
Inspect,  the  attraction  of  cohesion. 

A  more  accnrate  idea  of  the  varying  solubility  of  a  salt  at 
Acrmt  temperatures  may  be  conveyed  by  a  curve  constructed  tn 
wrftrcsent  it,  tlian  by  any  other  means.  The  perpendicular  lines  in 
ifar  foOowing  diagram,  indicate  tlie  degrees  of  temperature  which 
Ml!  ntarked  below  them,  and  the  horizontal  lines,  quantities  of 
jih  iHswIved  by  1(^0  parts  of  water.  The  proportion  of  any 
idt  di^solTed  at  a  particular  temperature  may  be  learned  by 
carrying  the  eye  along  the  perpendicular  line,  expressing  that 
tciDpcratare,  till  it  cuts  the  curve  uf  the  sail,  and  tiien  hori- 
SOAtaUy  to  the  column  of  parts  dissolved. 
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^K            It  will  be  observed  that  the  perpendicular  lines  advance  ^H 
^1         9  degrees,  the  first  being  32%  und  the  last  230^    The  solubil^H 
^H          of  nitrate  of  jjotash  increases  from    13   parts  in  ICO  water  ^H 
^B         $2%  to  80  parts  at  118%  or  very  rapidly  with  the  temperatn^H 
^^^B    Sulphate  of  soda  is  seen  by  the  form  of  its  curve  to  increasa^H 
^^^m    solubility  from  5  parts  at  32'^  to  52  parts  at  92^^  but  then^^H 
^V         diminish  in   solubility   with  farther  elevation  of  temperatig^H 
^H          In  this   salt,   sulpliate  of  magnesia  and  chloride  of  barium  dV 
^H          solubility  is  expressed  in  parts  of  the  anhydrous,   and  not  ttm 
^H          hydrated  salt.     The  lines  of  chloride  of  barium  and  chloride  rf 
^H         potassium  are  parallel,   shew^ing  a  remarkable  relation  belwieea 
^H         the  solubilities  of  these  two  salts,  which  does  not  appear  in  abj 
^H          others.    The  line  of  chloride  of  sodium  is  observed  to  eat  all 
^H         the  lines  of  temperature  at  tlie  same  height,  100  parts  of  wttt«r 
^^^^     dissolving  37  parts  of  that  salt  at  aU  temperatures. 
^^^H        Chemical  affinity  acts  only  at  insensible  distances,  and  baa 
^^^^    no  cflFect  in  causing  bodies  to  approach  each  other,  which  ua 
^H          not  m  contact,  differing  in  this  respect  from  the  attraction  of 
^H          gra\itation  which  acts  at  all  distances,  however  great,  althoi^^ 
^H          vnth  a  diminishing  force.     Hence,  the  closest  approximation  of 
^H          unlike   particles  is  necc^ary  to  developc  their  affinities,  and 
^H         produce  combinution*     Sulphur  and  copper  in  mass  have  no  \ 
^H          effect  upon  each  other,  but  if  both  be  in  a  stntc  of  great  divi- 
^H          aion,  and  rubbed  ttigither  in  a  mortar,  a  powerful  afiinity  is 
^B         brotigbt  into  play,  the  bodies,  themselves  disappear^  and  icd- 
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Hlfeet  of  copper  is  produced  by  their  union,  ^\ith  the  evolution 

^TBHich  heat-     The  affinity  of  bodies  is,  therefore,  promoted 

hj  cveiything  which  tends  to  their  close  upproximation ;    in 

solids,  by  their  pulverization  and   intermixture,  this  attraction 

Riiding  in  the  ultimate  particles  of  bodies  ;  in  gases,  by  their 

spontaneous  diflFusion  tlirougli    each  other,  which  occasions  a 

more  complete  intermixture  than  is  attainable  by  mechanical 

means ;  and  between  liquirls,  or  between  a  liquid  and  solid  by 

the  ttdhejsive  attraction  which  liquids  possess,  which  must  lead 

mbi  perfect  contact,  and  also  by  a  disposition  of  liquid  bodies  to 

Pwermix,  of  the  same  physical  character  as  gaseous  diftusion. 

Elevation  of  temperature  has  certainly  often  a  specific  action 

m  increasing  tlie  affinity  of  two  bodies,  but  it  also  often  acts 

Lby  producing  a  perfect  contact  between  them,  from  the  fusion 

Hr  iiiporisation  of  one  or  both  bodies.     Hence,  no  practice  is 

■Kipe  general  to  promote  the   combination  of  bodies  than  to 

fmkt  them  together. 

If  the  affinity  between  two  gases  is  sufficiently  great  to  begin 

■tombi nation,  the  process  is  never  interrupted,  but  is  continued 

Bom  the  ditTosion  of  the  gases  through  each  other  till  complete, 

Brat  least  till  one  of  tlie  gases  is  entirely  consumed.    Thus 

Hiieit  hydrochloric  acid  and  ammoniacal  gases^  in  equal  mea- 

Bres*  ar^  introduced  into  a  jar  containing  at  the  same  time  a 

Hrge  quantity  of  air,  the  formation  of  hydroclilorate   of  am- 

BoQia  proceeds,  the  gases  appearing  to  search  out  each  other, 

■I  no  portion  of  uncombined  gas  remains,     llie  combination 

B  two  liquids,  or  of  a  liquid  and  a  solid,  hi  also  facilitated  in 

Be  aame  manner  by  the  mobility   of  the  fluid,  and  proceeds 

HKbout  interruption,  unless,  perhaps,  the  product  of  the  com- 

Bmstton  be  solid^  and  by  its  formation  inteq>ose  an  obstacle 

Bilbe  contact  of  the  combining  bodies.     But  the  affinities  of 

Wfo  solids  which  are  not  volatile   are  rarely  developed  at  all, 

cpving  to  the  imperfection  of  contact.     Even  the  action  of  very 

fOfW&ful  affinities  between  a  solid    and  a  liquid   or  a  gas,  is 

oAen  arrested  in  the  outset  from  the  physical  condition  of  the 

fiirmer*    Thus,  the  affinity  bet^veen  oxygen  and  lead  is  cer- 

ImIt  considerable,  for  the  metal  is  rapidly  converted  into  a 

oxide^  wlien  ground  to  powder  and  agitated  with  water 

^tts  osaalacratedcondition  J  and  in  the  state  of  extreme  division 

i  wliich  lead  is  obtained  by  calcining  its  tartrate  in  a  glass 

lite   metal  is  a  pyraphorus,  and  combines  with   oxygen 
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when  cold  with  so  much  avidity  as  to  take  fire  and  bum  th^| 
jQomeut  it  is  exposed  to  the  air.  Iron  also^  in  the  spongy  aml^l 
divided  state  in  which  it  is  procured  by  reducing  the  peroxi^^l 
by  means  of  hydrogen  gas  at  a  low  red  heat,  absorbs  oryg^H 
with  equal  avidity  at  the  temperature  of  the  air»  and  takes  6^M 
and  bums.  But  notwithstanding  an  affinity  far  oxygen  4^| 
such  intensity,  these  metals  in  mass  oxidate  very  slowly  ^H 
air,  particularly  lead,  which  is  quickly  tarnished  indeefH 
but  the  thin  coating  of  oxide  formed  does  not  penetrate  to  ^M 
sensible  depth  in  the  course  of  several  years.  The  suapen8]i(i|^| 
€»f  the  oxidation  may  be  partly  due  to  the  comparatively  sml^l 
surface  which  a  compact  body  exposes  to  air,  and  which  hl^l 
comes  covered  by  a  coat  of  oxide  and  protected  from  farthfi^ 
change ;  but  partly  also  to  the  effect  of  the  conducting  poww* 
of  a  considerable  mass  of  metal  in  preventing  the  elevation  cf  I 
temperature  consequent  upon  the  oxidation  of  its  surfiio^  I 
For  metals  oxidate  with  increased  faf^Ulty  at  a  high  tempem-^  I 
ture,  such  as  the  lead  pyrophorus  quickly  attains  from  the  ood- J 
dation  of  the  great  surface  which  it  exposes,  compared  with  kam 
weight.  The  heat  from  the  oxidation  of  the  super6cial  [lat^H 
cles  of  the  compact  metal^  boweveri  is  not  accumulated,  l|^| 
carried  off  and  dissipated  by  the  conducting  power  of  th-  ' 
tiguous  particles,  so  that  elevation  of  temperature  is  etie<  i 
repressed.  It  thus  appears  that  the  state  of  aggregfttaon  of  a  j 
solid  may  oppose  an  insuperable  bar  to  the  action  of  a  verf  I 
powerful  affinity.  I 

The  affinity  of  two  bodies,  one  or  both  of  which  are  in  the  | 
state  of  gas,  is  often  promoted  in  an  extraordinary  mariTi  -  ^ ' 
the  contact  of  certain  solid  bodies*     Thus  oxygen  and  hyi ; 
gases  may  be  mixed  and  retained  for  any  length  of  time  in  that 
state  without  exJiibiting  any  affinity  for  each  other,  and  tli« 
gaseous  mixture  may,  indeed,  be  heated  in  a  glass  vessel  to 
any  temperature  short  of  redness  iidthout  showing  any  disposi- 
tion to  combine.     But  if  a  clean  plate  of  platinum  be  introduced 
into  the  cold  mixture,  the  gases  in  contact  with  the  metallic  aur- 
fiioe  instantly  unite  and  form  water ;  other  portions  of  tlie  mix- 
ture come  tliea  in  contact  with  the  platinum  and  combine  succes- 
sively under  its  influence,  so  that  a  large  quantity  of  the  gaseous 
mixture   may  be    quickly   united.     The   temperature  of  the 
platinum  also  rises  from  the  heat  evolved  by  the  combination 
occurring  at  its  surface^  and  the  infiuence  of  the  metal  lOr 
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ereaadng   i»ith  its    temperature,    combination   proceeds  at  an 
Moderated  rate,  till  the  platinum  becoming  red  hot,  may  cause 
the  oombinaCion  to  extend  to  a  distance  from  it,  by  kindling 
fiiie  gaseous   mixture.      Platinum   acts  in   this    manner  vnth 
gfoatest  energy  when  in  a  highly  divided  state,  as  in  the  form 
of  spongy  platinum^  ownng  to  the  greater  surface  exposed  and 
tke  rapidity  with  which  it  is  heated.    The  metal  itself  contri- 
no  element  to  the  water  formed^  and  is  in  no  respect 
It  is  an  action  of  the  metallic  surface,  which  must  be 
perfectly  clean,  and  is  retarded  or  altogether  prevented  by  the 
presence  of  oily  vapours  and  many  other  combustible  gases, 
whidi  aoU  the  metallic  surface.     Mr*  Faraday  is  disposed  to 
nier  the  action  to  an  adhesive  attraction  of  the  gases  for  the 
metal,  under  the  influence  of  which  they  are  condensed  and 
their  particles  approximated  uithin  Uie  sphere  of  their  mutual 
■ttractiun,  so  as  to  coml>ine.     This  opmion  is  favoured  by  the 
cbciinistance  that  the  property  is   not  peculiar   to  platinum, 
bot  appears  also  in  other  metals,  in  charcoal,  pounded  glass, 
and   all  other  sohd  bodies ;   although  all  of  them,  except  the 
metals,  act  only  when  their  temperature  is  above  the  boiling 
point  of  mercury*     But  on  the  other  hand,  at   low  tempera- 
tarea,   the  property  appears  to  be  confined  to  a  few  metals  only 
vfaich  resemble  platinum  in  their  chemical  characters,  namely 
in  having  little  or  no  disposition  to  combine  ^^th  oxygen  gas^ 
■ad   in  not  undergoing  oxidation  in  the  air.     The  action  of 
filatmam  may,  therefore,  be  connected  with  its  chemical  pro- 
pettiea^  although  in  a  way  which  is  quite  unknown  to  us.     The 
auDe  metal  disposes  carbonic  oxide  gas  to  combine  with  oxygen, 
bal  much  more  slowly  than  hydrogen ;  and  it  is  remarkaWe 
that  if  the  most  minute  quantity  of  carbonic  oxide  be  mixed 
aith  hydrogen,  the  oxidation  of  the  latter  under  tlie  influence 
rf  the  plaUjium  is  arrested,  and  not  resumed  till  after  the  car- 
bonic oxide  has  been   slowly  oxidated  and  consumed,  which 
dkos  takes  the  precedence  of  the  hydrogen  in  combining  with 
aiygen*     This  extraordinary  interference  of  a  minute  quantity 
of  carbonic  oxide  gas,  which  cannot  from  its  nature  be  supposed 
to  aotl   the  surface  of  the  platinum  hke  a  liquefiable  vapour, 
ieema  to  point  to  a  chemical,  perhaps  to  an  electrical  explana- 
tion of  the  action  of  the  platinum,  rather  than  to  the  adhesive 
attiactiou  of  the  metal.     The  oxidation  of  alcohol  at  the  tern- 
peralun;  of  tlie  air,  and  also  at  a  low  red  heat,  is  promoted  in 
tbe  ame  manner  by  contact  i^ith  platinum. 
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Order  ofiiffinity. 


of  different  degrees  of  intensity. 


The  affinity  between  bodies  appears  to  be 
Leadj  for  instance^  has  cer- 

tninly  a  greater  affinity  than  silver  for  oxygen,  the  oxide  of  the 
kttcr  being  easily  decomposed  when  heated  to  redness,  while 
the  oxide  of  the  former  may  be  exposed  to  the  most  intense 
heat  without  hising  a  particle  of  oxygen.     Again,  it  may  be  in- 

i^ferred  that  potassium  has  a  still  greater  affinity  for  oxygen  than 
lead  possesses,  as  we  find  the  oxide  of  lead  easily  reduced  to  the 
metallic  state  when  heated  in  contact  with  charcoal,  while  fK>- 
tash  is  decomposed  in  the  same  manner  with  great  difficidty. 
But  the  order  of  affinity  is  often  more  strikingly  exhibited  in 
the  decomposition  of  a  compound  by  another  body.  Tlvus 
sulphuretted  hydrogen  gas  is  dc<!oraposed  by  iodine,  w*hieb 
combines  with  the  hydrogen  forming  hydriodic  acid,  and  Ubc» 
rates  sulphur.  The  affinity  of  iodine  for  hydrogen  is,  therefore, 
greater  than  that  of  sulphur  for  the  same  body*  But  hydriodic 
acid  is  deprived  of  its  hydrogen  by  bromine,  and  hydrobroraic 

!  acid  ia  formed;  and  tliis  last  is  decomposed  in  its  turn  by 
chlorine,  and  hydrochloric  acid  produced.  It  thus  appear* 
that  the  order  of  the  affiTiity  of  the  elements  mentioned  f(tr 
hydrogen  is,  chlorine,  iodine,  bromine,  sulphur.  The  order  of 
decompositions,  in  the  precipitation  of  metals  by  each  other 
from  tlieir  saline  solutions,  also  indicates  the  degree  of  affi* 
nity*  Thus  from  the  decomposition  of  the  nitrates  of  the 
following  metals,  the  order  of  their  affinity  for  nUric  aeHt 
and  oxygefi  may  be  inferred  to  be  as  follows :  zinc,  Icady 
copper,  mercury,  silver;  zinc  throwing  down  lead  from  the 
nitrate  of  lead,  and  all  the  other  metals  which  follow  it,  lead 
throwing  down  copper;  copper,  mercury;  and  mercury,  silver | 
while  nitrate  of  zinc  itself  is  not  affected  by  any  other  metal,  and 
nitrate  of  silver  is  decomposed  by  all  the  metals  enumerated* 
Bodies  were  first  thus  arranged  according  to  the  degree  of  tJiar 
affijiity  for  a  particular  substance,  inferred  from  the  order  of 
their  dec:>mpositions,  by  Geotfroy  and  Bergman,  and  tabl 
affinity  constructed  of  which  the  following  is  an  example,  i 
of  affinity  of  the  alkalies  and  earths  for  suiphuric  acid. 

Bnryics 
Stroiitian 

SodA 
/VucincMiiiii 
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is  capable  of  taking  sulphuric  acid  from  strontiatv 
h  and  every  other  base  which  follows  it  in  the  table,  the 
experiment  being  made  upon  sulphates  of  these  bases  dissolved 
in  water ;  while  sulphate  of  barytea  is  not  decomposed  by  any 
other  base.  Lime  separates  ammonia  and  magnesia  from  sulphuric 
acid,  but  lias  no  effect  upon  the  sulphates  of  soda,  potash,  stron- 
tian  and  barytes ;  and  in  the  same  manner  any  other  base  de- 
composes the  sulphates  of  the  bases  below  it  in  the  column, 
bat  lias  no  eflfect  upon  tliose  above  it.  Tables  of  this  kind 
when  accurately  constructed  may   convey    much  yaluable  in- 

f "-   n  of  a  practical  kind,  but  it  is  never  to  be  forgotten 

t  V  are  strictly  tables  of  the  order  of  decomposition  and 

of  the  comparative  force  or  order  of   affinity  in    one  set  of 
nmditions  oidy.     This  will  appear  by  examining  how  far  decom- 
jMj^sition  in  affected  by  accessory  circumstances  in  a  few  cases. 
Vircumstances  which  affect  the  order  of  decovrposUion,     Vola- 
ity  in  a  body    promotes  its  separation  from  others  which  are 
>re  fixed,  and   consequently  facilitates   the  decomposition  of 
compounds  into  which  the  volatile  body  enters.      Hence,  by 
the  agency  of  heat,  water   is  separated   from   hydrated  salts ; 
ammonia,    from  its  combinations   with  a  fixed  acid,   such  as 
the   phosphoric;   and  a  volatile  acid   frcm  many   of  its  salts, 
as  sulphuric  acid  from  the  sulphate  of  iron,    carbonic  acid  from 
the  carbonate  of  hme,   &c.     Ammonia   decomposes  hydrochlo- 
vite  of  morphia  at  a  low  temperature,  but  on  the  other  hand, 
morphia  decomposes  the  hydrochlorate  of  ammonia  at  the  boil- 

Bifti^  point  of  water,   and  liberates  ammonia,   owing  to  the  vola- 
ty  of  that   body,     ^fhe  fixed  acids,  such  as  the  silicic  and 
CMpboric  disengage   in  the  same  way  at  a  high  temperature 
^    acids     which     are    generally   reputed    most    powerful, 
md  by  which  silicates  and  phosphates  are  decomposed  with 
&ctUtT  at   a   low  temperature.      Many  such  cases   might   be 
adcicioed    in  which    the    order  of    decomposition   is  reversed 
iiy  a  diange  of   temperature*      The   volatility   of  one  of   its 
titueots  must,  therefore,  be  considered  an  element  of  in- 
ility  in  a  corapomkd. 
Deoomjxjsition  from  unequal  volatility  is,  of  course,  checked 
preaaEure,  and  promoted  by  its  removal  and  by  every  thing 
wbicti  favours  the  escape  of  vapour,  such  as  the  presence  of  an 
ilmofiphere  of  a  different  sort  into  wliich  the  volatile  constituent 
Ciav  t v.iptjratc.     Carbonate  of  lime  ii  decomposed  easily  at  a 
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red  beat,  provided  a  current  of  air  or  of  steam  is  possing  over 
it  wldch  may  carry  off  the  carbonic  acid  gas,  but  the  decom*- 
position  ceases  when  the  carbonate  is  surrounded  by  an 
atmosphere  of  its  own  gas;  and  the  carbonate  may  even  be 
heated  to  fusion,  in  the  lower  part  of  a  crucible,  without  de- 
composition. Here  the  occurrence  of  decomposition  depends 
entirely  upon  tiie  existence  of  a  foreign  atmosphere  into  which 
carbonic  acid  can  diffuse.  Nitrates  of  alumina  and  ])eroxide  of 
iron  in  solution,  are  decomposed  by  the  spontaneous  evapora- 
tion of  their  acid,  even  at  the  temperature  of  the  air  5  and  so  i» 
an  alkaline  bicarbonate  wiien  in  solution^  but  not  when  dry. 
A  change  in  the  composition  of  the  gaseous  atmosphere  may 
affect  the  order  of  decomposition  as  in  the  following  cases  : 

\Mien  steam  is  passed  over  iron  at  a  red  heat  a  portion 
of  it  is  decomposed,  oxide  of  iron  being  formed  and  hy- 
drogen gas  evolved-  From  this  experiment  it  might  be  in- 
ferred that  the  affinity  of  iron  for  oxygen  is  greater  than  that 
of  hydrogen.  But  let  a  stream  of  hydrogen  gas  be  conducted 
over  oxide  of  iron  at  the  very  same  temperature,  and  water 
is  formed,  while  the  oxide  of  iron  is  reduced  to  the  me- 
tallic state.  Here  the  hydrogen  appears  to  have  the  greaier 
affinity  for  oxygen.  But  the  result  is  obviously  connected 
with  the  relative  proportion  between  the  hydrogen  and  steam 
which  are  at  once  in  contact  with  the  metal  and  ita  oxide  at  si 
red  heat.  When  steam  is  in  excess,  water  is  decomposed,  bot 
when  hydrogen  is  in  excess,  oxide  of  iron  is  decomposed ;  ai 
why,  because  the  excess  of  steam  in  the  first  case  is  an  atm« 
phere  into  which  hydrogen  can  diffuse,  and  the  discngagem' 
of  that  gas  is  therefore  favoured ;  but  in  tlie  second  case  the 
atmo.«phcre  is  principally  hydrogen,  and  represses  the  evolution 
of  more  hydrogen,  but  facilitates  that  of  steara.  The  affinity 
of  iron  and  hydrogen  for  oxygen  at  the  temperature  of  the  ex- 
periment, is  so  nearly  balanced  that  the  one  affinity  prevails 
over  tlie  other,  according  as  there  is  a  proper  atmosphere  into 
which  the  gaseous  product  of  its  action  may  diffuse.  This 
affords  an  intelligible  instance  of  the  influence  of  mass  or  quan* 
tity  of  material,  in  promoting  a  chemical  change ;  the  steam  or 
the  hydrogen,  as  it  preponderates,  exerting  a  specific  inllacti 
in  the  capacity  of  a  gaseous  atmosphere. 

The  remarkable  decomposition  of  alcohol  by  sulphuric  aci 
wliich  ali'ords  ether,  is  another  similar  illuslrution  uf  J 
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IKWtioti  depending  upon  volatility,  and  aflFectod  by  changes  in 

the   nilure  of  the  atmosphere  into   which  evapamtion  takes 

place.     Alcohol  or  the  hydrate  of  ether  is  added  in  a  gradual 

manner  to  sulphuric   acid   somewhat   diluted^    and    heated  to 

$80^*     In  these  circumstanoes,    the  double  sulphate  of  ether 

and    water   h   formed  ;   water,    which    was   previously    com- 

Inncd  as  base   to  the  acid,    being    displaced    by   ether,    and 

^lEol^ed    together  with  the  water  of  the   alcohol      The  first 

«Act    of  the    reaction    therefore,    is    the    disengagement   of 

watery  vapour,    and    the  creiition  of  an    atmosphere  of  that 

^subji^tance    which  tends  to  check   its  farther  evolution.     But 

the   existence   of  such    an    atmosphere  offers    a   facility  for 

^lle    evaporation    of  ether,    which    accordingly  eacapea    from 

combination  with   tl»e  acid  and   continues  to  be  replaced  by 

nmteft  the   affinity  of  sulphuric  acid   for  water  and  for   ether 

"beiiig  nearly  equal,  till  ether  forms  such  a  proportion  of  the 

gaaeous  atmosphere  as  to  check  its  own  evolution,  and  to  fa* 

¥oar  the  evolution  of  watery  vapour*     Then  again  alcohol  is 

decomposed,   and   more  of  the  double  stdphate  of  water  and 

ether  formed  as  at  first;  the  sulphate  of  ether  of  which  comes 

tn   its   turn  to  be  decomposed  as  before,   and   ether  evolved* 

Hence,  both  ether  and  water  distil  over  in  this  process,  the 

erotation  of  one  of  these  bodies  favouring  the  separation  and 

tEsengagement  of  the  other.     In  this  description,  the  evolution 

of  water  and  ether  are  for  the  sake  of  perspicuity  supposed  to 

alternate,  but  it  is  evident  that  the  result  of  such  an  action 

wiil  be  the  simultaneous  evolution  of  the  two  vapours  in  a 

certain  constant  relation  to  each  other. 

Influence  of  ifutohilnlity.  The  great  proportion  of  chemical 
iractions  which  we  witness  are  exhibited  by  bodies  dissolved  in 
water  or  some  other  menstruum,  and  are  affected  to  a  great 
eateal  by  ilie  rekitions  of  themselves  and  tlieir  products  to  their 
•ojvent.  ITius  carbonate  of  potash  dissolved  in  water  is  decom- 
posed by  acetic  acid,  and  carbonic  acid  evolved,  the  affinity  of 
^  aoetac  acid  prevaiUng  over  tliat  of  the  carbonic  acid  for 
polaab«  But  if  a  stream  of  carbonic  acid  gas  be  sent  through 
acetate  of  potnsh  dissolved  in  alcohol,  acetic  acid  is  displaced, 
or  the  carbonic  acid  prevails,  apparently  from  the  insolubility 
of  the  carbonate  of  potash  in  alcohol*  The  insolubility  of  a 
body  appears  to  depend  upon  the  cohesive  attraction  of  iU 
pan^daa^and  such  decompositions  may  therefore  l>c  ascribed  to 
the  prevalence  of  that  force. 
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It  is  remarkable  that  compounds  are  in  general  more  easily 
fonncd  by  substitution,  than  by  the  direct  union  of  their  con- 
stituents ;  indeed  many  compounds  can  be  formed  only  in  that 
manner.  Carbonic  acid  is  not  absorbed  by  anhydrous  lime^ 
but  readily  by  the  hydrate  of  lime,  the  water  of  which  is  dis- 
placed in  the  formation  of  the  carbonate.  In  the  same  manner, 
ether,  although  a  strong  base  does  not  combine  directly  ^ith 
acids,  but  the  salts  of  ether  are  derived  from  its  hydrate  or 
alcoholi  by  the  substitution  of  an  acid  for  the  water  of  the 
alcohol.  In  all  the  cases,  likewise  in  which  hydrogen  is  evolved 
during  the  solution  of  a  metal  in  a  hydrated  acid,  a  simple  sub- 
stitution of  the  metal  for  hydrogen  occurs. 

Combination  takes  place  with  the  greatest  facility  of  all 
when  double  decomposition  can  occur.  Thus  carbonate  of  lime 
is  instantly  formed  and  precipitated,  when  carbonate  of  soda  \s 
added  to  nitrate  of  lime,  nitrate  ofsoda  being  formed  at  the  same 
time  and  remaining  in  solution. 


Before  decomposUioti. 
Carbonate  of     f  Soda. 

soda.  I  Carbonic  acid 

Kitrate  of  I  Nitric  acid. 

lime  I  Lime. 


After  decoinpoBitioQ, 

Nitrate  of  soda 


Carbonate  of  lime* 


Here  a  double  substitution  occurs,  lime  being  substituted  for 
soda  in  the  carbonate,  and  soda  for  lime  in  the  nitrate.  Such 
reactions  may  therefore  be  truly  described  as  double  substitu- 
tions as  well  as  double  decompositions.  They  are  most  com- 
monly observed  on  mixing  two  binary  compounds  or  two  salts. 
But  reactions  of  the  same  nature  may  occur  between  compounds 
of  a  higher  order,  such  as  double  salts,  and  new  compounds  be 
thus  produced,  which  cannot  be  formed  by  the  direct  union*of 
their  constituents.  Tlius  the  two  salts,  sulphate  of  zinc  and 
sulphate  of  soda,  when  simply  dissolved  together,  always  cry- 
stallize apart,  and  do  not  combine.  But  the  double  sulphate  of 
rinc  and  soda  is  formed  on  mixing  strong  solution^  of  sulphate 
of  zinc  and  bisulphateof  soda,  and  separates  by  crystallization; 
the  sulphate  of  water  with  constitutional  water  (hydrated  acid  of 
sp.  gr.  1.78)  being  produced  at  the  same  time  and  remaining  in 
solution.    The  reaction  which  occurs  may  be  thus  expressed : 

B«fore  decomposition*  After  (liTOtiiposiHon. 

HO,  so,  +  {NaO,  SO3)  \  _  /  HO,  SO3+ HO 
ZtiO,  so ,  + 1  HO)  /  ~  I  ZnO,  SO3  +  NaO,  SO, 
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in  which  the  oonstitaents  of  both  salts  before  decomposition 
inclosed  in  brackets,  are  found  to  have  exchanged  places  after 
decomposition,  without  any  other  change  in  the  original  salts.* 
The  double  sulphate  of  lime  and  soda  can  be  formed  artificially 
only  in  circumstances,  which  are  somewhat  similar.  It  is  pro- 
duced on  adding  sulphate  of  soda  to  acetate  of  lime,  the  sulphate 
of  lime,  as  it  then  precipitates,  carrying  down  sulphate  of  soda 
in  the  place  of  constitutional  water  (Liebig). 

Different  hydrates  of  the  same  body  such  as  peroxide  of  tin, 
differ  sensibly  in  properties,  and  afford  different  compounds 
with  acids,  unquestionably  because  these  compounds  are  formed 
by  substitution.  The  constant  formation  of  phosphates  con- 
taining one,  two  or  three  atoms  of  base,  on  neutralizing  the  cor- 
fesponding  hydrates  of  phosphoric  acid  with  a  fixed  base,  like- 
mt  illustrates  in  a  striking  manner  the  derivation  of  compounds, 
OQ  this  principle.  Many  insoluble  substances,  such  as  the  earth 
silica,  possess  a  larger  proportion  of  water,  when  newly  precipi- 
tated,, than  they  retain  afterwards,  and  in  that  high  state  of 
liydration  they  may  exhibit  affinities  for  certain  bodies  which 
do  not  appear  in  other  circumstances.  Hydrated  silica  dissolves 
in  water  at  the  moment  of  its  separation  from  a  caustic  alkali ; 
and  alumina  dissolves  readily  in  ammonia,  when  produced  in 
contact  with  that  substance  by  the  oxidation  of  aluminum. 
Tie  unusual  disposition  to  enter  into  combination  which  silica 
and  alumina  then  exhibit  is  generally  ascribed  to  their  being  in 
die  nascent  staiey  a  body  at  the  moment  of  its  formation  and 
liberation,  in  consequence  of  a  decomposition,  being,  it  is  sup- 
posed in  a  fiavourable  condition  to  enter  anew  into  combination. 
Bat  their  degree  of  hydration  in  the  nascent  state  may  be  the 
led  cause  of  their  superior  aptitude  to  combine. 

Double  decompositions  take  place  iinthout  the  great  evolution 
of  heat,  which  often  accompanies  the  direct  combination  of  two 
bodies,  and  with  an  apparent  facility  or  absence  of  effort,  as  if 
die  combinations  were  just  balanced  by  the  decompositions, 
I  which  occur  at  the  same  time.  It  is  perhaps  from  this  cause 
I  that  the  result  of  double  decomposition  is  so  much  affected  by 
dicumstances,  particularly  by  the  insolubility  of  one  of  the 
compounds.  For  it  is  a  general  law  to  which  there  is  no  excep- 
tion, that  two  soluble  salts  cannot  be  mixed  without  the  occur- 

*  On  water  m  •  cooititucnt  of  lulphatct,  PhiL  Mag.  3d  Kriei,  vol.  VI.  p.  417. 
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rence  of  decomposition,  if  one  of  the  products  that  may  be 
formed  is  as  insoluble  salt*  On  mixing  carbonate  of  soda  and 
nitrate  of  lime,  the  decomposition  seems  to  be  determined 
entirely  by  the  ijisolubility  of  the  carbonate  of  lime,  which 

.  precipitates.  When  sulphate  of  soda  and  nitrate  of  potash  are 
mixed,  no  visible  change  occurs,  and  it  is  doubtful  whether  thii 
salts  act  upon  each  other,  but  if  the  mixed  solution  be  concen- 
trated, decomposition  occurs  and  sulphate  of  potash  separates 
by  crystallization  owing  to  its  inferior  solubility. 

It  may  sometimes  be  proved  that  double  decomposition  occurs 
on  mixing  soluble  salts,  although  no  precipitation  supervene*. 
Thus  on  mixing  strong  solutions  of  sulphate  of  copper  and 
chloride  of  sodium,  the  colour  of  the  solution  changes  froitt 
blue  to  green,  which  indicates  the  formation  of  chloride  of 
copper,  and  consequently  that  of  sulphate  of  soda  also.  Now 
it  is  known  that  hydrochloric  acid  will  displace  sulphuric  acid 
from  the  sulphate  of  copper,  at  the  temperature  of  the  experi»« 

'  mcnt,   while   sulphuric  acid  will  on  the   other  hand   displace 

f  hydrochloric  from  chloride  of  sodium.  It  hence  appears  thai 
in  the  preceding  double  decomposition,  those  acids  and  bases 
unite  which  have  the  strongest  affinity  for  each  other,   and  the 

( tanie  thing  may  happen  on  mixing  other  salts.  But  where  the 
order  of  the  aflinities  for  each  other  of  the  acids  and  bases  is 
unknown,   the  occurrence  of  any  change  upon  mixing  salts,  or 

^  the  extent  to  which  the  change  proceeds,  is  entirely  matter  of 

f  conjecture. 

'  It  was  the  opinion  of  Berthollet,  founded  principally  upon  tlie 
phenomena  of  the  double  decompositions  of  salts,  that  decom- 
positions are  at  all  times  dependent  upon  accidental  circum- 
stances, such  as  the  volatility  or  insolubility  of  the  product,  and 
never  result  from  the  prevalence  of  certain  affinities  over  others; 
and  consequently  that  in  accounting  for  such  changes,  the  con- 
sideration of  affinity  may  be  neglected.  He  supposed  that  when 
a  portion  of  base  is  presented  at  once  to  two  acids,  it  is  divided 
equally  between  them,  or  in  the  proportion  of  the  quantities  of 
tlie  two  acids,  and  that  one  acid  can  come  to  possess  the  bist 
exclusively,  only  when  it  forms  a  volatile  or  an  insoluble  com- 
pound with  that  body,  and  thereby  withdraws  it  from  the  solutkin 
and  from  the  influence  of  the  other  acid*  His  doctrine  will  be 
most  easily  explained  by  appljing  it  to  a  particular  case,  and 
expressing  it  in  the  language  of  the  atomic  theory.    The  reaction 
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between  sitlpbttric  add  and  nitrate  of  potash  is  sup^ 
posed  to  be  as  follows.  On  mixing  eight  atoms  of  the 
mid  with  the  same  number  of  atoms  of  the  salt,  the  latter 
inmiediatelj  undergoes  partial  decomposition,  its  base  being 
eq«all]r  ■bared  between  the  two  acids  which  are  present  in 
eqtsal  qiiantities ;  and  a  state  of  statical  equilibrium  is  attained 
in  which  the  bodies  in  contact  are  : 

{a)  Four  atoms  sulphate  of  potash. 
Four  atoms  nitrate  of  potash. 
Four  atoms  sulphuric  acid. 
Four  atoms  nitric  acid* 
niCmte  of  potash,  it  is  supposed,  is   decomposed  to  the 
stated,  and  no  farther,   however  long  the  contact  is  pro- 
tradecL     But  let  the  whole  of  the  free  nitric  acid  now  be  re- 
watofwtd  bj  the  application  of  heat  to  the  mixture,  and  a  second 
{■rtitaon  of  the  potash  of  the  remaining  nitrate  of  potash  is  the 
woaequtnce ;  the  free  sulphuric  add  decomposing  the  salt  till 
the  proportion  of  the  two  acids  uncombined  in  the  mixture  is 
ag^  equal,  when  a  state  of  equilibrium  is  attained.     The  mix- 
tofe  tb^  consists  of: 

(b)  Six  atoms  sulphate  of  potash. 
Two  atoms  nitrate  of  potash. 
Two  atoms  sulphuric  acid. 
Two  atoms  nitric  add. 
On  removing  the  free  nitric  acid  as  before,  a  third  partition 
qf  the  potash  of  the  remaining  nitrate  of  potash^  between  tlie 
two  adds^  on   the  same  principle  takes    place,  of  which  the 


(c)  Seven  atoms  sulphate  of  potash. 
One  atom  nitrate  of  potash, 
One  atom  of  sulphuric  acid. 
One  atom  nitric  acid. 
Tht  proportion  a£  the  two  adds^  free,  being  always  the  same. 
The  fepenled  application  of  heat,  by  removing  the  free  nitric 
woAp  wiU   cause   the  sulphuric  to   be  again    in   excess,  which 
wSi  necessitate  a  new  partition  of  the  potash  of  the  i-emaining 
ritrate  of  potash,  tUl  at  last  the  entire  separation  of  the  nitric 
sod  will  be  effected,  and  the  fixed  product  of  the  decoraposi- 
abe: 

(iQ  £ight  atoms  sulphate  of  potash* 
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Here  tihe  affinity  of  tihe  sulphuric  and  nitric  acids,  for  potadi 
is  supposed  to  be  equal ;  and  the  complete  decomposition  of 
the  nitrate  of  potash  by  the  former  acid  which  takes  place,  is. 
ascribed  to  the  volatility  of  the  latter  acid,  which,  by  ooc»- 
sioning  its  removal  in  proportioh  as  it  is  liberated,  causes  tlM 
fixed  sulphuric  acid  to  be  ever  in  excess. 

Complete  decompositions  in  which  the  precipitation  of  aa' 
insoluble  substance  occurs,  were  explained  by  BerthoUct  im 
the  same  manner.  On  adding  a  portion  of  barytes  to  solphaftfr 
of  soda,  the  barytes  decomposes  the  salt,  and  acquires  sul- 
phuric acid,  till  that  acid  is  divided  between  the  two  bases  ia 
the  proportion  in  which  they  are  present,  and,  at  this  Jfoit^ 
decomposition  would  cease,  were  it  not  that  the  whole  sulphite 
of  barytes  formed,  is  removed  by  precipitation*  But  a  tM^ 
formation  of  that  salt  is  the  necessary  consequence  of  tM? 
equable  partition  of  the  acid  between  the  two  bases  in  oontMfr 
with  it,  which  is  the  condition  of  equilibrium;  and  the  iieV> 
product  precipitating,  more  and  more  of  it  is  formed,  till  tlw 
sulphate  of  soda  is  entirely  decomposed,  and  its  sulphuric  adi 
removed  by  an  equivalent  of  barytes. 

According  to  these  views  of  BerthoUet,  no  decompositioa 
should  be  complete,  unless  the  product  be  volatile  or  insoluble^    -" 
as  in  the  cases  instanced.     But  such  a  conclusion  is  not  con-    ^ 
sistent  with  observation,  as  it  can  be  shewn  that  a  body  may 
be  separated  completely  from  a  compound,  and  supplanted  by 
another  body,  although  none  of  the  products  is  removed  by-    ; 
the  operation  of  either  of  the  causes  specified,  but  all  continof    ^ 
in  solution  and  in  contact  with  each  other.     Thus  the  salt  honiM,  || 
which  is  a  borate  of  soda,  is  entirely  decomposed  by  the  addle 
tion  to  its  solution  of  a  quantity  of  sulphuric  acid,  not  more  thaa   .; 
equivalent  to    its    soda,  although    the    liberated  boracic   acid 
remains    in  solution  ;  for  the    liquid    imparts  to    bhie  litrnvi 
paper  a  purple  or  wine-red  tint,  which  indicates  firee  bonds 
acid,  and  not  that  characteristic  red  tint,  resembling  the  red  of 
the  skin  of  the  onion,  which  would  inevitably    be  produced 
by  the  most  minute  quantity  of  the  stronger  acid,  if  free.    But 
if  the  borax  were  only  decomposed  in  part  in  these  circniii* 
stances,  and  its  soda  equally  divided  between  the  two  acida» 
then  free  sulphuric,  as  well  as  boracic  acid,  should  be  found 
in  the  solution.    The  complete  decomposition  of  the  salt  can 
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be  aooDiinted  for  in  no  way  but  by  ascribing  it  to  the  higher 
wtbAtf  of  sulpharic  acid  for  soda^  than  that  of  boracic  acid  for 
Ibe  iame  base. 

According  to  the  same  views,  on  mixing  together  two 
BflliUal  salts  containing  different  acids  and  bases^  and  which 
do  not  precipitate  each  other,  each  acid  should  combine  with 
both  bases,  so  as  to  occasion  the  formation  of  four  salts. 
Agim»   foar    satts,    of    which    the    acids    and    bases    are    all 

tr,  should  react  upon  each  other  in  such  a  way  as  to 
lace  sixteen  salts,  each  acid  acquiring  a  portion  of  the  four 

and  certain  acids  and  bases,  dissolved  together  in  certain 
fvoportionfl,  could  have  but  one  arrangement  in  which  they 
would  remain  in  eqiiiUbrio.  Hence  the  salts  in  a  mineral  water 
woidd  be  ascertained  by  determining  the  acids  and  bases  pre^ 
•Bt,  and  supposing  all  the  ba^es  proportionally  divided  among 
Iko  adida.  But  this  conclusion  is  inconsistent  witli  a  fact 
oiMcrrrd  in  the  preparation  of  factitious  mineral  waters,  name- 
ly, thai  their  taste  depends  not  only  on  the  nature  of  the  salts, 
iwt  alao  upon  the  order  in  which  they  are  added,  (Dr.  Struve 
flf  Dresden,)  Before  we  can  determine  how  the  acids  and 
hfeiea  are  arranged  in  a  mineral  water,  or  what  salts  it  contains, 
it  tOKf  therefore  be  necessary  to  know  the  history  of  its  forma- 
6qii.  Instead  of  supposing  the  bases  equally  distributed  among 
liie  acids  in  mixed  saline  solutions,  it  is  now  more  generally 
■WUHii"id  liiatthe  strongest  base  may  be  exclusively  in  possession 
of  the  strongest  acid,  and  the  weaker  bases  be  united  with  the 
Maker  adds,  a  mode  of  viewing  their  composition  which  agrees 
lafc  with  the  medical  qualities  of  mineral  waters.  It  thus 
afipearH  that  the  doctrines  of  Berthollet,  by  which  the  result- 
ing octtofis  between  bodies  in  contact  are  made  to  depend  upon 
their  relatiTe  quantities  or  masses  and  the  physical  properties  of 
tfce  products  of  their  combination,  to  the  entire  exclusion  of  the 

of  proper  afiSnities    between   the   bodies     in    contact, 

be  admitted  as  a  true  representation  of  the  actual 
pkenomeaa  of  combination « 

CATALYSIS*  OR  DECOMPOSITION  BY  CONTACT. 

An  interesting  class  of  decompositions  has  of  late  attracted 
ocumderabie  attentioui  which,  as  they  cannot  be  accounted  lor 
m  tbe  ordinary  laws  of  chemical  affinity,  have  been  referred 
bjr  Beraekraa  to  a  new  power,  or  rather  new  form  of  the  force 
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of  chemical  affinity,  which  he  has  distinguished  as  the  Cai^^' 
lytic  force^  and  the  effect  of  its  action  as   Catalysis  (from  Korm, 
downwards,  and  \vw^  I  unloosen).     A  body  in  which  this  power 
resides,  resolves  others  into  new  compounds,  merely  by  oon- 
tact  with  them,  or  by  an  action  of  presence,  as  it  has  been 
termed,   without  gaining  or  losing  anything  itself.     Thus  aa 
acid  converts  a  solution  of  starch  (at  a  certain  temperatnie)^ 
first  into  gum,  and  then  into  sugar  of  grapes,   although  no 
combination  takes  place  between  the  elements  of  the  add,  and 
those  of  the  starch,  the  acid  being  found  free  and  imdiminishod 
in  quantity,  after  effecting  the  change.     The  same  mutatioBi 
are  produced  in  a  more  remarkable  manner  by  the  presenol 
of  a  minute  quantity  of  a  vegetable  principle  diastase^  allied 
in  its  general  properties  to  gluten,  which  appears  in  the  gCfr 
mination  of  barley  and  other  seeds,  and  converts  their  steidl 
into  sugar  and  gum,  which  being  soluble,  form  the  si^  dMi 
rises  into  the  germ,  and  nourishes  the  plant.     This  exemple 
of  the  action  of  a  catalytic  power  in  an  organic  secretion  ii 
probably  not  the  only  one  in  the  animal  and  vegetable  king^ 
doms,  for  it  is  not  unlikely  that  it  is  by  the  action  of  sudi  i 
force  that  very  different   substances   are   obtained  firom  the 
same  crude   material  by    different  organs.      In  animals  thil 
crude  material,  which  is  the  blood,  flows  in  the  uninterruptei 
vessels,  and  gives  rise  to  all  the  different  secretions  ;  sudi  ei 
milk,  bile,  urine,   &c.    without    the   presence    of  any   foreigo 
body  which  could  form  new  combinations.      A  beautiful  in* 
stance  of  an  action  of  catalysis  has  been  traced  by  Liebig  and 
Wohler  in   the   chemical   changes    which    the    bitter  almond 
exhibits.     The  application  of  heat  and  water  to  the  almoodf 
by  giving    solubility  to  its  emulsin  or  albuminous  principle 
enables  it  to  act  upon  an  associated  principle,  amygdalin,  d 
a    neutral  character,    which    then   furnishes  bodies    so  unlike 
itself  as  the  volatile  oil  of  almonds,  and  the  hydrocyanic,  onlio 
and  formic  acids.      The  action  of  yeast  in  fermentation  is  t 
more  familiar  illustration  of  a   similar  power.     The  presence 
of  that  substance,  although  insoluble,  is  sufficient  to  cause  the 
resolution  of  sugar  into  carbonic  acid  gas  and  alcohol,  a  do* 
composition  which  can  be  effected  by  no  other  known 
Changes  of  this  kind,  although  most  frequent  in  organic  < 
pounds,  are  not  confined  to  them.     The  peroxide  of  hydrogSBi 
discovered  by  Thenard,  is  a  body  of  which  the  elements  an 


TNDOCTIVE  AFFINrn-. 


197 


I 


beld  together  by  a  very  slight  affinity.  It  is  not  decomposed 
by  addsy  but  alkalies  give  its  elements  a  tendency  to  separate, 
alcnr  eiienrescence  occurring  with  the  disengagement  of  oxygen, 
mad  water  being  formed.  Nor  do  soluble  substances  alone  pro- 
duee  tliis  effect;  other  organic  and  inorganic  bodies,  also, 
such  as  manganese,  silver,  platinum,  gold,  fibrin,  &c.  which 
are  perfectly  insoluble,  exert  a  similar  power.  The  decompo- 
flition,  in  these  instances,  takes  place  by  the  mere  presence 
of  tbc  foreign  body,  and  ^'ithout  the  smallest  quantity  of  it 
dttermg  into  the  new  compound,  for  the  most  minute  researches 
twve  fiuled  in  discovering  the  slightest  alteration  in  the  tbreign 
body  Itself.  The  hquid  persulphuret  of  hydrogen,  and  a  solu- 
of  the  nitrosulphate  of  ammonia  of  Pelouze  are  decoin- 
tn  the  same  way,  and  by  contact  of  nearly  all  the 
ancea  which  act  upon  peroxide  of  hydrogen*  One 
ittmrk&ble  difference  indeed  is  observ^able,  namely  that  alkalies 
ipi|Hit  stability  to  nitrosulphate  of  ammonia,  wliiie  acids  de- 
eompose  it,  or  the  reverse  of  what  happens  with  both  the  pe- 
roxide and  persulphuret  of  hydrogen  * 

The  phenomena  referred  to  catalysis  are  of  a  recondite  nature 
cod  tnuch  in  need  of  elucidation.  The  iniluence  of  platinum, 
inrmerly  noticed,  in  disposing  hydrogen  and  oxygen  to  unite, 
b  probably  connected  with  the  catalytic  power  of  the  same 
metal,  but  is  at  present  equally  inexplicable.  It  would  be 
imiihUosophical  to  rest  satistied  by  referring  such  phenomena 
III  m  Jbroe,  of  the  existence  of  which  we  have  no  evidence.  The 
doctrine  of  catalysis  must  be  viewed  in  no  other  light  than 
■s  a  convenient  fiction,  by  which  we  are  enabled  to  class 
ta|ether  a  number  of  decompositions  not  provided  for  in  the 
tiieciry  of  chemical  affinity  as  at  present  understood^  but  which, 
il  is  Co  be  expected,  will  receive  their  explanation  from  new 
ligations.  It  is  a  provisional  bypothe^is,  hke  the  doctrine 
[ucri^ni.  fuf  which  the  occasion  will  cease  as  the  science 

INDUCTIVE  AFFINrrY. 

When  a  |date  of  sine  is  plunged  into  hydrochloric  acid,  a 

leal  diange  of  a  simple  nature  ensues,  the  metal   dissolves 

2    with    Uie    chlorine   of  the   acid    and  displacing   its 

the  gas-bubbles  of  which  form  upon  the  xinc  plate, 

e,  detach  themselves,  and  rise  throuy;h  the  liquor 

w  iiM  »uriaue,     Tlie  solution    of  sine,    when  effected    by   its 

*  I'fcul,  Mag.  lira  S«ri€»,  vol,  10,  p.  48?). 
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substitution  for  hydrogen,  as  in  this  experiment,  is  attended 
by  a  train  of  extraordinary  phenomena,  which  become  appaiCBt 
when  a  second  metal,  such  as  copper,  silver,  or  platinum  is 
placed  in  the  same  acid  fluid,  and  allowed  to  touch  the  bbo^ 
the  second  metal  being  one  upon  which  the  fluid  exerts  no  sol- 
Tent  action,  or  a  less  action  than  upon  zinc 

p  The  zinc  plate  being  connected  by  a  mar 

tallic  wire  with  a  copper  plate,  as  reft^ 
sented  in  the  figure,  and  both  dipped  to* 
gether  in  the  hydrochloric  add,  the  bob 
sine  M_ — 11  copper  only  is  acted  upon,  and  dissolves  as  rapidly 
as  before;  but  much  of  the  hydrogen  gm 
now  appears  upon,  and  is  discharged  fiotf 
the  surface  of  the  copper  plate,  and  not  firosi 
the  zinc.  The  hydrogen,  being  produced  bf 
the  solution  of  the  zinc,  thus  appears  ts 
travel  through  the  liquid  from  that  metd  ts 
no  current  or  movement  in  the  liquid  is 


But 


the  copper. 

perceptible,  nor  any  phenomenon  whatever  to  indicate  d« 
actual  passage  of  matter  through  the  liquid  in  that  directioo. 
The  transference  of  the  hydrogen  must  take  place  by  the  pro- 
pagation of  a  decomposition  through  a  chain  of  particles  of 
hydrochloric  acid  extending  from  the  zinc  to  the  copper,  sod 
may  be  conceived  by  the  diagram   on  the  margin,  in  wliA 

each  pair  of  associated  ctrcbi 
marked  cl  and  h  represeoti  i 
particle  of  hydrochloric  aad> 
The  chlorine  cl  of  particle  1  in 
contact  with  the  zinc  combining 


Fig. 


with  that  metal,  its  hydrogen 
h  combines,  the  moment  it  if 
set  free,  with  the  chlorine  of 
particle  2,  as  indicated  by  tfat 
connecting  bracket  below,  and  liberates  the  hydrogen  of 
that  particle,  which  hydrogen  forthwith  combines  with  the 
chlorine  of  particle  3,  and  so  on  through  a  series  of  particks 
of  any  extent  till  the  decomposition  reaches  the  copper  plat% 
when  the  last  liberated  atom  of  hydrogen  (that  of  particle  3  in 
the  diagram)  not  having  hydrochloric  acid  to  act  upon,  is  evblfed 
and  rises  as  gas  in  contact  with  the  copper  plate. 

It  is  to  be  observed  that  this  succession  of  decompositioiis 
and  recombinations  leading  to  the  discharge  of  the  hydrogen  at 
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Fig.  3. 


the  copper,  does  not  occur  at  ail  unlemi  that  plate  be  in  me- 
tiDic  connexion  with  the  zinc,  by  means  of  a  wire  as  in  the 
figure,  or  by  the  plates  themselves  touching  without  or  within 
ti»  acid  fluid.  This  would  seem  to  indicate  that  while  the 
decomposition  travels  from  the  zinc  to  the  copper  through  the 
add,  some  force  or  influence  is  propagated  at  the  same  time 
dmragh  the  wire,  from  the  copper  back  again  to  the  zinc. 
Tfait  something  does  pass  through  the  wire  in  these  circum- 
itiDces  is  proved  by  its  being  heated,  and  by  its  temporary  aa- 
mnption  of  certain  electrical  and  magnetic  properties.  Whether 
nylhing  material  does  pass,  or  it  is  merely  a  vibration  or 
vibratory  impulse,  or  a  certain  induced  condition  that  is  pro- 
pigited  through  the  molecules  of  the  wire,  of  which  the  elec- 
tiiod  appearances  are  the  effects,  cannot  be  determined  with 
eertiinty.  But  a  power  to  effect  decomposition,  the  same  in 
land  as  that  occurring  in  the  acid  jar,  and  wiiich  acts  in  the 
nme  sense  or  direction,  is  propagated  tlirough  the  wire,  and 
ippears  to  be  fundamental  to  all  the  other  phenomena. 

Let  the  wire,    supposed  to  be 
of  platinum,  connecting  the   zinc 
and   copper   plates,  be  divided  in 
the  middle,  and  tlie  extremities  A 
and  B  of  the  portions  attached  to 
the  copper  and  zinc  plates  respec- 
tively be  flattened  into  small  plates, 
and  then  dipi)cd  at  a  little  distance 
from  each  otiicr  in  a  second  vessel 
containing  hydriodic  acid.     Iodine 
will   soon  appear  at  A,  although 
that  element  is  incapable  of  com- 
Ittiiiig  with  the  substance  of  the  platinum,  and  hydrogen  gas  will 
ippesr  at  B.     If  the  connecting  wire  and  the  small  plates  A  and 
B  were  of  zinc  or  of  copper,  the  hydriodic  acid  would  he  decom- 
posed precisely  in  the  same  manner,  but  the  iodine  as  it  reached  A 
would  unite  with  the  metal  and  form  an  iodide.  Supposing  a  de- 
composing force  to  have  originated  in  the  zinc  plate,  and  to  have 
diculated  through  the  hydrochloric  acid  in  the  jar  to  the  copper 
plate,  and  onwards  through  the  wires  and  the  hydriodic  acid 
back  to  the  zinc,  as  indicated  by  the  direction  of  the  arrows, 
then  the  hydrogen  of  the  hydriodic  acid  has  followed  the  same 
couxse,  and  bc^n  discharged  against  the  metallic  surface  to 
wbidi  the  arrow  points* 
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The  solution  of  the  zinc  in  hydrochloric  acid  which  dcTtN 
lopes  these  powers^  acting  at  a  distance,  is  not  itself  impeded, 
but  on  the  contrary,  is  promoted  by  exerting  iiuch  an  influetioe. 
For  placed  alone  in  the  acid,  that  metal  scarcely  dissolves  at 
all,  if  pure  and  uncontaminated  with  other  metals,  or  if  its 
surface  has  been  silvered  with  mercury,  but  it  dissolves  with 
rapidity  when  a  copper  plate  is  associated  with  it  in  the  samt 
jar,  in  die  manner  described.  Hence  the  decomposing  power 
which  appears  between  A  and  B,  cannot  be  viewed  as  actual^ 
a  portion  of  that  which  causes  the  solution  of  the  ssinc  in  tli« 
hydrochloric  acid,  for  that  force  has  suffered  no  diminntkiii  in 
its  own  proper  sphere  of  action. 

This  combination  of  metals  and  fluids  is  known  as  the 
voltaic  circle. 

To  eJiplain  the  phenomena  of  the  voltaic  circle,  the 
tence  of  a  substantial  principle,  the  electric  fluid,  haa  been 
assumed,  of  such  a  nature  that  it  is  readily  communicable  ta 
matter,  and  capable  of  circulating  through  the  voltaic  arrange- 
ment, carrying  with  it  peculiar  attractive  and  repulsive  forces 
which  occasion  the  decompositions  observed.  A  vehicle  was  tlmii 
created  for  the  chemical  aflinity  which  is  found  to  circulate.  Bui 
it  is  generally  allowed  that  tliis  form  of  the  electrical  hypothesia 
has  not  received  support  from  observations  of  a  recent  date« 
particularly  from  the  great  discoveries  of  Mr,  Faraday,  which 
have  completely  altered  the  aspect  of  this  department  of 
science,  and  sugcrest  a  very  diff'erent  interpretation  of  tlie  phe* 
nomena-  All  electrical  phenomena  whatever  are  found  to 
involve  the  presence  of  matter,  or  there  is  no  evidence  of  tlie 
independent  existence  of  electricity  apart  from  matter,  so  that 
these  phenomena  may  really  be  exhibitions  of  the  inherent  pro- 
perties of  matter.  The  idea  of  an)i:hing  like  a  circulatian  of 
electricity  through  the  voltaic  circle  appears  to  be  abandoned. 
Electrical  induction,  by  which  certain  forces  are  propagated  lo 
a  distance,  is  found  to  be  always  an  action  of  conti|^ious  jmr- 
tides  upon  each  other,  in  which  it  is  unnecessary  to  suppose 
that  anything  passes  from  particle  to  particle,  or  is  taken  from 
one  particle  and  added  to  another.  The  change  wluch  a  par- 
tide  undergoes,  takes  place  within  itself,  and  it  is  looked  upon 
as  a  temporary  development  of  diflferent  powers  in  diflTercnt 
points  of  the  same  partidc.  The  doctrine  of  polarit)^  has  tlvus  come 
to  be  introduced  into  the  discussion  of  electrical  phenomena.* 
•  For  Mr.  F4rad«y*i  more  recent  views,  the  Ekreotli  and  stibiequeDl  lerit*  tf 
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One  reason  for  retaining  the  theory  of  an  electric  flaid  or 
floids,  is  Aat  it  affords  the  means  of  expressing  in  distinct 
tawM  those  strictly  physical  laws,  which  arc  reputed  electrical ; 
fend  for  many  purposes  such  an  bypothesU  is  unquestionably 
imefiil,  if  not  absolutely  nccessaiy ;  but  it  has  nothing  to  re- 
OQiiiroend  it  in  the  description  of  the  chemical  phenomena  of 
Ae  voltaic  circle.  These  admit  of  a  perfectly  intelligible 
tftttement,  when  viewed  as  an  exhibition  of  ordinary  chcmi- 
ol  affinity,  acting  in  particular  circumstances,  without  any 
riectiical  hypothesis.  It  is  often  said  that  chemical  affi- 
nity acts  only  at  insensible  distances,  and  this  may  be  true 
of  its  direct  action,  but  is  not  inconsistent  with  its  exerting  an 
hAMmce^t  a  distance,  like  many  other  force^i,  by  an  inductive 
agency,  a  mode  of  action  which  requires  careful  consideration. 

Mi^neiical  polarity. — The  ideas  of  induction  and  polarity, 
wliich  now  play  so  important  a  part  in  physical  theories,  were 
originally  suggested  by  the  phenomena  of  magfietism^  which 
sUU  afford  the  best  illustrations  of  them.  A  bar  magnet  ex- 
UUta  attractive  power  which  is  not  possessed  in  an  equal 
digree  by  every  particle  composing  the  bar,  but  is  chiefly 
boalisad  in  two  points  at  or  near  its  extremities.  The  powers, 
too,  residing  at  these  |)oints  are  not  one  and  the  same,  or 
flttukr,  but  different,  indeed  contrary  in  their  nature  j  and  are 
£Riin4rui!ihed  by  the  different  names  of  Boreal  magnetism  and 
r:il  magnetism*  The  opposition  in  the  mode  of  action  of 
ihem  powers  is  so  perfect,  that  they  completely  negative  or 
Atotniize  each  other  when  residing  in  the  same  particle  of 
laitt^r  in  equal  quantity  or  degree,  as  they  are  supposed  really 

>  nist  in  iron  before  it  is  raagneti^scd :  and  they  only  signalize 

it  pre^ncc  when  displaced  and  separated  to  a  distance  from 
Other,  as  they  are  in  a  magnet.    A  body  possessing   any 
ling  in  it,  which  are  not  general,  but  local, 
-      e^  but  opposite,  is  said   (in  the  most  general 
icoBe)  ta  possess  polarity. 

In  the  *'  fism,  it  is  found  necessary  to   con- 

I  a  fHT  ^      :/d  of  minute,  indi^Hsible   particles   or 

in  ihc  Pltik»*ophkftl  Tmnsuctioiw  f-or  1836,  and  the  following 
r  tKUtrtiii  kj.  He  liM  lately  fi»vourcd  the  scicuUfic  wt»rld  with  » 
»y,,v^  ^  ,^  whole  wrifa:  Faraday's  experimenter  Reseftrcbe*  in  Electricity, 
L  BUdJ,  E.  Tsyltir,  U»oilon,  !H,^9.  The  lubject  i»  also  »y»tifmaliciilly  treated 
bj  fwwlhm^w  0«»i«U  iu  hia  recent  work,  Kn  Introduction  to  Ibe  Study  of  Chemi* 
111 riliittoyb/,  which  tniiy  beconsuUed  with  admntHge. 
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fUameTits  of  iron,  each  of  which  has  individually  the  properties 
of  a  separate  magnet.  The  displacement  or  separation  of  Ibe 
two  attractive  powers  takes  place  only  within  these  small  p«r- 
ticlesy  which  are  called  the  magnetic  elements,  and  must  be 
supposed  so  minute,  that  they  may  be  the  ultimate  particles  or 
atoms  themselves  of  the  iron.     A  magnetic  bar  may  tlierefure 

be  represented  (as  ia 
^  **  the  figure)  as  composed 
of  minute  portions,  the 
§  right  hand  extremities  of 
each  of  wVrich  possess  one 
species  of  magnetism,  and  tlie  left  hand  extremities  the  other. 
The  shaded  ends  being  supposed  to  possess  boreal,  and  the  Ught 
ends  austral  magnetism,  then  the  ends  of  the  bar  itself,  of  which 
these  sides  of  the  elementary  magnets  form  the  faces,  possess  r^ 
spectively  boreal  and  austral  magnetism,  and  are  the  boreal  ami 
austral  poles  of  the  magnet.  Such,  then,  is  the  polarized  condi- 
tion of  a  bar  of  iron  possessing  magnetism,  of  which  the  attractive 
and  repulsive  powers  residing  at  the  extremities  are  the  results. 
Of  the  existence  of  such  a  structure,  the  breaking  of  a  magnet 
into  two  or  more  parts  afiords  a  proof,  for  it  forms  as  manjr 
complete  magnets  as  there  are  parts,  new  poles  appearing  at  all 
the  fractured  extremities. 

Magnetical  induction. — When  to  the  boroaL 
B  of  a  magnet  (Fig.  5,),  which  may  be  of  the 
shoe  form,  a  piece  of  soft  iron  a  A,  wholly  destit 
of  magtietic  powers,  is  presented,  a  similar  dis* 
placement  of  the  magnetic  forces  of  its 
occurs  as  in  the  magnet  itself;  or  a  A 
a  magnet  by  induction,  and  may  attract  and  ia^ 
duce  magnetism  in  a  second  bar  a*  1/ ;  both  of 
which  continue  magnetic  so  long  as  the  first  r6» 


mains  in  the  same  position,  and  under  the  in* 
fluence  of  A  B.  These  induced  magnets  most 
have  the  same  polarized  molecular  structure  as 
the  original  magnet,  but  their  magnetism  is  only  temporar]^, 
and  is  immediately  lost  when  they  are  removed  Irom  the  per- 
manent magnet.  The  displacement  of  the  magnetisms  in  these 
induced  magnets  commences  at  the  extremity  a  of  a  b^  in  contai*! 
with  B,  which  extremity  has  the  opposite  magnetism  of  B,  (tlic 
different  kinds  of  magnetism  being  mutually  attractive,)  and  is  the 
austral  pole  of  a  b;  and  b  is  its  boreal  pole.     Of  a*  b%  agaiDi  the 
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ipper  extremity  a',  in  contact  with  ^',  is  the  austral,  and  the 

wet  extremity  &',  the  boreal  pole,  or  b  b'  have  the  same  kind 

magnetic  power  as  the  pole  B  of  the  original  magnet,  from 

hich  they  are  dependent.     A  third  bar  of  soft  iron  placed  at 

^  is  likewise  polarized,  and  the  series  of  induced  magnets  may 

)  still  farther  extended,  but  the  attractive  powers  developed 

the  different  members  of  the  series,  become  less  and  less 

irith  their  distance  from  the  pole  B  of  the  original  magnet. 


Fio.  6,        Fig,  7- 
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A  similar  set  of  bars  may  be  con- 
nected wnth  A  (Fig.  6.),  which  become 
temporary  magnets  also  according  to  the 
same  law,  the  lower  extremities  of  this 
set  being  austral.  On  nc*w  uniting  the 
lower  extremities  of  both  sets  by  another 
bar  of  soft  iron  a"  ^",  (Fig.  7')^  either 
set  renders  o"  A"  a  magnet,  having  its 
austral  pole  at  a'*  and  its  boreal  pole  at 
b** ;  and  acting  together,  they  commu- 
nicate a  degree  of  magnetism  to  the 
uniting  bar,  greater  than  either  set  pos- 
sessed before  they  were  united.  By  this 
also  the  inductive  actions  of  each  set  of  bars  is 
bitntght  to  bear  upon  the  other,  and  the  attractive  forces  at 
iD  their  poles  are  thereby  greatly  increased.  In  the  most  fa- 
Toonible  cx^nditions  as  to  the  size  and  connexion  of  the  tem- 
ponry  magnets,  with  relation  to  the  primary  ms^et,  the 
fivmer,  however  numerous,  should  each  acquire  powers  equal 
to  tbo9e  of  the  original  magnet.  This  general  enhancement  of 
in  the  induced  magnets,  has  been  acquired  by  cora- 
the  circle  of  them  bet\i*een  A  and  B. 
It  it  eIbo  important  to  observe,  with  a  view  to  the  future 
ilication  of  the  remark,  that  a  single  bar  of  soft  iron,  or 
'«r,  as  h  a,  (Fig.  8.),  connecting  the  poles  of  a  magnet 
A  B,  not  only  acquires  at  a  and  b  equal,  though  apposite 
Fio,  8.  powers  to  the  contiguous  poles  of  tlie  magnet,  but 
also  reacts  by  induction  on  these  poles  themselves, 
and  increases  their  magnetism.  The  original  mag- 
netic forces  of  A  and  B  are  therefore  increased, 
by  the  opportunity  to  act  inductively,  which  tlie  con- 
necting bar  affords  thern.  The  threads  of  steel 
filings  which  are  taken  up  by  a  magnet,  (see  figure 
y)    illustrate    the  inductive  action  of  magnetism. 


i 
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^'°-  '•'•  for  each  grain  of  steel 

is  a  complete  magnet. 
It  will  be  obsenred 
also  that  these  threads 
diverge  from  each 
other  5  because  while 
uriUke  poles  are  io 
contact  in  each  thread  which  attract,  like  poles  are  in  contact  of 
adjoining  threads  which  rcpeh  ThiM  repulsion  of  polar  clvains 
by  each  otfier,  there  will  be  occasion  again  to  recur  to. 

Chemical  polarHy  and  induction.  —  With  these  elementaiy 
notions  of  polarit}^  and  the  mode  of  action  of  a  force  by  induc- 
tion, we  may  return  to  the  chemical  phenomena  of  the  voltaic 
circle*  It  is  to  be  assumed  tlmt  the  zinc  and  hydrochloric  acid 
are  both  composed  of  particles,  or  molecules,  which  are  suscep- 
tible of  a  polarized  condition^  like  the  particles  of  soft  iron,  in 
which  condition^  the  opposite  ends  of  each  molecule  possess  diffe- 
rent and  contrary  attractive  powers.  Of  hydrochloric  acid,  tlic 
chemical  atom  may  be  taken  as  the  polar  molecule,  and  it  will 
therefore  consist  of  an  atom  of  chlorine  and  an  atom  of  hydrogen 
associated  together.  The  polar  molecule  of  zinc  may  be  sup; 
posedj  for  a  reason  w^hich  will  afterwards  ajpear,  to  consist  of  a 
pair  Ekew  ise  of  associated  atoms,  which,  however,  are  in  this  body. 
both  of  the  same  element.  The  powxrs  developed  in  a  polarized 
molecule  of  zinc  and  of  hydrochloric  acid  are  the  same.  One 
\  pole  of  each  molecule  has  the  attraction,  or  affinity,  wldcb  is 
characteristic  of  zinc,  or  zbicous  attraction,  and  may  be  called  the 
zincous  pole ;  while  tlie  other  has  the  attraction,  or  aftinity^ 
which  is  characteristic  of  chlorine,  or  chlorous  attraction,  and 
may  be  called  the  clilorous  pole.  Polarity  is  not  an  ordinary 
condition  of  the  particles  of  either  the  zinc  or  acid,  but  \%  deve- 
loped in  both  w^hen  brought  into  contact  with  each  other.  Such 
is  to  be  suj>posed  the  mode  in  which  chemical  alHnity  al\'. 
Zinc  and  acid  in  contuct  may  therefore  be  represein 

Fio.   lU.  10.)  by  trains  ofassociat 
Zittc. Acid.               pairs  of  atoms.  In  the  in 

f (ESIEESS3®0®®®©  '<=<^'^«  «*■  J'ydrochloric  add 

I         E         A        B         c         ^      B»  which  is  in  contact  witb 

sdnc,  the  chlorous  affinity  is  thereby  developed  on  the  side  next  ( 

zinc,  and  we  have  there  the  constituent  chlorine  atom  forming  I 

chlorous  pole,  the  fluidity  of  the  acid  allowing  its  molecule  to  t 
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that  positioii,  which  maybe  indicated  by  inscribing  ct  in  the  circle 
which  represents  the  chlorine  atom.  The  other  atom  of  the 
particle  B,  or  the  hydrogen,  comes  therefore  to  be  the  seat  of 
the  opposite,  or  zincous  pole,  and  is  marked  r.  Of  the  two 
-i  forming  the  polarizable  molecule  A  of  the  zinc,  the  ex- 
u,  .^.r  atom  which  is  in  contact  with  the  acid  has  thereby  zincous 
Ultraction  developed  in  it,  and  becomes  the  zincous  pole>  while 
tbe  interior  becomes  the  chlorous  pole,  as  indicated  in  both  by  tlie 
inscribed  letters.  This  polar  condition  of  the  zinc  and  acid 
particles  A  and  B  must  be  supposed  the  necessary  and  im- 
mediate consequence  of  their  simple  contact. 

But  each  of  these  particles  throws  a  train  of  particles  of  its 
own  land  into  a  similar  state  of  polarity;  A,  the  contiguous 
puticlea  E  and  \  of  the  zinc,  and  B  the  contiguous  particles 
C  and  D  of  the  acid.  For  cl  of  A  becoming  a  chlorous  pole, 
devdopes  near  it  an  opposite,  or  zincous  poles  in  zn  of  E, 
aod  a  chlorous  pole  in  cl^  the  more  remote  extremity  of  E; 
in  the  same  manner  as  the  austral  pole  of  a  magnet  de- 
Telopes,  by  induction,  a  boreal  and  austral  pole  in  a  piece  of 
•oft  iron  applied  to  it.  And  as  the  induced  ma«;net,  thus 
formed^  will  react  upon  a  second  piece  of  iron,  and  render  it 
also  magnetic,  so  the  polarized  particle  E,  renders  I  similarly 
polar.  The  polarized  condition  of  the  particles  C  and  D  of 
die  acid  is  produced  by  B  in  the  same  manner.  But  as 
a  series  of  induced  magnets  (Fig.  5.),  the  magnetism  ac- 
diminishes  with  the  distance  from  the  pole  of  the  original 
so  in  trains  of  chemically  polarized  molecules,  such 
A«  Ey  I  and  B,  C,  D,  the  amount  of  polarity  developed 
b  eftch  molecnle  will  diminish  with  the  distance  from  the 
iQitreefll  of  induction  A  and  B  ;  I  being  polarized  to  a  less 
degree  than  E,  and  D  than  C. 

In  the  electrical  theory  of  the  voltaic  circle^  as  modified  by 
Ut,  Faraday,  the  zinc  and  hydrochloric  acid  are  equally  sup- 
poaed  to  have  a  polarizable  molecule.  The  polarity  is  also 
detekipcd  in  these  molecules  by  their  approximation  or  contact. 
Tbe  molecule  of  hydrochloric  acid  is  supposed  to  contain  the 
positive  and  negative  electricities  which  possess  contrary 
pcnrers,  like  the  two  magnetisms ;  and  are  in  combination  and 
neutralise  each  other,  in  the  non-polar  condition  of  the  mo- 
leeole.  But  the  contact  of  zinc  causes  the  separation  of 
the  two  electricities  in  the  acid  molecule,  its  atom  of  chlorine 
next  the  zinc  becoming  negative,  and  its  atom  of  hydrogen 


I      die  acid 
^■b  a  sen 
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positive.  The  electricities  of  the  zinc  molecule  are  separated 
at  the  same  time,  the  side  of  the  molecule  next  the  acid  be- 
coming positive,  and  the  distant  side  n^ative.  The  positive 
and  negative  sides  of  the  two  different  molecules  are  thus  in 
contact,  the  different  electricities,  like  the  different  magnetisms, 
attracting  each  other.  Hence,  one  side  of  each  molecule  is  said  to 
be  positive  instead  of  zincous,  and  the  other  side  to  be  negative 
instead  of  chlorous.  Polarity  of  the  molecule  is  supposed  in 
both  views,  but  on  one  view  the  polar  forces  are  tiie  two  elec- 
tricities, on  the  other  two  chemical  affinities.  The  difference 
between  the  two  views  is  little  more  than  nominal,  for  in  both 
the  same  powers  and  properties  are  ascribed  to  tiie  acting 
forces.  The  electricities  are  supposed  to  be  the  cause  of  the 
chemical  affinities,  but  it  may  with  equal  justice  be  assumed 
that  chemical  affinities  are  the  cause  of  the  phenomena  reputed 
electrical.  One  set  of  forces  only  is  necessary  for  the  explanation 
of  the  whole  phenomena  of  combination,  and  the  question  is, 
whether  are  these  forces  electrical  or  chemical?  Shall  elec- 
tricity supersede  chemical  affinity,  or  chemical  affinity  super- 
sede electricity  ?  If  the  electricities  should  be  retained  in  dis- 
cussing the  voltaic  circle,  their  names  might  be  changed  with 
some  advantage,  the  positive  be  called  zincous  electricity,  and 
the  negative,  chlorous  electricity,  which  express  (as  will  appear 
more  clearly  afterwards),  the  nature  of  the  chemical  affinities 
with  which  these  electricities  are  invested,  and  of  which  they 
are  indeed  constituted  the  sole  depositaries.  The  propagation 
of  the  effects  to  a  distance  is  supposed  to  take  place  by  the 
polarization  of  chains  of  molecules,  on  the  electrical  as  well  as 
chemical  theory  of  the  voltaic  circle,  so  that  the  explanations 
which  follow,  although  expressed  in  the  language  of  the  chemical 
theory,  arc  the  same  in  substance  as  those  which  are  given  on 
the  electrical  theory  as  at  present  understood. 

If  the  attractions  of  the  respective  zincous  and  chlorous  poles 
of  A  and  B  which  are  in  contact,  rise  to  a  certain  point,  the 
atom  ;r  of  A  is  detached  from  the  mass  of  metal  and  combines 
with  the  atom  cl  of  B,  which  last  atom  is  disengaged  at  the 
same  time  from  its  hydrogen.  Chloride  of  zinc  is  produced  and 
dissolves  in  the  acid  liquid,  while  hydrogen  is  disengaged  and 
rises  from  the  surface  of  the  metal ;  or  we  have  the  ordinary 
circimistances  of  the  solution  of  an  isolated  mass  of  sine  in 
hydrochloric  acid. 
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When  the  zinc  is  pure,  or  its  surface  amalgamated  with 
mercory,  the  zincous  and  chlorous  attractions  of  the  touching 
pdes  df  A  and  B  are  not  sufficiently  intense  to  produce  these 
cffiectSy  and  combination  does  not  occur.     Let  a  copper  plate 

Fio.  11. 

CoaiMcUaf  wire. 


F  0  H  (Fig.  11 0?  be  then  introduced  into  the  acid,  and  con- 
nected by  a  metallic  wire  H  K  I  with  the  zinc.    The  particles 
of  the  add  assume  chlorous  and  zincous  poles  as  before,  so 
abo  do  those  of  the  zinc,  and  the  chain  of  polarized  molecules 
ii  now  continued  through  the  zinc  and  wire  to  the  copper,  the 
exterior  particle  F  of  which,  it  will  be  observed,  comes  thereby 
to  present  a  chlorous  pole  to  the  acid.    The  contiguous  par- 
tide  D  of  add  is  thus  exposed  to  a  second  induction  from  the 
dJoroos  polarity  of  the  copper,  which  increases  tiie  zincous 
polarity  of  the  side  of  D  next  F,   and,  therefore,  cooperates 
in  enhandng  the  polarized  conditions  already  assumed  by  the 
dudn  of  add  particles  extending  between  the  two  metals.     An 
endless  chain  or  circle  of  polarized  molecules  symmetrically  ar- 
ranged is  thus  formed,  such  as  exists  in  a  magnet  of  which 
the  poles  are  united  by  a  lifter,  in  which  every  particle  in  tlie 
diain  has  its  own  polar  condition  elevated  by  induction,   and 
at  the  same  time  does  itself  react  upon  and  elevate  tiie  polar 
condition  of  every  other  particle  in  the  chain.  The  result  of  this  is 
that  the  primary  attraction  of  the  zinc  atom  z  of  A,  for  the  chlo- 
rine, el  of  the  hydrochloric  acid  B  is  increased,  and  attains  that 
degree  of  intensity  at  which  the  resistance  to  the  impending  com- 
bimfttion  is  overcome,  and  the  z  and  cl  of  A  and  B  unite.     But 
in  a  ciide  of  polar  molecules,  in  which  the  condition  of  any  one 
midecule  determines  and  is  determined  by  that  of  every  other, 
the  intensity  of  the  polar  condition  is  necessarily  the  same  iii 
every  element  of  the  circle.    The  chemical  polarity,  therefore, 
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of  the  other  particles  forming  the  chain  must  increase  to  an 
equal  degree  with  A  and  B,  when  the  circle  is  completed,  and 
the  same  change  must  now  occur  in  all  of  them  that  has  oc- 
curred in  A  and  B.  The  pole  of  B  next  C  is  intensely  zinoous, 
while  that  of  C  next  B  is  intensely  chlorous,  whence  the  cfalorixie 
and  hydrogen  cl  and  z  of  these  two  particles  combine  together. 
At  the  same  time,  and  for  the  same  reason,  the  hydrogen  z 
of  C  unites  with  the  chlorine  c/  of  D;  and  so  on,  through 
a  chain  of  particles  of  hydrochloric  acid  of  any  length,  till  the 
copper  is  reached,  when  the  last  acid  particle,  D  in  the  figure, 
yields  its  hydrogen  z  to  the  chlorous  pole  of  the  copper  eL 
But  the  hydrogen,  not  being  capable  of  combining  with  the 
copper,  %8  liberated  as  gas  upon  the  surface  of  thai  metoL 

Some  internal  change  of  a  similar  character  appears  to  take 
place  in  the  chain  of  polarized  molecules  extending  through  the 
metals  themselves«-a  series  of  molecular  detachments  and  re- 
attachments,  among  the  atoms  of  their  polar  molecules,  like 
the  decompositions  and  recompositions  in  the  acid,  causing 
evolution  of  heat  and  other  phenomena,  generally  reputed  eleo- 
trical,  which  the  zinc  and  copper  plates  and  the  connectiiig 
wire  exhibit. 

The  polar  molecule  of  the  metals  has  been  assumed  to  oon- 
tain  two  atoms  (like  that  of  the  acid),  with  the  view  of 
assimilating  these  intestinal  changes  in  the  solid  to  those 
occurring  in  the  fluid  portion  of  the  voltaic  circidt,  and  also 
because  it  appears  to  account  for  the  advantage  of  amalgamalii^ 
the  zinc  surface.  In  the  amalgamated  plate,  it  is  not  zinc  itseli^ 
but  a  chemical  combination  of  mercury  and  zinc  which  is  pre* 
sented  to  the  acid,  in  which  mercury  is  the  "negative"  element^ 
and  which  might,  therefore,  be  called  a  hydrarguret  of  sino. 
That  combination  likewise  is  fluid.  It  must  constitute  th0 
polar  molecule,  which  will  then  consist  of  an  atom  of  mercmy 
as  chlorous  pole,  and  an  atom  of  zinc  as  zincous  pole,  and  not 
of  two  atoms  of  zinc.  These  metallic  molecules  are  also  Ci^ 
pable  of  movement  from  their  fluidity,  and  will,  therefonir 
place  themselves  in  forming  a  polar  chain  with  their  unlike 
poles  together,  as  the  fluid  acid  particles  arrange  themselves. 
So  that  in  an  amalgam  of  zinc,  of  which  A,  E  and  I  are  polar 
molecules  (Fig.  8.),  all  the  atoms  marked  cl  are  mercury,  and 
those  marked  z  are  zinc.  It  thus  follows  that,  when  by  con- 
tact with  an  acid  the  amalgam   is   polarized,   it  presents  a 
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face  of  zinc  only  to  the  acid.  If  the  mercury  were  exposed  to 
the  acid,  that  metal  would  completely  derange  the  result,  acting 
locally  like  a  copper  plate,  as  will  afterwards  be  explained. 
The  previous  combination  of  the  zinc  (with  mercury,)  likewise 
prevents  that  metal  from  yielding  easily  to  the  chlorine  of  hy- 
drochloric acid ;  and  the  zinc  of  the  amalgam  is,  therefore,  not 
dissolved,  till  the  affinities  are  enhanced  by  the  introduction  of 
a  copper  plate  into  the  acid,  and  the  formation  of  a  voltaic 
drdc. 

It  would  thus  appear  that  zinc,  associated  with  copper,  dis- 
solves more  readily  in  the  acid  than  when  alone,  because  the 
attraction  or  affinity  of  the  zinc,  for  chlorine  is  increased  by  the 
completion  of  a  circle  of  similarly  polarized  particles,  in  the 
same  manner  as  the  magnetic  intensity  at  one  of  the  poles  of 
a  magnet  is  increased  on  completing  the  circle  of  similarly  po- 
larized molecules,  by  connecting  that  pole  by  means  of  soft 
iron  with  the  other  pole  (Fig.  6.,  page  203). 

Although  the  terms  of  the  electrical  hypothesis  are  at  present 

avoided,    still  it  will  be  convenient  to  denominate  the  zinc, 

being    the  metal  which  dissolves  in  the   acid,   die   active   or 

potitive  metal,  and  the  copper,  which  does  not  dissolve,  the 

inactive  or  negative  metal  of  the  voltaic  circle. 

Looking  to  the  condition  of  the  two  connected  metals  in 
the  acid,  it  will  be  observed  that  the  surface  of  the  zinc  pre- 
•ented  to    the  acid  has  zincous   affinity,    or   is    zinco-polar, 
but  the  surface  of  the  copper  presented  to  the  acid  has,  on 
the  contrary,  chlorous  affinity,    or  is    chloro-polar.     Such   a 
condition  of  the  copper  is  necessary  to  the  propagation  of  the 
induction ;   and  the  advantage  of  copper  or  platinum  as  the  ne- 
gative metal  in  a  voltaic  arrangement  depends  upon  there  being 
Bttle  or  no  impediment  to  either  of  these  metals  assuming  the 
chlorous  condition,  that  can  arise  from  the  peculiar  affinity  of 
the  metals  named  for  the  chlorine  of  the  acid  ;  an  affinity  which 
tends  to  cause  them  to  be  superficially  zincous  instead  of  chlo- 
rous.    If  the  second  metal  were  zinc,  the  surface  of  it  would 
be  disposed    to  dissolve  in  the  acid,    and  bccomirig  on  that 
account  zincous,  would  induce  a  polarization  in  the  intermediate 
add,  in  an  opposite  sense,  from  that  induced  by  the  first  plate 
of  zinc ;    which  counter  polarizing  actions  would  mutually  neu- 
tralize each  other.    The  acid  between  the  two  zinc  plates  would 
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be  like  a  piece  of  iron  connecting  two  like  magnetic  poles, 
which  itself  is  not  then  polarized. 

But  if  one  of  the  two  zinc  plates  were  less  disposed  to  dis- 
solve in  the  acid  than  the  other,  from  the  physical  condition 
of  its  surface,  from  the  acid  being  weaker  there,  or  from  any 
other  cause,  then  the  plate  so  situated  might  become  negative 
to  the  other,  and  a  voltaic  circle  of  weak  power  be  establishedi 
in  which  both  metals  were  zinc. 

If  zinc  is  alone  in  the  acid,  and  every  superficial  particle  of 
the  metal  equally  disposed  dissolve,  then  the  zinc  every- 
where exposes  a  surface  in  a  state  of  zincous  polarity ;  and  an 
inductive  circle  in  the  liquid,  starting  from  one  particle  of  the 
zinc  and  returning  upon  another,  cannot  be  established,  as  thii 
requires  that  a  part  of  the  zinc  surface  be  chlorous.  But  if  the 
Fio.  12.  ^^^^  contains  on  its  surface  a  single  particle  of 
copper,  F  (Fig.  12.),  a  chlorous  pole  is  created 
upon  which  an  inductive  circle  starting  from 
an  adjoining  particle  of  zinc.  A,  and  passing 


®®  ^S^td)  through  the  liquid,  may  return  as  shewn  in  the 
^^^.^  (7)  figure.  It  is  the  formation  of  such  circles  that 
QLaS^  Jch  causes  impure  zinc,  which  is  contaminated  by 

^.^  ^  other  metals,  to  dissolve  so  much  more  quickly 

kIkL)  rx  in  an  acid  than  the  pure  metal.  Why  such 
r-^.j^f-^Cz)  circles  are  not  formed  when  the  i>ositive  metal 
sLA^C>'^^  in  combination  with  the  zinc  is  mercury,  whicb 
forms  a  fluid  alloy,  has  already  been  accounted  for ;  and  the 
nature  of  the  evil  which  might  otherwise  attend  the  amalga- 
mation of  the  zinc  is  now  evident. 

The  whole  chain  polarized  molecules  in  the  voltaic  cirde 
admits  of  a  natural  division  into  two  segments,  the  acid  or 
liquid  segment,  BCD  (Fig.  10.),  and  the  metallic  segment, 
A  K  F,  each  of  which  has  a  pair  of  poles,  the  unlike  poles 
of  the  two  segments  being  opposed  to  each  other.  The  pole  at 
B  of  the  acid  portion  is  chlorous,  and  is  opposed  to  the 
zincous  pole  at  A  of  the  metallic  segment ;  while  the  pole  of  die 
liquid  segment  at  D  is  zincous,  and  is  opposed  to  the  chlo- 
rous pole  of  the  metallic  segment  at  F.  The  distribution  of 
polarity  in  tliesc  two  segments  is,  therefore,  the  same  as  in 
two  magnets  with  their  unlike  or  attracting  poles  in  contact. 

Such,  then,  is  tlie  action  of  affinity  by  induction,  which  the 
mere  introduction  of  zinc  and  copper  in  contact  into  the  same 
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acid  liquid,  is  sofiieient  to  develope,  and  which  accounts  for 
the  dischai^  of  the  hydrogen  upon  the  surface  of  the  copper 
ID  scuji  an  arrangement,  the  remarkable  phenomenon  by  a  de- 
•cription  of  which  this  subject  was  introduced. 

It  remains  for  us  to  apply  the  same  principles  to  explain 
the  additional  phenomena  of  the  second  case  described,  in 
wUcb  the  connecting  wire,  supposed  to  be  of  platinum,  between 
llie  sine  and  copper  plates,  is  divided,  and  the  broken  ex- 
tiemities  introduced  into  hydriodic  acid  (Fig.  3,  page  1 U9.) 

Broken  at  any  point,  as  at  K,  (Fig.  12.),  it  is  evident  that 
if  the  polarised  condition  be  still  sustained,  the  portion  of  the 
netalUc  segment  connected  with  the  copper  plate  will  termi- 
Mte  with  a  zincous  pole  at  K,  and  that  connected  with  the 
line,  with  a  chlorous  pole  j  which  may  be  indicated  res|)ectively 

Fjg.  13. 


ky  K  and  L  in  Fig.  13.  When  hydriodic  acid  is  interposed 
between  K  and  L,  the  breach  is  repaired  by  the  polarization  of 
i  diain  of  particles  of  that  acid.  The  extremity  K,  being  zincous 
bdooeei  cWorous  polarity  in  the  side  of  the  hydriodic  acid  par- 
ddc  which  it  touches,  in  consequence  of  which  the  iodine  atom 
(tfce  analogue  of  chlorine)  of  the  hydriodic  acid  molecule  is 
praenled  to  that  pole,  and  liberated  there  when  decomposition 
oeeurt.  The  extremity  L  of  the  zinc  or  positive  metal  element 
M  chlorous,  and  therefore  induces  zincous  polarity  in  the 
pirtkle  of  hydriodic  acid  which  it  touches,  and  hydrogen  (the 
mlogoe  of  zinc)  is  liberated  there.  The  polarity  in  an  induced 
cifde  must  necessarily  be  of  equal  intensity  at  every  point  in 
h,  and  being  sufficient  at  A  to  cause  the  decomposition  of  the 
bydfochlnric  add,  must  also  decompose  the  hydriodic  acid 
beliveen  K  and  L,  otherwise  it  is  never  established  at  A,  nor 
any  where  else. 

In  tlie  present  arrangement,  the  voltaic  circle  is  broken  into 
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four  segments^  or  has  four  polarized  elements,  every  terminal 
pole  of  which  is  in  contact  with  a  pole  of  a  different  name; 
and  the  whole  arrangement  may  be  compared  to  a  drde  of  four 
magnets  with  the  attractive  poles  in  contact 

Fig.  14.  These   elements    an:-^ 

j^^'j^  Firsts  the  rinc  plate  or  po« 

sitive  metal,  A  L,  of  wliidb 
the  end  at  A,  in  the  hydio» 

Zinc  or  ^  ^m  O.pp«or   ^^^^C  add    (Pig.  14.),  I>» 


metal  ^H  ^M    metal      ssincouB    aflbiity,    and   the 

end   at  L.j    in  tihe   liydii- 
odic    add,     chloroiu   ifr 

Secondly,  the  body  of  hydrochloric  add,  A  F,  between  tb 
zinc  and  copper  plates,  of  which  the  surface  at  A,  in  contact 
with  the  positive  metal,  has  chlorous,  and  that  at  F  in  oontaet 
with  the  negative  metal,  zincous  affinity. 

Thirdly,  the  copper  or  negative  metal  F  K,  of  which  the  end 
at  F  in  the  hydrochloric  acid,  has  chlorous  affinity,  and  at  K,iB 
the  hydriodic  acid,  zincous  affinity. 

And  fourthly,  the  body  of  hydriodic  acid,  K  L,  between  tke 
zincous  and  chlorous  poles  of  the  negative  and  positive  metslh 
of  which  the  surface  K,  in  contact  with  the  negative  metal,  0 
chlorous,  and  the  surface  L,  in  contact  with  the  positive  metili 
zincous. 

In  every  voltaic  circle  employed  to  produce  decompontioOi 
these  four  elements  are  to  be  looked  for.  Hereafter,  in  •*• 
verting  to  any  one  of  these  elements  it  will  be  suffident  to  ocmiil' 
our  notice  to  its  terminal  polarities  or  affinities,  without  le^ 
curring  to  the  polarized  condition  of  the  element  itself,  up(* 
which  its  terminal  affinities  depend. 

COMPOUND  VOLTAIC  CIRCLE. 

In  both  the  arrangements  described  there  is  only  one  aooM 
of  polarizing  force,  namely  the  action  between  the  ano  and 
add  at  A.     But  a  circle  of  a  similar  nature  may  be  cons 
embradng  within  itself  two  or  more  of  such  primary 
of  polarizing  power,  and  the  intensity  of  the  polar  condition  of 
the  whole  circle    be  thereby  greatly  increased. 

Figure  15  represents  such  a  cirde  in   which  there  are  two 
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Fig,  15. 


zinc  plates,  both  supposed  to  be  in 


contact  with  hydrochloric  acid,  namely 
at  A  and  at  C,  and  a  copper  plate 
WiBel  attached  to  each  of  these  zincs.     The 
circle  is   made   up   of  two  pairs  of 
copper  and    zinc,  copper  and    zinc, 
with   acid    between   each  pair*     The 
polar  condition  of  such  a  circle  will 
easily  be  observed.     By  the  contact 
of  the  add  and  zinc  at  A,  a  zincous  pole  is  estabhshed  there 
M  the  first  zinc  plate,  and  a  chlorous  pole  in  the  acid,  whicli 
are  no  inscribed    in    the  diagram.       These  occasion    the  for- 
laatton  of  a  chlorous  pole  at  D  in  the  Erst  copper,  the  united 
fine  and  copper  A  D  forming  together    one  polar  element; 
aod  a  zinoous  pole  at   B   in    the   acid,  the  column   A  B    of 
add,  being   the    second    polar  element,       Tlie  further   effect 
of  Urn  induction  is  to  produce  a  chlorous  pole  at  B  in  the  se- 
cond copper,  of  which  the  corresponding  zincous  pole  is  at  C, 
ta  the  second  zinc;  the  united  zinc  and  copper  B  C  forming 
together  a  third  polar  element.     And,  as  a  last  consequence 
of  the   inducing   force   originating   at  A   the  column   of  acid 
between  C  and  D   becomes  a  fourth   polar    element   of  tlie 
Onitf  having  a  chlorous  pole  at  C  and  a  zincous  pole  at  D. 
Vcw  it  will  be  observed  that   tlie  chemical   affinity  between 
the  add  and  zinc  at  C  tends  to  produce  the  same  polar  con- 
dilioiiis  at  that  point,  as  are   already   estabhshed  there  from 
*be  effect  of  induction.      The  extremity  of  the  zinc  plate  at 
C  ia  in  &ct   nncous   both  primarily  and    by   induction  ;  and 
4e  add  in  contact  with  it,  likewise  chlorous,  both  primarily 
•ad  by  induction  ;  and  generally  throughout  the  whole  circle, 
tie  polar  conditions  determined  by  the  second  chemical  action 
H  C  are  the  same  as  those  determined  by  the  first  action  at  A, 

In  the  last  arrangement,  the  in- 
ductive actions  are  in  the  same  direc- 
tion, and  favour  each  other ;  but  a 
circle  may  be  constructed  in  wliich 
the  inductions,  being  in  opposite 
^'  directions,  oppose  and  neutralize 
each  other.  Tims  if  A  D  (Fig.  16.) 
be  entirely  zinc,  both  its  extremities 
being  exposed    to    acid,    will   tend 
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zincous, 
copper,  the  condition  of  both  its  extremities  will  be  chlorovii 
from  the  action  of  the   acid    on    the  two  ends  of   the   litic  { 
and  consequently  the  elements  of  such  a  circle  could  have  00 
polarity. 

A  circle  is  represented  in  Fig.  1 7,  containing  three  sources 
of  polarizing  force*     It  consists  of  three  alternations  of  copper 

and  zinc  symmetrically  arranged^  and 
forming  three  polar  elements  F  A,  B  C 
and  D  E,  with  three  acid  columns 
between  these  alternations,  wbicli 
form  three  additional  polar  elements, 
pw  A  B,  C  D  and  E  F,  The  number 
of  alternations  of  copper  and  zinc, 
'^^*'  with  acid,  may  ob\^ously  be  increased 
to  any  extent,  and  the  chemical  ac- 
tion of  the  acid  on  the  zinc  in  each  alternation  is  found  to 
increase  in  a  marked  manner  up  to  the  number  of  10  or  12 
alternations-  This  increase  of  the  affinity  is  undoubtedly  owiiij 
to  the  favouring  inductive  action,  which  tlie  chemical  actions  at 
the  different  points  have  upon  each  other.  Such  a  compound 
circle  may  be  compared  to  a  number  of  magnets  disposed  in  ft 
circle  with  their  attracting  poles  together,  of  which  each  would 
have  its  magnetic  intensity  exalted  by  induction  from  all  the 
rest.  When  such  a  circle  is  broken  at  any  point,  all  chemical 
action  and  polarization  cease  till  contact  is  again  made,  and  the 
circuit  completed.  The  polarization^  too,  being  the  result  of  ft 
circular  induction  involving  so  many  lines  or  chains  of  particUfty 
cannot,  when  otice  established,  be  more  nor  less  at  any  o^bJ 
point  in  tlie  circuit  than  at  others*  The  resulting  chemid^l 
action  must  therefore  be  every  where  equal  in  the  circle^  and 
consequently  the  same  quantity  of  zinc  be  dissolved  and 
hydrogen  evolved  in  each  acid. 

If  any  metallic  element  of  this  compound  circle  be  brokeOy 
and  a  polari^able  Uquid  be  interposed  between  the  metftUic 
extremities  so  as  to  complete  the  circuit,  decomposition  cuseurs 
in  that  liquid  as  in  the  simple  interrupted  circle  (Fig.  II4 
The  polarizing  in6uence  of  the  compound  circle  being  of  Ugh 
intensity,  more  numerous  and  difficult  decompositions  are 
effected  by  means  of  it,  than  by  the  simple  circle,  Tlie 
compound  voltaic  circle  is  indeed  a  decomposing  instrumeni 
of  great  efficiency. 
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If  in  tliis  arrangement  the  position  of  one  of  the  metals 
io  the  series  be  reversed,  so  that  a  sdnc  U  where  a  copper 
^ould  be,  then  by  the  action  of  the  acid  on  tliat  zinc  polariza- 
tion in  the  wrong  direction  is  occasioned,  which  s^eatly  dimi- 
nishes tlic  general  polarity  of  the*  circle,  reducing  it  in  an 
srrangfment  of  ten  alternations  to  one  fourth  according  to 
Mr.  Daniell. 

In  the  first  of  the  two  annexed  diagrams  (Fig.  18.)  is  re- 
FiG*  18,  presented  a  com- 

pound circle,  such 
as  is  employed  to 
produce     decom* 
I  position  and  call- 
ed a   voltaic  bat- 
tery, consisting  of 
tliree     acid     jars, 
each  of  which  con- 
tains  a   zinc  and 
copperplate;  and 
windi  arc  termed  active  cells,  as  they  are  sources  of  polarizing 
powiT,  from  the  action  of  acid  upon    zinc  which  takes  place 
in  them. 
In  tlie  second  diagram  (Figure  19),  the  same  arrangement 
Fig.   19. 


tt  fcpeited  with  the  'addition  of  a  third  jar,  termed  the  de- 
Q5,j,p..^i.,^»  ^l^  which  contains  any  polarizable  liquid,  with 
two  n  plates    immersed  in  it.     Each  copper,  it  will  be 

«een«  is  connected  by  a  wire  with  the  following  zinc,  and  in 
tlie  first  diagram,  the  copper  in  the  third  cell  C  is  imme- 
£ately  connected  with  the  zinc  in  the  first  cell  Z  by  a  wire, 
and  the  circuit  thus  completed.     Tlie  polar  elements  in  tlic 
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circle  of  the  first  diagram,  it  will  be  found  arc  six  in  number; 
namely,  the  three  acid  columns  between  the  metals  in  tlic 
cells,  abf  cd  and  efx  and  the  three  pairs  of  zinc  and  copper 
plates,  each  of  which  forms  a  single  polar  element,  of  which 
the  surface  of  the  zinc  is  the  zincous,  and  the  surface  of  the 
copper,  the  chlorous  pole.  In  the  second  diagram,  one  of 
these  metallic  elcmentii  Z  C"  is  divided,  and  a  polarizable 
hquid  yA,  in  the  cell  of  decomposition,  interposed  between  the 
broken  extremities  PI  and  Pl\  To  ascertain  the  polar  con- 
dition of  the  extremities,  or  the  terminal  platinum  plates  in 
tlie  decomposing  cell,  it  is  to  be  observed  that  PI'  with  Z 
forms  one  polar  element,  of  which  Z  being  a  zincous  pole,  Pl^ 
must  be  a  chlorous  pole.  Again,  PI  with  C"  forms  one  polar 
element,  of  which  C  being  a  chlorous  pole,  Pi  must  be  a 
zincous  pole.  Now  the  platinum  plates  PI  and  PI'  which 
are  thus  zincous  and  chlorous,  are  disposed  in  the  decomposing 
cell,  in  regard  to  one  another,  the  first  to  the  left,  and  ths 
second  to  the  riglit,  as  the  zincous  and  chlorous  plates,  (th« 
zinc  and  copper),  also  are  arranged  in  the  active  cells.  It 
will  be  convenient  to  distinguish,  by  names,  the  poles  which 
these  terminal  platinum  plates  constitute,  as  they  are  much 
more  frequently  referred  to,  and  of  greater  consequence  than 
any  other  poles  in  voltaic  battery,  when  usc'd  as  an  instmoaaiit 
of  decomposition  as  it  constantly  is.  The  chlorous  plate  PI* 
which  is  in  connexion  with  a  zinc  plate  Z,  may  be  called  the 
thloroid  (like  chlorine,  quasi-chlorine),  and  the  zincous  plate  PI 
which  is  connected  with  a  copper  plate  C  may  be  called  the 
zincoidy  (like  zinc,  quasi-zinc),  names  which  express  the  virtual 
properties  of  each  plate,  or  the  particular  attractive  power  ancl 
affinity  which  each  of  them  acquires  from  its  place  in  the  ctrdei 

When  hydrochloric  acid  is  the  polarizable  liquid  inteipcMed 
between  these  plates,  chlorine  is  of  course  attracted  by  the 
surface  of  the  zincoid  and  discharged  there,  and  hydrogen  by 
the  face  of  the  chloroid  and  discharged  upon  that  plate*  On 
:  tlie  electrical  hj^othesis,  the  same  plates  arc  variously  denomi- 
nated : 

The  zincoid  as  the  positive  pole,  tlie  positive  electrode,  the 
anode,  and  the  zincode, 

Tlie  rhhroid  as   the  negative  pole,  the  negative  electrode, 
tlie  c5athode  and  the  platinode. 

The  cell  of  decomposition  thus  interpolated  in  the  roi 
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circle  ia  an  obstacle  to  induction,  and  reacts  on  the  whole 
aeries,  reducing  the  chemical  action  and  evolution  of  hydrogen 
in  each  of  the  active  cells  by  at  least  one  third.  In  that  retard- 
ing ceQ  itself,  the  amount  of  decomposition,  is  necessarily  the 
ame  as  in  the  other  cells.  Mr.  Daniell  found  the  chemical 
action  reduced  to  one  tenth,  in  a  series  of  eight  active  and 
two  such  retarding  cells;  and  entirely  stopped  by  Uuee  re- 
tarding to  seven  active  cells. 

OF  THE  SOLID  ELEMENTS  OF  THE  VOLTAIC  CIRCLE. 

The  elements  of  a  voltaic  circle  are  obviously  of  two  difTe- 

lent  kinds,  the  metals  or  solid  portions,  through  the  substance 

ai  which  chemical  induction   is  propagated  without   decom- 

position,    and   the  liquids  in    the  ceUs,  which   yield    to  the 

induction  and  suffer  decomposition.    In  reference  to  the  first,  it 

is  to  be  observed  that,  as  only  iron  and  one  or  two  other 

metals  of  the  same  natural  family  are  susceptible  of  magnetic 

polarity,  so  the  susceptibility  of  chemical  polarity  which  appears 

in  the  voltaic  battery  is  not  possessed  by  solids  in  general, 

Init  is  confined  to  the  class  of  bodies  to  which  zinc  belongs, — 

the  metals,  all  of  which  possess  it,  with  the  addition  of  carbon 

in  the   form  of  charcoal,  and   the  sulphuret  of  silver  when 

lieated.      The    non-metallic  elements   with  their  compounds, 

and  the  oxides,  sulphurets  and  other  compounds  of  the  metals, 

some  of  which  exhibit  the  metallic  lustre,  are  all  destitute  of 

this  power,  and  cannot,  therefore,  be  used  as  solid  elements 

of  the  circle.    A  body  available  for  this  purpose  is  termed  a 

conductor  on  the  electrical  hypothesis,  a  name  which  may  bo 

Tetabed  as  it  is  not  at  variance  with  the  function  assigned  to 

the  metals  in  the  circle  viewed  as  a  chemico-polar  arrangement. 

Two  different  metals  are  combined  in  a  circle,  one  of  which 

is  acted  on  by  the  liquid,  and,  therefore,  called  the  active  or 

the  positive  metal,  while  the  other  is  not  acted  upon,  and  is, 

therefore,  called  the  inactive  or  the  negative  metal ;  and  it  has 

already  been  stated  that  the  more  easily  acted  on  by  the  liquid 

or  the  more  highly  positive  the  one  metal,  and  the  less  easily 

acted  upon,  or  more  negative  the  other  metal,  the  more  proper 

and  efficacious  is  the  combination.      In  the   following  table 

fieveral  of  the  metals  are  arranged  in  the  order  in  which  they 

appear  positive  or  negative  to  each  other,  when  acted  on  by 
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the  acid  fluids  commonly  employed  in  the  voltaic  battery. 
Each  metal  is  positive  to  any  one  below  it  in  the  table,  and 
negative  to  any  one  above  it. 

Most  positive. 

Potassium. 

Sodium. 

Manganese. 

Zinc. 

Cadmium. 

Iron. 

Nickel. 

Cobalt. 

Lead. 

Tm. 

Bismuth. 

Copper. 

Silver. 

Mercury. 

Palladium. 

Platinum. 

Rhodium. 

Iridium. 

Gold. 
Most  negative. 

Zinc  which  stands  high  in  the  list,  is  the  only  metal  whidi 
can  be  used  with  advantage  in  the  voltaic  battery,  as  the  pon- 
tive  metal.  Although  closely  approaching  zinc  in  the  strength 
of  its  affinities,  iron  is  ill  adapted  for  the  purpose,  from  the 
impossibility  of  amalgamating  its  sur&ce,  the  irregularity,  of 
its  structure,  and  certain  peculiarities  of  this  metal  in  reference 
to  chemico-polarity.  Platinum  forms  an  excellent  negative 
metal  from  the  weakness  of  its  affinities,  and  is  generally  used 
for  the  plates  in  the  cell  of  decomposition.  Silver  also  is 
highly  negative,  but  copper  is  the  only  negative  metal,  whidi 
from  its  cheapness  can  be  used  in  the  construction  of  active 
cells  of  ordinary  magnitude. 

But  although  the  difference  between  two  metals  in  point  of 
affinity  be  very  small,  yet  their  association  in  the  same  acid 
always  gives  a  decided  predominance  to  the  affinity  of  the  more 
positive,  by  causing  the  surface  of  the  other  to  become  chloroas, 
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«id  tiicorefbre  wholly  inacttye  in  an  acid  fluid,   A  negative  metal 

any  thus  be  protected  from  the  solirent  action  of  saline  and 

lod  Eqiuds^  by  association  with  a  more  positive  metal ;  iron,  for 

iutence,  by  zinc,  as  in  articles  of  (galvanized  kron^  which  are 

coated  with  the  former  metal ;    and  copper  by  either  zinc  or 

irosj,  as  was  remarkably  illustrated  in  the  attempt  made  by  Sir 

U*  DftTy  to  defend  the  copper  sheathing  of  ships  from  corrosion 

to  iea-water,  by  means  of  his  protectors.     These  were  small 

oi  iron  or  zinc  fixed  upon  the  ship's  copper,  at  different 

und^r  the  water  line.     They  completely  answered  the 

puipose  of  protecting  the  copper,  but  unfortunately  gave  rise  to 

a  deposition  of  earthy  matter  upon  that  metal  to  which  bama- 

dea  and  sea-weeds  attached  themselves^  and  thereby  diminished 

diefiM!ility  of  the  ship's  motion  through  the  water. 

A  weak  galvanic  circle  may  even  be  formed  of  a  single  positive 

in   an  acid,  as  the  zinc   A   B  (Fig.    20),  provided  the 

surfaces  of  the  metal  exposed  to  the  acid  at 

A  and  B  are  in  different  conditions  as  to 

O  purity  or  mechanical  structure,  and  there- 
fore unequally  acted  upon  by  the  acid; 
whereupon  the  part  least  disposed  to  dis- 
solve becomes  negative  to  the  other.  A  zinc 
plate  may  also  be  unequally  acted  on  and 
thrown  into  a  polar  state,  from  the  liquid  in 
-  which  it  is  immersed  varying  ill  composition 

^  and  activity,  at  different  points  of  the  me- 

tiDic  iur&ce*  A  circle  may  thus  be  formed  of  one  metal  A  B 
Titb  two  liquids  A  E  and  E  B^  which  merge  into  each  other, 
lad  form  together  one  polar  element  A  B. 

The  two  metals  in  a  circle  have  generally  been  exhibited  in 
aetaUie  contact,  and  forming  together  one  polar  element,  but 
they  may  be  separated,  as  are  the  zinc  and  copper  plates  A  D 
aodC  B  in  the  diagram    (Fig.  21),  by  two  polarizable  fluids. 
Fig.  21.  provided  these  fluids  are  such  as  a  strong 

acid  at  A  B,  and  as  iodide  of  potassium 
at  D  C,  the  first  of  which  acts  very  pow- 
erfully on  zinc,  while  the  other  acts  very 
t^m  ^c  feebly  upon  that  metal  (unless  associated 

with  copper)  j  so  that  of  the  consequent 
opposing  inductions,  that  originating  at  A 
greatly  exceeds  and  overpowers  thatfromD, 
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It  is  likewise  necessary  that  the  fluid  D  C  be  of  easy  decompo- 
sition, so  as  to  yield  to  the  polarizing  power  of  the  single  cnrde. 
In  this  arrangement,  however,  it  is  obvious  that  the  sine  itself 
forms  a  complete  polar  element,  of  which  A  is  the  sincous,  and 
D  the  chlorous  pole ;  and  the  copper  also  an  entire  polar  dd«> 
ment  of  which  B  is  the  chlorous,  and  C  the  zincous  pole. 

The  preceding  table  exhibits  the  relation  which  the  metals 
enumerated  assume  to  each  other,  in  the  acid  and  saline  adiw 
tions  usually  employed  as  exciting  fluids.     But  the  relatkm  of 
any  one  metal  to  another  is  not  the  same  in  all  exciting  fluids. 
Thus  when  tin  and  copper  are  placed  in  acid  solutions,  the 
former  is  most  rapidly  corroded  and  becomes  the  positive  mets^ 
according  to  its  position  in  the  series,  but  if  they  are  put  into  s 
solution  of  ammonia  which  acts  most  upon  the  copper,  then  thi 
latter  becomes  the  positive  metal.    Copper  is  positive  to  lead  in 
strong  nitric  acid,  which  oxidizes  the  former  most  freely,  where- 
as in  dilute  nitric  acid,  by  which  the  lead  is  most  rapidly  dis- 
solved, the  lead  is  positive. 

LIQUID  ELEMENTS  OF  THE  VOLTAIC  CIRCLE. 

With  the  view  of  simplifying  tlie  statement  of  the  chemicpl 
changes  which  occur  in  the  voltaic  circle,  the  exciting  fluid  hai 
hitherto  always  been  supposed  to  be  hydrochloric  acid  (chloride 
of  hydrogen),  and  this  compound  is  a  fair  type  of  the  dass  of 
bodies  which  are  available  for  the  purpose  of  bringing  these 
changes  into  play.  The  exciting  fluid  is  always  a  saUne  bodg  in 
the  general  sense,  that  is,  a  compound  of  a  salt-radical,  such  ae 
chlorine,  with  a  basyle,  such  as  hydrogen  or  a  metal.  The 
chloride  of  copper,  chloride  of  sodium,  chloride  of  ammonium, 
or  the  chloride  of  any  other  basyle  may  be  substituted  for  hy- 
drochloric acid,  although  not  all  with  the  same  advantage  ;  aisd 
the  chlorides  of  basyles  may  be  replaced  by  their  iodides,  solr 
phatoxides  (sulphates),  nitratoxides  (nitrates)  and  salts  of  other 
acids,  as  exciting  fluids,  provided  they  have  the  condition  of 
liquidity,  which  gives  mobility  to  their  particles  and  permits 
that  disposition  of  them  which  is  assumed  in  a  polar  chain. 
The  liquids,  which  yield  in  the  cell  of  decomposition,  are  of  the 
same  nature,  although  the  liquid  which  forms  the  best  exciting 
fluid  is  not  always  the  most  easily  decomposed  in  the  decom- 
posing cell. 
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The  positive  metal  which  is  exposed  to  the  exciting  fluid 

■hrftjrs  acta  in  one  way,  displacing  the  basyle  and  combining 

with  the  salt-radical  of  that  body  ;  in  the  manner  the  zinc  has 

boco  seen  to  liberate  hydrogen  and  combine  with  chlorine,  when 

lijf^djxM^iloiie  acid  is  the  exciting  fluid*     The  positive  metal  is 

lliitB  sidratitoted  for  a  similar  basyle  in  a  pre-existing   saline 

awnpcwmiL     That  metal  may  dissolve  in  another  manner,  by 

nnitijig  directly,  for  instance,  with  free  chlorine  or  iodine  in 

iabitiaD,  bot  then  no  polarization  follows,     A  chain  of  particles 

of  cUcmne  may  extend  from  the  zinc  to  the  associated  negative 

metal,  but  they  are  not  polarized,  as  a  chain  of  hydrochloric  acid 

fiitiGles  would  be  in  the  same  circumstances.     The  particles  of 

these  firee  elements  appear  to  be  incapable  of  that  polar  condi- 

tioQ,  haring  chlorous  affinity  on  one  side  and  zincous  on  tlie 

dlier^  of  which  both  the  sohd  and  liquid  constituents  of  the 

viteic  circle  must  be  susceptible.     Judging  from  the  unifor- 

mitT  in  comporation  of  exciting  liquids,  their  susceptibility  of 

fiolarixation  depends  on  their  consisting  of  an  atom  of  basyle 

«id  an  atom  of  salt-radical,  which  may  become  respectively  the 

locus  of  sihgous  and  chlorous  polarity-     Or  as  chlorine  belongs 

to  the  salt-radicals  and  zinc  to  the  basyles,  and   each  may  be 

taken  to  represent  its  class,  the  exciting  bodies  may  be  said  to 

be  capable  of  having  a  chlorous  and  zincous  pole,  because  they 

ooiiflst  of  a  chlorous  and  zincous  element.     Such  particles  may 

tie  looked  upon  as  in  a  state  of  tension  when  forming  a  part  of 

1  polar  ebain,  each  about  to  divide  into  its  chlorous  and  zin- 

atoms*      Mr.    Faraday  has  established  that    all  exciting 

are   binary   compounds  of  single  equivalents  of  salt- 

lidical  and  basyle,  or  prolo^compounds^  such  as  hydrochloric 

iod  itself,  proto-chloride  of  tin,  &c.     Other  saline  bodies  which 

m  per-^cmpoundsj  such  as  bichloride  of  tin,  are  not  exciting  or 

polarisable,  because,  as  it  may  be  supposed,  tlvey  are  not  natu- 

tHy  reaolvable  into  a  chlorous   and  zincous  atom,  but  into  a 

ddorous  atom   and    another  Bait ;   the  bichloride  of  tin,  for 

iHluoe   into   chlorine  and   proto-chloride  of  tin.     For    such 

wStm  bodies  may  all  be   ternary  compounds  and  consist  of  a 

btnary  compound  united  with  an  additional  quantity  of  salt- 

ndieal*     Certain  protocompounds,  also,  which  are  deficient  in 

the  saltne  chamcter,  are  not  polarisable,  such  as  chloride  of 

ndpbnr,  protochloride  of  phosphorus    and  protochloride    of 

These  bodies  do  not  contain  a  proper  basyle. 
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The  zinc  or  positive  metal,  too,  always  forms  a  proto-cotn- 
pound  in  dissolving,  which  is  a  saline  body.  The  order  of 
the  chemical  changes  in  the  exciting  fluid  therefore  is  as  follows : 
The  zinc  in  decomposing  a  binary  compound  and  forming  i 
binary  compoundj  liberates  an  atom  of  its  own  class ;  which 
atom  repeats  the  same  actions ;  supplying  at  the  same  time 
another  atom  of  the  same  kind  to  act  in  the  same  manner,  and 
that  another,  from  the  zinc  to  the  copper  plate.  The  combining 
bodies  are  always  a  basyle  and  a  salt-radical,  and  therefore  only 
two  kinds  of  attraction  or  affinity  are  at  work  throughout  the 
chain,  those  of  a  basyle  and  a  salt-radical,  the  zincous  and 
chlorous  affinities.  Hence,  in  the  present  subject  of  chemical 
polarity,  we  have  to  deal  with  but  two  attractive  forces,  the 
£incous  and  the  chlorous,  as  in  magnetism  with  but  two  mag» 
net^  forces,  the  austral  and  the  boreal. 

On  the  electrical  hypothesis  a  body  which  is  thus  decom- 
posed in  the  active  cells,  or  in  the  cell  of  decomposition,  is 
called  an  electrolyte  (decomposable  by  electricity),  and  tliis  kind 
of  decomposition  is  distinguished  as  electrohjsis.  The  chemicil 
expressions  equivalent  to  these  are  zincolyte  and  zincoIt/9is^  the 
decompositions  throughout  the  circle  being  referred  to  the 
inductive  action  of  the  affinities  of  zinc  or  the  positive  metal* 

The  characters  of  the  two  constituents  of  a  zincolyte  may  be 
shortly  noticed*  The  class  of  basyle  constituents  is  composed 
of  the  metals  in  their  order  as  positive  metals,  beginning  witk 
potassium  and  terminating  with  mercury,  platinum  and  the  leas 
oxidable  metals.  Ammonium  has  a  claim  to  be  introduced  high 
in  this  list,  and  should  probably  be  accompanied  by  the  analo* 
gous  basyles  of  the  vegeto -alkalies,  although  in  respect  to  the 
decomposition  of  their  salts  in  the  voltaic  circle*  we  have  ito 
precise  information.  Hydrogen  Iike\(ase  finds  a  place  near  cop* 
per  in  this  class. 

At  tlie  head  of  the  salt-radical  constituents  of  zincolytes  may 
be  placed  iodine  and  the  other  members  of  the  chlorine  family* 
These  are  followed  by  the  salt-radicals  of  the  sulphates,  nitrates^ 
carbonates,  acetates,  and  other  oxygen-acid  salts*  Sulphur  roast 
be  allowed  to  follow  the  last  as  the  salt-radical  of  the  soluble  sul- 
phurets,  and  the  lowest  place  be  assigned  to  oxygen,  as  the 
salt-radical  of  the  soluble  metallic  oxides,  of  oxide  of  potassium^ 
for  instance,  and  of  water.  It  is  unusual  to  speak  of  oxygen  as  a 
salt-radical,  and  of  caustic  potash  and  water  as  salts,  but  the 
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binary  tlieoiy  of  salts  recognizes  no  essential  difference  between 
the  chloride,  sulphatoxide,  and  oxide  of  a  basyle,  the  oxide 
being  connected  with  the  more  highly  saline  compounds  through 
the  snlphuret,  and  the  chain  of  salt-radicals  Arom  iodine  to 
oxygen  being  continuous  and  unbroken. 

The  fittility  of  decomposition  of  different  sincolytes  appears 
to  depend  more  upon  the  high  pkce  of  their  salt-radical  than 
upon  the  nature  of  their  other  constituent.  The  iodides,  for 
initinrftj  as  iodide  of  potassium  and  hydriodic  acid,  are  the 
most  easily  decomposed  of  all  salts,  yielding  to  the  polar  influ- 
tact  of  the  single  circle.  Then  follow  the  chlorides,— chloride 
of  lead,  fused  by  heat,  yielding  to  a  very  moderate  power. 
After  these  the  salts  of  strong  oxygen  acids,  such  as  sulphates 
lod  nitrates  either  of  strong  bases,  such  as  potash  and  soda,  or 
of  weak  bases,  such  as  oxide  of  copper  and  water  (the  hydrated 
adds  are  such  salts).  The  carbonates  and  acetates,  which  have 
mock  weaker  salt-radicals,  are  still  less  easily  decomposed,  and 
finaDy  oxides  are  decomposed  with  great  difficulty.  Water  itself 
iipoJaiized  with  such  extreme  difficulty,  and  decomposed  when 
alone  to  so  minute  a  degree,  even  by  a  powerful  battery,  as  to  leave 
its  claim  to  be  considered  a  xincolyte  when  in  a  state  of  purity 
by  no  means  certain. 

Widdy  as  the  more  characteristic  salt-radicals  and  basyles 
£fier,  still  the  classes  pass  by  imperceptible  gradations  into  each 
odier,  and  form  portions  of  one  great  circle.  Mercury  and  the 
more  negative  metals,  although  clearly  basyles,  appear  at  times 
to  assume  the  salt-radical  relation  to  the  highly  positive  metals ; 
SQch  a  character  is  evinced  in  mercury,  by  the  energy  with  which 
it  unites  with  sodium  and  potassium,  and  by  its  function  in  the 
amalgamated  xinc  plate  of  the  voltaic  circle.  So  that  the  salt- 
radical  or  basyle  character  of  a  body  is  not  absolute,  but  always 
relative  to  certain  other  bodies. 

The  addition  of  a  salt  or  acid,  even  in  minute  quantity,  to 
water  in  the  cell  of  decomposition,  causes  the  copious  evolution 
of  oxygen  and  hydrogen  gases  at  the  zincoid  and  chloroid,  and 
is  therefore  often  spoken  of  as  facilitating,  by  its  presence,  the 
decomposition  of  the  water,  in  some  way  which  cannot  be  ex- 
jdsined.  But  the  phenomena  are  unattended  with  difficulty  on 
the  binary  theory  of  saline  bodies.  When  sulphate  of  soda 
exists  in  the  water  of  the  decomposing  cell,  it  is  sulphatoxide  of 
sodium  which  is  decomposed,  SO4,  the  sulphate  radical  being 
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evolved  at  the  zineoid  and  sodium  at  the  chloroid.     But  die 
sodium  having  a  strong  affinity  for  oxygen  reacts  upon  tlie  water 
at  the  pole,  forming  soda  and  liberating  hydrogen,  which  tfaero- 
fore  appear  together ;  while  SO4  having,  as  a  high  salt-rwliGali 
a  powerful  affinity  for  hydrogen,  hkewise  decomposes  water,  and 
thus  evolves  oxygen,  which,  with  a  free  add,  appears  aft  the 
zineoid.     A  solution  of  chloride  of  sodium  is  decomposed  in  tht- 
same  manner,  its  elements  chlorine  and  sodium  being  attradei  * 
to  the  zineoid  and  chloroid  respectively,  but  neither  of  these 
elements  appearing  as  such.    Both  decompose  water  and  tfaw^ 
produce  oxygen  with  hydrochloric  acid  at  the  zineoid,  and  sUlll^ 
with  hydrogen  at  the  chloroid.     It  has  indeed  been  nnrCTtainri' 
that  the  polar  influence  which  apparently  effects  two  deooa^  = 
positions    in  these  circumstances,  namely,  that  of  water  inli'^ 
oxygen  and  hydrogen,  and  of  a  salt  into  its  acid  and  alkaU,  is  ii#'' 
more  in  quantity  than  is  necessary  to  decompose  one  oi  thewi 
bodies,  the  circulating  power  being  measured  by  the  qoantitf' 
of  fused  chloride  of  lead  decomposed  in  another  part  of  tht  - 
circuit  (Danieli).    There  can  be  little  doubt  then  that  only  oriTt 
binary  compound  is  immediately  decomposed,  and  that  the  tii#^^ 
sets  of  products  which  appear  at  the  poles,  are  the  results  ff  ^ 
secondary  decomposition.     Indeed  the  decomposition  of  salts  h*' 
the  voltaic  circle  affords  considerable  support  to  the  biiuffj 
theory  of  these  bodies  (page  164). 

Secondary  decompositions. — ^The  products  of  voltaic  action  an  ' 
frequently  of  that  secondary  character,  the  original  products 
b..ing  lost  from  their  reaction  upon  the  liquid  in  which  they  an 
produced,  or  upon  the  substance  of  the  metallic  poles.  Una 
salts  of  the  vegetable  acids  often  afford  carbonic  acid,  and  salli 
of  ammonia  nitrogen,  instead  of  oxygen,  at  the  zineoid ;  the 
oxygen  liberated  having  reacted  upon  the  combustible  constitu- 
ents of  these  bodies.  Nitrates,  again,  may  afford  nitrogen,  or 
nitric  oxide,  at  the  chloroid,  in  consequence  of  the  oxidation  of 
the  hydrogen  evolved  there.  The  nascent  condition  of  thelibo-  > 
rated  elements  favours  such  secondary  actions.  When  thft 
zineoid  is  composed  of  a  positive  metal,  such  as  zinc  itself  or 
copper,  the  chlorous  element  is  absorbed  there,  combining  wiA 
the  metaL  The  decomposition  of  a  salt  is  also  then  mudi 
easier,  the  action  of  the  circle  being  greatly  assisted  by  die 
proper  affinity  of  the  matter  of  the  zineoid  for  a  chlorous  body. 
Insoluble  sulphurets,  chlorides  and  other  compounds  of  a  poai- 
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acting  as  the  zinooid,  have  thus  been  slowly  produced, 
piiigle  circle  with  a  weak  exciting  fluid;  which  products 
^lexhibited   distinct  crystalline  forms,    resembling  natural 
not   otherwise   producible   by   art.      The    hydrogen 
ttpon  a  platinum  chloroid,  immersed  in  the  solution  of 
or  iron  salt,  may  also  reduce  these  metals  upon  the 
of  the  platinum,  in  the  form  of  briUiant  octahedral  crys- 
^Iq  the  active  cells  themselves  a  secondary  decomposition 
occur,  the  hydrogen  evolved  decomposing  the  salt  of 
accumulates  in  the  liquid,  and  occasioning  a  depo- 
tliat  metal  upon  the  copper  plate ;  an  occurrence  which 
'  ac  an  opposite  polarity,  and  cause  the  action  of  the 
dBdine,     But  on  disconnecting  the  zinc  and  copper 
,  the  foreign  deposit  upon  the  latter  is  quickly  dissolved 
'  tiie  amd*     The  inconvenience  of  this  secondary  decom- 
in  the  exciting  cells  is  avoided  by  dividing  the  cell  into 
ipartments,  by  a  porous  plate  of  earthenware,  or  by  a 
membrmne,   interposed   between   the   zinc   and  copper 
The  salt  of  zinc  formed  about  that  metal  is  prevented 
diffosing  to  tlie  copper,  by  the  diaphragm,  although  it 
sity,  a  continuity  of  liquid  polarizable  par- 
tals. 
leaving  the  subject  of  the  liquid  and  solid  elements  of 
circle,  I  may  offer  for  consideration  some  opinions 
their  internal  constitution,   of  a  more  speculative 
which  the  chemical  theory  of  the   voltaic  circle  sug- 

phenomena  of  electricity  of  friction,  and  of  high  tension 
to  indicate  that  all  compound  bodies  whatever  are  pola- 
imder  an  intense  induction »  On  the  chemical  theory 
imply  that  they  are  all  binary  compounds,  or  at  least 
of  a  binary  disposition  of  their  elements.  And  it  is 
that  recent  discovery  has  detected  stich  a  constitu- 
wewend  bodies  containing  a  large  number  of  atoms,  and 
idcre<l  it  probalile  in  a  great  many  others  ;  etlier^  for  in- 
been  found  to  be  the  oxide  of  ethyl,  benzoic  acid 
benzoyl,  and  all  the  essential  oils  appear  to  be 
Frfa  similar  constitution.  But  the  molecular  constitution 
rooiplex  compounds  appears  not  to  be  fixed  and  inva- 
Aleahol  for  instance,  when  free  may  be  the  hydrate  of 
thai  is  a  ternary  compound  ;  but  alcohol  replaces  water 

a 
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in  some  salts,  and  then  appears  as  a  binary  oompound,  or 
oxide  of  a  new  basyle,  which  is  ethyl  plus  an  atom  of  wa 
It  is  not  improbable  then  that  under  the  influence  of  a  powe 
induction,  compounds  may  admit  of  different  disposition 
their  molecules ;  that  the  strong  chlorous  affinity  ^of  a  conti 
ous  polar  molecule  may  develope  near  it  a  zincoua  dement^ 
the  most  complicated  substance. 

It  comes  to  be  a  most  interesting  subject  of  inquiry,  whic 
trust  is  not  beyond  our  reach,  what  relation  have  the  atoms  < 
metallic  element  of  the  circle  to  each  other,  when  not  in  a  pc 
condition  ?  The  relation  I  imagine  to  be  that  of  combinalj 
Their  atoms  assume  so  readily  the  binary  or  saline  arrangem 
under  induction,  that  they  may  be  supposed  already  to  poM 
it.  Their  atoms  may  be  associated  in  a  congeries,  formin 
highly  complex  molecule,  the  prototype  of  a  saline  body, 
which  not  only  the  salt-radical  and  basyle  have  their  represei 
tive  atoms  of  metal,  but  even  the  elements  of  oonstitatiii 
water,  and  of  water  of  crystallization.  Numerous  and  most 
teresting  inquiries  are  suggested  by  the  possible  ezbteno 
such  a  molecular  structure  of  the  metal.  As  salts  diffiar  fi 
each  other  in  the  number  and  disposition  of  these  accompanj 
bodies,  a  sulphate  of  zinc  in  its  water  of  crystallization,  for 
stance,  from  a  chloride  of  the  same  metal,  so  one  metal  i 
differ  from  another  in  the  arrangement  which  it  affects^  or 
it  resembles.  The  molecular  arrangement  in  a  metal  may  € 
change  with  its  temperature  ;  such  arrangements,  and 
changes  they  undergo,  occasioning  a  variable  inductile  actioi 
dissimilar  metals  in  contact  upon  each  other's  molecules, 
giving  rise,  in  particular,  to  the  phenomena  of  thermo-dei 
city. 

But  the  facility  with  which  the  polar  condition  of  the  m 
cules  of  a  metal  may  be  reversed,  with  a  change  in*  the  direc 
in  the  induction  affecting  it,  forbids  us  to  suppose  that  any 
ticular  molecular  arrangement  of  a  metal  is  constant.  Then 
zinc  may  have  one  arrangement  which  it  affects  when  uiuh 
foreign  influence,  (an  arrangement,  it  may  be,  impressed  i 
that  metal  in  its  reduction  from  the  ore,  by  the  chemical  a 
cies  then  at  work),  but  under  the  influence  of  different  exe 
fluids,  it  must  assume  different  arrangements,  analogous  to  t 
of  the  exciting  fluid,  atone  time  representing  a  chloride  of) 
and  at  another  time  a  sulphate,  or  reflecting  the  moleciilar 
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stzUttion  of  the  exciting  flaid,  whatever  that  may  lie.  To  avoid 
QDDplicatioii,  attention  has  hitlierto  been  confined  to  the  actloa 
of  the  primary  affinity  of  the  exciting  acid  (that  of  its  salt-radical) 
ii|M}0  tl»e  zinc  J  but  the  secondary  affinities  of  the  accessory 
oWHlitaeiils  of  the  exciting  acid  must  also  be  supposed  to  act 
opm  tlie  positive  metal,  although  in  a  subsidiary  manner  to  the 
primaiy  affinity. 

In  the  constitntion  of  many  compound  bodies,  a  provision  for 
the  formation  of  new  compounds  is  observed,  similar  to  what  is 
mam  supposed  to  exist  in  the  zinc.  In  the  crystallized  sulphate 
of  &AC  itself,  there  is  a  provision,  in  the  single  constitutional 
Hom  of  water  of  that  salt,  for  the  formation,  by  replacement,  of 
tilt  double  sulphate  of  zinc  and  potash,  and  in  the  water  ofcry- 
itaUizatioQ  of  the  sanje  salt,  provision  for  the  formation  of 
urioas  siibsalts  containing  excess  of  oxide  of  zinc  or  ammonia, 
bf  fimiiar  replacements.  The  assumed  molecular  structure  of 
cbe  metal,  thus  leads  to  a  farther  development  of  the  extending 
bm  of  substitution. 

The  peculiarities  of  iron,  by  which  it  is  enabled  to  resist  amal- 
IBtalaon,  to  assume  magnetism,  to  exhibit  an  indifference  to 
aiiie  acid  in  certain  circumstances,  must  depend  upon  the 
fliokeolar  sitructure  of  that  metal,  and  are  subjects  which  the 
^mmnfk  approaches  with  advantage  when  unfettered  by  the 
ikctiiqd  hypothesis. 

GENERAL  SCMMARY, 

K  No  chemical  affinity  has  been  observed  to  act  inductively, 
bat  that  kind  which  has  been  described  as  operating  in  the 
t  cii^le«  The  affinity  between  two  salts,  the  affinity  of  one 
for  aocither,  of  one  metal  for  a  free  non-metal  he  element, 
jlhf ,  appdu*  to  be  incapable  of  acting  in  this  way ;  or  it  may  be 
tkal  vc  hare  not  the  means  of  observing  the  inductive  mode  of 
MdoQ  of  these  affinities.  The  action  of  the  circles  which  have 
keeo  formed  of  organic  matters,  such  as  sUces  of  brain  and  beet- 
n^  or  the  rombinations  of  acid,  alkaU,  and  salts,  employed  l>y 
Bacquerd,  are  ti*o  minute  and  oljscure,  to  interfere  with  this 
pseml  c»nclouou.  That  arrangement  also  of  pairs  of  thin 
dboi  of  positi  '  negative  metals,  with  paper  between  each 

fair,  irhkh  i*.  as  the  dry  pik,  acts  otdy,  it  is  admitted, 

vfacfi  damp^  and  therefore  when  oxidation  of  the  positive  metal 
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2.  The  exciting  compound  or  zincolyte  must  have  a  polar 
molecule,  which  requires  it  to  consist  of  single  flinoous  and 
chlorous  atoms. 

3.  The  molecules  of  the  zincolyte  must  also  have  mobility 
and  be  able  to  assume  a  polar  arrangement,  or  place  themaehrei 
with  their  unlike  and  attractive  poles  together,  so  as  to  torn 
a  polar  chain.  This  necessitates  fluidity  of  the  zinedlytB 
(Faraday). 

4.  Of  the  metallic  portions  of  the  circle,  the  molecule  il 
indifferently  polarizable,  that  is,  either  side  of  it  indifferent^^ 
may  become  chloro-polar  or  zinco-polar,  according  to  tbe  din0^' 
tion  of  the  induction  affecting  it.  Hence  these  portions  of  Atf 
circle  need  not  be  fluid  like  the  zincolytes. 

5.  In  a  closed  voltaic  circle,  a  certain  number  of  lines  (tf 
chains  of  polarized  molecules  is  established,  each  chain  bdl^ 
continuous  round  the  circle.  Hence  the  polar  condition  of  tU 
circle  must  be  everywhere  the  same.  Hie  same  number tf 
particles  of  exciting  fluid  are  simultaneously  polar  upon  tti 
surface  of  every  zinc  plate  in  the  active  cells,  and  also  upon  thv 
surface  of  the  zincoid  in  the  cell  of  decomposition,  and  Atf 
consequent  chemical  change,  or  decomposition  occurring^  u  of 
the  same  amount  in  the  same  time  in  all  the  cells.  StA 
equality  in  condition  and  results  is  essential  to  e^rotal  inductioiif 
such  as  exists  in  the  voltaic  circle. 

The  number  of  polar  chains  that  can  be  established  at  At' 
same  time  in  a  particular  voltaic  arrangement,  is  obviously  ^ 
fected  by  several  circumstances : 

(1)  By  the  size  of  the  zinc  plate  ;  the  number  of  particles  rf 
zinc  that  may  be  simultaneously  acted  upon  by  the  ezdtiiig 
fluid,  being  directly  proportional  to  the  extent  of  metallic  m^ 
fitce  exposed. 

(2)  By  the  nature  and  accidental  state  of  the  exciting  liquid^ 
some  zincolytes  being  more  easily  acted  on  by  the  positive  m^ 
tal  than  others ;  while  the  state  of  dilution,  temperature,  waA 
other  circumstances  may  affect  the  facility  of  decomposition  cf 
any  particular  zincolyte. 

(3)  The  adhesion  of  the  gas  bubbles  of  hydrogen  to  the 
copper  plate,  at  which  they  are  evolved,  interferes  much  widi 
the  action  of  a  battery.  By  taking  up  the  hydrogen,  by  meaae 
of  a  solution  of  sulphate  of  copper  in  contact  with  the  copper 
plate,  Mr.  Daniell  increased  the  amount  of  circulating  force  u 
times. 
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(4)  The   chemical   action   in   a   cell   is  also   dtminishccl  hy 
iacreaoing  the  distance  from  each  other  in  the  exciting  Haid  of 
*  i  ve  and  negative  metals, 

^  ^  !  e  lines  of  chemico-polar  raolecules  in  the  exciting  fluid 
doiiki  be  reptdsive  of  each  other,  like  lines  of  magneto-poJar 
dbraents,  as  illustrated  in  tlie  mutual  repulsion  and  divergence 
of  die  threads  of  steel  filings  which  attach  themselves  to  the 
pok  of  m  magnet  (Fig.  9.)  TTiat  the  lines  of  induction  do  diverge 
peatlj  in  the  acid^  starting  froiD  the  zinc  as  a  centre,  is  placed 
beyond  doubt  by  many  experiments  of  Mr.  Dantell.  A  small 
htD  of  zinc  suspended  in  a  hollow  copper  globe  lilled  with  acid, 
m  Ibe  arrangement  in  which  this  divergence  is  least  restrained, 
tod  was  found  to  be  the  most  effective  form  of  the  voltaic  circle- 
When  the  copper  too,  is  a  flat  plate,  and  wholly  immersed  in 
(be  acid,  the  back  is  found  to  act  as  a  negative  surface,  as  well 
m  the  face  directly  exposed  to  the  zinc,  showing  that  the  lines 
Qt  induction  iu  tlie  acid  expand  and  open  out  from  each  other, 
aome  bending  round  the  edge  of  the  copper  plate  and  terminating 
tbetr  action,  after  a  second  flexure,  on  its  opposite  side.  To 
ooQect  these  divei^ng  lines,  the  surface  of  the  copper  may  be 
iacreaaed  iiith  advantage  to  at  least   four  times  thut  of  tlie 

fiDC. 

(^)  The  polar  chains  of  molecules,  in  the  connecting  wires  and 
€iber  metallic  portions  of  the  circle,  must  be  equally  repulsive 
ot  each  other.  Hence  the  small  size  of  the  negative  plates  in 
Ihf  mtUve  oella,  and  of  the  platinum  plates  in  the  cell  of  decom- 
posilioii,  and  the  thinness  of  the  connecting  wires,  are  among 
dte  circumstances  which  diminish  the  number  of  polar  lines 
thMl  can  be  established,  and  impair  the  general  efficieucy  of  a 
haCiefy* 

€.  The  eSect  of  multiplying  the  active  cells  in  a  battery  is 
mH  to  increase  the  number  of  polar  chains,  or  quantity  of  in- 
duced particles,  but  to  increase  the  inicnsiiy  of  tlie  induction  in 
meh  chain  ;  although  this  increase  in  intensity  generally  aug- 
the  quantity  also,  in  an  indirect  manner,  by  overcoming 
or  leas  completely  such  obstacles  to  induction  as  have 
btcn  enumerated. 

7.  The  intensity  of  the  induction,  also,  is  much  greiiter  with 
aocoe  ziuoolytea  than  others.  Thus  a  single  pair  of  zinc  and 
pbtin^TTi  platea  excited  by  dilute  sulphuric  acid,  decompose 
I  af  poUsaium,  proto-chloride  of  tin  and  fused  chloride  of 


'..vcr.  ■•ic  :-.c  7i=f;  :ir:rt-  riJoride  or  iocbdf  rf  lad  or  scdodoD 

:  -uiU^Lii:;?    ;i    5-.*-:i.     W::L  the  additicni.  iicirrrer,   of  a  Gttii 

.::.  .u.--    .  ■-•=  ^>l.:l-^i:,  the  same  fiiiirit  ciTlff  decomposei 

...  :..c5c    •.■*.:t'^.  i.-.  1  r-Tti.  vat<T  itself.     Tiie  erointon  of  hydro- 

^-:.  ,1*  -ti  ::.*:  --r'ii.r"rt  iLe:iJ  i^  at  ibe  same  Tnnf  oppressed  by 

.':     .T^.«.    a-*.:-  Tii:-1  c.ienS'  a  secorjdanr  b^cc   on  tbftt  d^ 

^  V'-nr  .:■"!.*:.-  ,f  :!.*  :;iLr:ert:i:g  "wirs-,  aiif  ti*  separatum 
i  ■:>  .>.-r •:■..:■:.'-.•<  i:  ::;e  iDor:  roiz^ut^  di«tLiic«  m-s  each  other, 
>  -^'T'..-:-:".  :.  >:.r  ill  ir.zactaon  L:.d  ti-e  pcM^paeLgadon  of 
■X  Md.-  .\  .i:r-.-::.  In  iLe  i2c»st  pca-erfJ  Tcrhauc  battery 
..;;>•  A.-n.-.i'i^i-  :!-.:  -wL::*"::  Mr.  Dariiel  Itif-JT  coenled  withy 
.x..>i>::.\j:  .:"  s^Tfrrr  :»:"  Li?  l&rg^  cells,  t*:*  iDduction  WM 
.^.*ck;^^^>i  :v*  vass  wien  ihe  i^rniirjcj  -srlre*  -were  separated^  not 
■tiorv  :>.jii  :r-?  C'l.f  Ti^usiadih  of  an  ir:cb.  even  irhh  the  flame 
,•;  JL  >?.\T'.:-la!::::v  .  r  raztf  ed  tir  l>erween  ihem.  Absolute  oontMt 
^*t  :>c  wire*  wis  r.-:>.>e«sarT  :■:  esiabiisn  tLe  circulaxioa.  Bat 
Ai^r  cvvirw;  w:l5  r::3.5e,  ir.i  :he  nires  were  beaTe-d  to  whiteiMfl» 
:i*cy  Blight  be  seiMTite-i  to  a  smail  cistiisce  without  tta 
:*Ni\iotx*:*  beii*^  ::::err.:T^:ei  :  the  siMce  betTreeii  them  «• 
:>.C':  f.llo*:  y^.v.'  .*-'*.  2::*/::  :f  dirzlir^a:  li^ht,  curtaining  detBcbed 
^xc:.ole5  of  :l"e  wire  iv.  i  sTote  ^f  ir.:er.i.e  iiiTjitian.  whidi 
Nfc^rxr  k^u'.hI  to  prsxvt>i  fT^:r.i  the  Er.cc'id  to  the  chkioidi 
t>v  fv>T!v.er  u*:«;vc  iriTter,  ar.d  :he  c:r.er  acquiriDg  it.  So 
>"^i'.y  r\»\l  ;&  <uV<:..:..v  s.5  rlitii.un:  i<  carried  crom  pole  to 
iv-o  *.M  !^:*  ::v&v:Hr  :  Vv:  :he  :r2r>fcrtr.ce  of  maner  is  moi^ 
iviiMV\*Mc  \':^^^x''"  olirv.o^  p. le-s,  vr.ior.  may  be  sepantei 
JO  r*  0  j:»v,sU's:  ».::>:;i::».v,  £:..:  ir:r.i  :he  larjest  and  most  hrit 
>.u'U  .nvh  of  r.;;:v.o.  A  <:::..lir,  il:r.*j^-h  it  may  be  an  ez- 
v\\s.\'.\vv\  u:::v.;:o  ».:v:j.l\.:i:c:.:  cf  r-iirrtr.  is  found  to  aeoom* 
i\i\»\  liv  eUvirio  <i\srk  ::.  all  .^ir;-.:^ star.  1^5.  Hence,  tlie  elec- 
i*iv  -iiwA  AiMiiv*  co::ta;:.5  2::i::cr. 

y.  W  hc!^  !or::::::rvl  wires  oz  a  voltaic  ciro-e  are  grasped  in 
>>v  SavJs*  ihe  oiroui:  n:iy  be  cv:-::.rle!cd  by  the  fluids  of  tfce 
S,v\«  y?v\\*.eil  I  he  K2t:er\-  ccr.:;:^::s  a  consideiabie  nnrnbei 
vi  ^\<,*  **'.a  the  ir.ductio::  is  ^i  hi^h  unei.sity  :  the  nerrooi 
^w.v'v,  *.x  -.".cii  -;.:^Vv:e\:,  :':.c  >c:.sit;<.n  of  ::.c  eiectric  shock  beiD| 

UV  r  Ji'  A^v.v-.uoiir.i:  wire  i"ec\;r.ies  i.i^ted  precisely  in  pro 
!s.»:!.v:i  'A*  I'cv  :v«?  '  oolar  chains  established  in  it,  anc 

vv:i.v.\i.;c:itl>   1-*  }  '  *1^^  *iz<*  «Ji  the  ainc  plate;  anc 
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this  to  the  same  degree  from  the  induction  of  a  single  cell, 
•s  from  any  number  of  similar  cells.  Wires  of  different  metals 
sie  unequally  heated,  according  to  the  resistance  which  they 
o&r  to  induction.  The  following  numbers  express  the  heat 
evolved  by  the  same  circulation  in  different  metals,  as  obser^'ed 
Vy  Mr.  Snow  Harris. 


Hca 

L>rolred. 

RvaUUnce. 

SUvcr 

G 

1 

Copper 

6 

1 

Gold 

5) 

li 

Ziac 

18 

3 

Platinum 

30 

5 

Iron 

30 

5 

Tin 

36 

6 

Lead 

72 

1-' 

Brass 

10 

3 

The  conducting  powers  of  the  metals  are  inversely  as  these 
immben;  silver  being  a  better  conductor  than  plutiiiuni  in 
the  proportion  of  5  to  1  •  The  conducting  power  of  all  of  them 
b  found  to  be  diminished  by  heat. 

11.  As  a  portion  of  the  voltaic  circle,  tlic  conducting  wire 
soqpies  extraordinary  powers  of  another  kind,  which  can  only 
be  very  shortly  stated  here,  belonging  as  they  properly  do  to 
physics. 

(1)  Another  wire  placed  near,  and  parallel  to  the  conducting 
irire  has  the  polar  condition  of  its  molecules  disturbed,  and  an 
iadiiGtion  propagated  through  it  in  an  opposite  direction  to 
that  in  the  conducting  wire. 

(2)  If  the  conducting  wire  be  twisted  in  the  manner  of  a 
cork-screw  so  as  to  form  a  hollow  spiral  or  helix,  it  will  be 
found  in  that  form  to  represent  a  magnet,  one  end  of  the  heUx 
being  a  north,  and  the  other  a  soutli  pole ;  and,  if  niovealjle, 
will  arrange  itself  in  the  magnetic  meridian,  under  the  influence 
of  the  earth's  magnetism.  Its  poles  are  attracted  by  the  unlike 
poles  of  an  ordinary  magnet,  and  it  imparts  magnetism  to 
•oft  iron  or  steel  by  induction.  Two  such  helices  attract  and 
npel  each  other  by  their  different  poles,  like  two  magnets. 
Indeed  an  ordinary  magnet  may  be  viewed  as  a  body  having 
a  helical  chain  of  its  molecules  in  a  state  of  permanent  chc- 
mioo-polarity. 
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(8)   If  a  bar  of  soft  iron  bent  into  the  form  of  a  horse  dioe, 
with  a  copper  wire  twisted  spirally  round  it,  be  applied  fibs 
a  lifter  to  the  poles  of  a  permanent  magnet,  in  the  imtent 
of  the  iron  becoming  a  magnet  by  induction,  the  mcdecoiBi 
of  the  spiral  wire  become  chemico-polar,  and  when  contact  is 
broken  with  the  permanent  magnet,  and  the  soft  iron  oeaiM 
to  be  a  magnet,  the  wire  exhibits  a  polarity  the  reverse  of 
the  former.      By  a  proper  arrangement,  electric  sparks  sad 
shocks  may  be   pbtained  from  the  wire,  while  the  soft  ins 
included  within  it  is  being  made  and  unmade  a  magnet.    He 
magneto-electric  machine,  is  a  contrivance  for  this  purpose,  sad 
is  now  coming  to  supersede   the  old  electric  machine,  asi 
source  of  what  is  termed  electricity  of  tension.     Magnetic  lad 
electric  effects  are  thus  reciprocally  produced  from  each  other, 

(4)   When  the  pole  of  a  magnetic  needle  is  placed  near  die 
conducting  wire,  the  former  neither  approaches  nor  lecedei 
from  the  latter,  but  exhibits  a  disposition  to  revolve  round  U, 
The  extraordinary  and  beautiful  phenomena  of  electrical  roti- 
tion  are  exhibited  in  an  endless  variety  of  contrivances  and 
experiments.     As  the  magnetic  needle  is  generally  supported 
upon  a  pivot,  it  is  free  to  move  only  in  a  horizontal  plane, 
and  consequently  when  the  conducting  wire  is  held  over  or 
under  it  (the  needle  being  supposed  in  the  magnetic  meriditt)i 
the  poles  in  beginning  to  describe  circles  in  opposite  directiom 
round  the  wire,  proceed  to  move  to  the  right  and  left  of  il^ 
and  thus  deviate   from  the   true  meridian.     The  amount  of 
deviation   in   degrees  is  proportional  to  the  quantity  of  ct' 
culating  induction ;  and   may  be  taken  to  represent   it,  as  is 
done  in  a  useful  instrument,  the   galvanometer,  to   be  aftsi^ 
wards  described.     It  was  in   the   form   of  these    deflectioiis» 
that  the  phenomena  exhi])ited  by  a  magnet,  under  the  iniliienoe 
of  a  conducting  wire,  first  presented  themselves  to  Oersted 
in  1819. 

Fig.  22.  12.  Tliermo-electrical  phenomena  are  pro- 

duced from  the  effect  of  unequal  temperaftnie 
upon  metals  in  contact.  If  heat  be  applied  to 
the  point  e,  (Fig.  22.)  at  which  two  ban  of 
bismuth  and  antimony  b  and  a  are  soldefed 
together,  on  connecting  the  free  extremities 
by  a  wire,  the  whole  is  found  to  form  a  weak 
voltaic   circle,    with    the     induction  from   b 
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tfannigh  the  wire  to  a.  Hence  in  this  therroopolar  arrangement 
the  bismuth  is  the  negative  metal^  and  may  be  compared  to  the 
ooiq>er  in  tlie  voltaic  cell.  If  cold  instead  of  heat  be  applied  to 
Cf  a  current  also  is  established,  but  in  an  opposite  direction  to 
the  former.  Similar  circuits. may  be  formed  of  other  metals, 
which  may  be  arranged  in  the  following  order,  the  most  power- 
ful combination  being  formed  of  those  metals  which  are  most 
distant  firom  each  other  in  the  following  enumeration  :  bismuth, 
platinum,  lead,  tin,  copi)er  or  silver,  zinc,  iron,  antimony. 
When  heated  together,  the  current  proceeds  through  the  wire 
firom  those  which  stand  first  to  the  last  According  tu  Nobili, 
nmilar  circuits  may  be  formed  with  substances  of  which  tlic 
conducting  power  is  lower  than  that  of  the  metals. 

Several  pairs  of  bismuth  and  antimony  bars   may  be  asso- 
ciated  as  in  fig.  23,  and   the   extreme  bars  being  connected 
Fig.  23.  by  a  wire,  form  an  arrangement  re- 

sembling a  compound  voltaic  circle. 
Upon  heating  the  upper  junctions, 
and  keeping  the  lower  ones  cool,  or 
on  heating  the  lower  ones  and  keep- 
ing the  others  cool,  an  induction  is 
established  in  the  wire,  more  in- 
toise  than  in  tiie  single  pair  of  metals,  but  still  very  weak. 
The  conducting  mdre  strongly  affects  a  needle,  causing  a  de- 
iection  proportional  to  the  inequality  of  temperature  between 
the  ends  of  the  bars.  Melloni*s  thermo-multiplier  is  a  delicate 
instrument  of  this  kind,  which  is  even  more  sensitive  to 
diinges  of  temperature  than  the  air  thermometer,  and  has  af- 
fiiided  great  assistance  in  exploring  the  phenomena  of  radiant 
kat  (page  32). 

In  such  a  compound  bar,  also,  unequal  temperature  may  be 
produced,  by  making  it  the  connecting  wire  of  a  single  and 
weak  voltaic  circle ;  whereupon  the  metals  become  cold  at  their 
junction,  if  the  induction  is  from  the  bismuth  to  the  antimony, 
md  hot  at  the  same  point  if  the  induction  is  in  the  opposite 
direction.  These  are  the  converse  of  the  preceding  phenomena, 
in  which  electrical  effects  were  produced  by  incquaUty  of  tem- 
perature. 

13.  Tlie  friction  of  different  bodies  is  another  source  of 
dectrical  phenomena.  One,  at  least,  of  the  bodies  rubbed 
together  must  not  be  a  conductor,  and  in  general,  t9ro  non^ 


SSt 


INBUCnVlS  AFTINmr. 


conductors  are  used.  When  a  silk  handkerchief  or  a  pieca 
of  resin  is  rubbed  upon  glass,  both  are  found,  after  separaticm, 
in  a  polar  condition,  and  continue  in  it*  The  rubbing  surface 
of  the  glass  is  zinco-polar,  and  that  of  the  resin  or  silk  is 
chloro-polar,  and  a  molecular  polarization  is  at  the  same  time 
estalilished  through  the  whole  jnass  of  both  the  glass  and 
resin,  reaching  to  their  opposite  surfaces,  which  exhibit  the 
other  polarity.  The  powers  thus  appearing  on  the  two  rubbing 
surfaces,  being  manifestly  different,  were  distinguished  by  tlie 
names  of  the  bodies  on  which  they  are  developed,  that  upon 
the  glass  as  vitreous  electricity  (zincous  affinity),  and  that  upon 
the  resin  as  resinous  electricity  (chlorous  affinity). 

Jn  comparing  tlie  chemico- polarity  excited  by  friction  with 
that  of  the  voltaic  circle,  we  observe  that  the  former  is  of  high 
intensity  but  small  in  quantity,  or  affecting  ordy  a  small  number 
of  trains  of  molecules.  If  both  the  excited  vitreous  and 
resinous  surfaces  have  a  conducting  metal,  such  as  a  sheet  of 
tin-foil  apphed  to  them,  and  each  sheet  have  a  wire  proceeding 
from  it,  the  wires  and  tin-foU  are  polarized  similarly  to  the 
glass  and  the  resin  which  tliey  cover,  and  a  zincolyte  placed 
between  the  extremities  of  the  wires,  which  are  respectivdy 
a  zincoid  and  chloroid,  is  polarized  also^  and  decomposed*  Bui 
the  amoimt  of  decomposition,  which  is  a  true  measure  of  the 
quantity  of  induced  particles,  is  extremely  minute  campared 
with  the  amount  of  induction  in  the  voltaic  circle.  Thu^,  Mr, 
Faraday  lias  calculated  that  the  decomposition  of  one  gralA  of 
water  by  zinc  in  the  active  cell  of  the  voltaic  circle,  produces  ei 
great  an  amount  of  polarization  and  decomposition  in  the  eeU 
of  decomposition,  as  9jO,t)00  charges  of  a  large  Leydcn  battrrfi 
an  enormous  quantity  of  power,  equal  to  a  most  destructife 
thunder  storm.  The  polarization  from  iriction  is  tbciefine 
singularly  intense,  although  remarkably  deficient  in  quantilji 
or  in  the  number  of  molecules  allected. 

The  kinds  of  matter  susceptible  of  this  intense  polarisatioQ 


and  so  various,  such  as  glasS|  minends,  wood^ 
resins,  sulptiur,  oils,  air,  8i.c.,  as  to  make  it  difficult  to  siq»- 


arc  so  many, 


pose  that  the  polar  molecule  is  of  the  same  cbemicsl 
tut  ion  in  all  of  them,  as  it  is  in  the  zmcolytes  of  the  voltiie 
circle.  Indeed  it  must  be  admitted  that  all  matter  wbaterer 
tnay  be  forced  into  a  polar  condition,  by  a  mott  iatease  in* 


VOLTAIC  INSTRUMENT.  235 

dnction.    Uiider  sach  influence,  too^  the  molecale  appears  to 
be  indifferently  polar. 

Electrical  induction  at  a  distance,  Mr.  Faraday  has  shewn 
to  be  always  an  action  of  contiguous  particles,  chains  of  par- 
tides  of  air,  or  some  other  ^^  dielectric,"  extending;  between  the 
adted  body  which  is  inducing,  and  the  induced  body.  His 
investigation  of  ttiis  subject  led  to  tlie  remarkable  discovery 
that  the  intensity  of  electric  induction  at  a  constant  distance 
firom  the  inducing  body,  is  not  always  the  same,  but  varies 
in  different  media,  the  induction  through  a  certain  thickness  of 
ihdl-lac,  for  instance,  being  twice  as  great  as  through  the  same 
thickness  of  air.  Numbers  may  be  attached  to  different  bodies 
vlnch  express  their  relative  inductive  capacities  ^— 

Specific  inductive  capacity  of  air  .  .     1 

„  „  glass         .  .1.76 

„  „  shell-lac  .  .     2 

„  „  sulphur    .  .     2.24 

The  inductive  capacity  of  all  gases  is  the  same  as  that  of  air, 
ind  this  property,  it  is  remarkable,  does  not  alter  in  these 
bodies  with  variations  in  their  density. 

VOLTAIC  INSTRLMENTS. 

FoUaie  battery. — ^The  working  forms  of  the  battery  are  too 
numerous  to  be  individually  noticed.  That  form  only  need  be 
particularly  described  which  is  the  most  nearly  (lerfect,  and  which 
in  experiments  of  research  is  likely  to  supersede  all  others, — the 
Mutant  battery  of  Mr.  Daniell.  A  cell  of  this  battery  consists 
of  a  cylinder  of  copper  3  J  inches  in  diameter,  which  experience 
has  proved  to  the  inventor  to  afford  the  most  advantageous 
distance  between  the  metallic  surfaces,  but  which  may  vary 
m  height  from  (>  to  20  inches,  according  to  the  power  which  it 
is  wished  to  obtain.  A  membranous  bag  formed  of  the  gullet 
of  an  ox,  is  hung  in  the  centre  by  a  collar  and  circular  copper 
plate,  resting  \x\ion  a  rim  within  and  near  the  top  of  the 
cylinder ;  and  in  this  is  susi^ndcd  by  a  wooden  cross  bar,  a 
cylindrical  rod  of  amalgamated  zinc  half  en  inch  in  diameter. 
The  outer  cell  is  charged  with  a  mixture  of  8  measures  oc 
water  and  one  of  oil  of  vitriol,  which  has  been  saturated  with 
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sulphate  of  copper,  and  portions  of  the  solid  salt  are  plj 
upon    the   circular   copper   plate,    which    is    perforated   like-j 
colander,  for  the  purpose  of  keeping  the  solution  always  in- 
state of  saturation.     The  internal  tube  is  filled  with   the  same 
acid  mixture  without  the  salt  of  copper,     A  tube  of  por 
earthenware,  shut  at  the  bottom,  may  be  substituted  for 
membrane  with  great  convenience,  but  Mr.  Daniell  believes 
some  httle  luss  of  power.     A  section  of  the  upper  part  of  i 
of  these  cells  is  here  represented,  a  be  dis  (Fig.  24)  the  ejeter 
FiQ.  24,  copper   cylinder  j    e  f  g  h,   the  internal 

cylinder  of  earthenware,  and  /  m  the  rod 
of  amalgamated  zinc.  Upon  a  ledge  c  iy 
uithin  an  inch  or  two  of  the  top  of  the 
^  cylinder,  rests  the  cylindrical  colandeT  t Jt, 
which  contains  the  copper  salt,  and  both 
the  sides  and  bottom  of  which  are  perfe^ 
rated  with  holes.  A  number  of  such  cclU 
may  be  connected  into  a  compound 
cuit,  with  wires  soldered  to  the  cop| 
cyhnders,  and  fastened  to  the  zinc 
clamps  and  screws  as  shewn  belo| 
Fig.  25.  (Danieirs  Introduction  to 
mical  Philosophy,  page  410.) 
25^  In  this  instrun 

the  sulphate  of  stiti 
formed  by  the  sold 
tion  of  the  ainc  rd 
is  retained  in  the 
membranous  bag  i 
stoneware  cylijid€ 
and  prevented  from 
diffusing  to  the  cop- 
per  surface  ^  whiij- 
the  hydrogen^ 
stead  of  being  crol 
ed  as  gas  on  tlie  sur* 
face  of  the  latter  metal,  decomposes  the  oxide  of  copper  of 
the  salt  there,  and  occasions  a  deposition  of  metallic  copper 
on  the  copper  plate.  Such  a  circle  will  not  vary  in  iu 
action  for  hours  together,  which  makes  it  invaluable  in 
the  investigation  of  voltaic  laws.     It  owes  its  su])eriority  prin- 
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cii»ily  to  three  circamatances  .* — ^to  the  amalgamation  of  the 
Bnc  which  pievents  the  waste  of  that  metal  by  solution  when 
Ae  circait  is  not  completed ;  to  the  non-occurrence  of  the 
precipitation  of  sine  upon  the  copper  surface ;  and  to  the  com- 
plete absorption  of  the  hydrogen  at  the  copper  surface,  the 
adhesion  of  globules  of  gas  to  the  metallic  plates  greatly  di- 
minishing^ and  introducing  much  irr^;ularity  into  the  action 
of  a  circle. 

BMTm  battery  wnd  decompomng  celL — ^To  M.  Becquerel  we 
are  particularly  indebted  for  the  investigation  of  the  decom- 
posing powers  of  feeble  currents,  sustained  for  a  long  time,  the 
results  of  which  are  of  extreme  interest,  both  from  the  nature  of 
the  substances  that  can  be  thus  decomposed,  and  from  the  form 
in  which  the  elements  of  the  body  decomposed  are  presented^ 
the  slow  formation  of  these  bodies  permitting  their  deposition  in 
regular  crystals.*  Dr.  Golding  Bird  has  also  added  to  the 
number  of  bodies  decomposed  by  such  means,  and  contrived  a 
simple  form  of  the  battery,  which  with  BecquerePs  decomposing 
odl,  renders  such  decompositions  certain  and  easy,  and  forms 
indeed  the  voltaic  instrument,  perhaps  above  all  others,  the 
directly  useful  to  the  chemistf  The  decomposing  cell 
Fig.  26.  consists  of  a  glass  cylinder  a, 

,  ^  (Fig.  26)  within  another  glass 

\2^ml  \        /"^^    cylinder  b.    The  inner  cylin- 

der a  is  4  inches  long  and  1  \ 
linch  in  diameter,  and  is  closed 
at  the  lower  end  by  a  plug  of 
(plaster  of  Paris  0.7  inch  in 
^  thickness :  this  cylinder  is  fixed 
by  'means  of  wedges  of  cork 
within  the  other,  which  is  a 
plain  jar,  about  8  inches  deep 
by  2  indies  in  diameter.  A  piece  of  sheet  copper  r,  4  inches 
bmg  and  3  inches  wide,  having  a  copper  conducting  wire  sol- 
dered to  it,  is  loosely  coiled  up  and  placed  in  the  inner  cylin- 
der with  the  plaster  bottom :  a  piece  of  sheet  zinc  xr,  of  equal 
tise,  is  also  loosely  coiled,  and  placed  in  the  outer  cylinder; 
this  sine  likewise  being  furnished  with  a  conducting  wire.    The 


•  Traits  Exp^lmenUl  de  rEleclricit^  et  du  Magndlismc,  par  M.  Becquerel. 
t  PluL  Tnut.  1857,  p.  37. 
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outer  cylinder  is  then  nearly  filled  with  a  weak  solntion  of 
mon  salt,  and  the  inner  with  a  saturated  solution  of  sulphate  of 
copper.  The  two  fluids  are  prevented  from  mixing  by  the 
plaster  diaphragm,  and  care  being  taken  that  they  are  at  Um 
same  level  in  both  the  cylinders,  the  circle  will  afford,  on 
joining  the  wires,  a  continuous  current  for  weeks,  the  chhMrideef 
sodium  and  the  sulphate  of  copper  being  very  slowly  deoom- 
posed.  After  it  has  been  in  action  for  some  weeks,  chloride  d 
zinc  is  found  in  the  outer  cylinder ;  and  beautiful  crystiili  of 
metallic  copper,  frequently  mixed  with  the  ruby  subonde 
(closely  resembling  the  native  copper  ruby  ore),  with  hxgb 
ccystaU'  of  sulphate  of  soda,  are  found  adhering  to  the  copper 
plate  in  the  smaller  cylinder,  especially  on  that  part  where  it 
touches  the  plaster  diaphragm. 

The  decomposing  cell  is  the  counterpart  of  the  battery  itself 
consisting  like  it,  of  two  glass  cylinders,  one  within  the  otbefi 
the  smaller  one  c  having  a  bottom  of  plaster  of  Paris  fixed  into 
it :  this  smaller  tube  may  be  about  {  inch  wide  and  3  inches  in 
length,  and  is  intended  to  hold  the  metallic  or  other  solution  to 
be  decomposed,  the  external  tube  dy  in  which  the  other  is  im- 
mersed being  filled  with  a  weak  solution  of  common  salt.    In 
tlie  latter  solution  a  slip  of  amalgamated  zinc-i)late  z',   soldered 
to  the  wire  coming  from  the  copper  plate  c  of  the  battery,  is  im- 
mersed ;  and  a  slip  of  platinum  foil  />/,  connected  with  the  wire 
from  the  zinc  plate  z  of  the  battery,  is  immersed  in  the  liquor  of 
the  smaller  tube,  being  held   in   its  place  by  a  cork,  through 
which  its  wire  passes.     The  whole  arrangement  is  now  obvious- 
ly a  pair  of  active  cells,   of  which   c  z*  is  one  metallic  element, 
and  z  pi  the  other ;  and  the  fluid  between  z  and  c  divided  by  the 
porous   plaster  diaphragm,   one   fluid  element,    and  the  fluid 
between  z  and  ply   divided  by   a  porous   plaster   diaphragm, 
another  fluid  clement ;  altliough  it  will  be  convenient  to  speak 
of  the  last  as  the  cell  of  decomposition.     With  a  solution  of 
chlorides  or  nitrates  of  iron,   copper,  tin,   zinc,   bismuth,  anti- 
mony, lead  or  silver,  in   the  smaller  tube.  Dr.  Bird  finds  the 
metals  to  be  reduced  upon  the  surface  of  the  platinum,  generally 
but  not  invariably   in  possession  of  a  perfect  metallic  lustre, 
always  more   or  less  crystalline   and   often  very  beautifully  ao« 
The  crystals  of  copper  rival  in  hardness  and  malleability,  the 
finest  specimens  of  native  copper,  and  those  of  silver,  which  are 
needles,  are  white  and  very  brilliant.     The  solution  of  fluoride 
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«£  silicon  in  alcohol   being  introduced  into  tlie  small   tube  by 
Dr.  Bird,  a  deposition  of  silicon  \i\yovi  the  platinum  was  found 
to  take  place  in  24  Itours,  which  was  nearly  black  anil  granular 
ud  is  described  as  exhibiting  a  tendency  to  a  crystalline  form. 
From  an  aqueous  solution  of  the  same  fluoride^  a  deposition  of 
idatiiious  silica  was  observed  to  take  pljice  around  the  reduced 
olioon^  mixed  with  which,  or  precipitated  in  a  zone  on  the  sides 
ttf  the  tube,  especially  if  of  small  diameter,  frequently  appear 
aiijiote  crystalline  grains  of  silica  or  quartz,  of  sufficient  hard- 
0C88  to  scratch  glass,  and  appearing  translucent  under  the  mi- 
Otwcope.  Wtthamodificatian  of  the  decomposing  cell  described, 
l>r»  Bird  succeeded  in   decomposing  a    solution  of  chloride  of 
potassiuixiy  and  obtained  an  amalgam  of  potassium.     The  inner 
t^ibe  f,  was  replaced  by  a  small  glass  funnel,  the  lower  opening 
of  whieh  was  stopt  with  stucco,  and  which  thus  closed  retained 
I  veak  solution  of  the  alkaline  chloride   poured  into  it.     Every 
ttniig  external  to  this  funnel  remaining  as  usual,  mercury  con- 
laned  in  a  short  glass   tube,  like  a  thimble,  was  placed  in  the 
foimely  and  covered  by  the  liquid,  and  instead  of  the  platinum 
plate,  a  platinum  wire  coiled  into  a  spiral  at  the  extremity,  was 
{ihuiged  into  the  mercury,  the  other  end  of  this  wire  being  con- 
nected with  the  zinc  plate  r,  of  the  battery.     The  circuit  having 
been  tiiiis  completed,  the  mercury  had  swollen  in  eight  or  ten 
bwm  to  double  its  former  bulk,  and  when  afterwards  thrown 
iato  di&tilled  water,  evolved  hydrogen  and  produced  an  alkaline 
Mlotion,     A  solution  of  hydrochlorate   of  ammonia  being  sub- 
rtilxiled  for  tliat  of  chloride   of  potas?<ium,    in  this   experiment, 
tbe  metal  swells  to  5  or  6  times  its  bulk  in  a  few  hours,  and  the 
aioufluid  amalgam  of  ammonium  is  formed.     These  feeble  cur- 
Mita  thu*  effect  decompositions,    in  the  lapse  of  time,  whicli 
tnHeries  of  the  ordinary  form  and  considerable  magnitude,  may 
tffbet  very  imperfectly,  or  fail  entirely  in  producing. 

F6Ua^mtit*r, — ^The  decomposing  power  of  a  battery  is  re- 
pfesented  by  the  quantity  of  oxygen  and  hydrogen  gases  evolved 
in  a  cell  of  decomposition  containing  dilute  sulphuric  acid* 
Yolta-meter  is  simply  a  cell  so  charged,  and  of  a  proper 
to  allow  of  the  gases  evolved  being  collected  and  raea- 
,  One  of  the  simplest  forms  is  that  constructed  for  me 
r^  Young.  It  is  a  stout  eight  ounce  phial  (Fig.  27)j  through 
tlie  cork  of  which  two  platinum  wires  are  passed,  with  flat  plates 
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of  platinttin  attached  to  them  within  the  bottle,  fvliich 

Ff  o,  27-  the  terminal  plates  of  the  battery  when 

its  wires  are  thrust  into  the  cavities  of 
two  small  hollow  brass  cylindem  at* 
tached  externally  to  the  platinum  wires 
of  the  apparatus*  Tiie  gases  escape  by 
a  bent  glass  tube  fitted  into  the  cork 
the  bottle,  and  may  be  collected  ia 
graduated  jar  at  a  small  pneumatic 
trough.  In  this  instrument  steel  plates 
may  be  substituted  for  the  platinum, 
provided  a  solution  of  carbonate  of 
potash  be  used  instead  of  dilute  sul- 
phuric acid. 

Galvanometer.^ — The  sensibility 
the  magnetic  needle  to  the  influence  of  the  conducting  wire 
voltaic  circle  brought  near  it,  has  been  applied  to  the  con 
tion  of  an  instrument  which  will  indicate  the  feeblest  polarizi? 
tion  or  slightest  current  in  the  connecting  wire.  It  consists  of 
a  pair  of  magnetic  needles  (Fig,  28j  fixed  on  one  axis  with  their 
Fig,  28,  attracting  poles  opposite 

each  other^  so  as  to  leave 
them  little  or  no  direc- 
tive power  and  render 
them  astatic,  which  ts 
delicately  suspended  by  a 
single  fibre  of  unspun 
silk.  The  lower  needle  is 
enclosed  within  a  cirde 
formed  by  a  hank  of  co- 
vered wire,  of  which  th© 
extremites  a  and  h  termi- 
nate hi  little  cups  con- 
taining mercury.  When  the  terminal  wires  of  a  battery  ife 
introduced  into  the  same  cups^  the  hank  of  wire  of  the  gd^ 
vaiiometer  becomes  part  of  the  connecting  wire,  and  the  needlfi 
18  deflected.  The  inductions  proceeding  in  one  direction  aboTO 
the  needle  and  returning  in  the  opposite  direction  below 
needle,  conspire  to  produce  the  same  deflection  ;  and  tlie 
upper  needle  ha\Hng  its  poles  reversed^  is  deflected  in  the  same 
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dmstifln,  by  tbe  wire  bdow  it,  m  Ae  fewer  needle  ii  by  the 
wire  abore  it.  Every  tam  of  the  wire  also,  repeats  the  infla- 
fmat  upon  tbe  needfe,  ao  that  the  deflection  ia  increased  in 
preportion  to  the  nunber  of  turns  or  coils  in  the  hank  of 


PART   11. 

CHAPTER  L 
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OXYGEN. 


Equivalent  100,  or  S  on  hydrogen  scale ;  symbol  O ;  deuitl 
1102.6  {abr  =  1000) ;  cotnbinmg  measure  Q  {one  volume) 

Thb  following  thirteen  of  the  fifty-five  elementary  bo&i 
known  are  included  in  the  class  of  non-metallic  elemeiitift*^ 
oxygen,  hydrogen,  nitrogen,  carbon,  boron,    silicon, 
selenium,  phosphorus,  chlorine,  bromine,  iodine,  and 
Of  these,  oxygen,  from  certain  relations  which  it  bears  to  il 
the  others,  and  from  its  general  importance,  demands  our  fot 
attention.* 

The  name  oxygen  is  compounded  of  o(vc  add,  and 
generate,  and  was  given  to  the  element  of  which  I  am 
to  treat  by  Lavoisier,  with  reference  to  its  property  of  fbrniog 
acids  in  uniting  with  other  elementary  bodies.    Oxygen  k  i 
permanent  gas,  when  imcombined,  and  forms  one  fiftti  part  of 
the  air  of  the  atmosphere.    In  a  state  of  combination,  Aii 
element  is  the  most  extensively  diffused  body  in  nature,  uuttf 
ing  as  a  constituent  into  water,  into  nearly  all  the  eaitlis  aal 
rocks  of  which  the  crust  of  the  globe  is  composed,  and  inb 
all  organic  products  with  a  very  few  exceptions^    It  wu  fnt 
recognised  as  a  distinct  substance  by  Dr.  Priestley  in  iMi 
country,  in  1774,  and  about  a  year  afterwards  by  Scheekift 
Sweden,  without  any  knowledge  of  Priestley's  e: 
From  this  discovery  may  be  dated  the  origin  of  true 
theory. 

*  To  the  class  of  metals  an  addition  has  recently  been  made  by  the  disoOfWJif 
Lantane,  which  makes  the  55th  elementary  body.  (An.  de  Ch.  et  die  Ph.  t  7i^  p.  tt^) 
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PreparaiioH, — Oxygen  gas  is  generally  disengaged  from 
wmc  comiKiand  containing  it,  by  the  action  of  heat. 

I*.  It  was  first  procured  by  Priestley,  by  heating  red  preci- 
pitite  (peroxide  of  mercury,)  which  is  thereby  resolved  into 
duid  mercury  and  oxygen  gas.  To  illustrate  the  ftirniatiun  of 
OEcygea  in  this  way,  200  grains  of  red  precipitate  may  be  in- 
tiwluced  into  the  body  of  a  small  retort  a  of  hard  or  difficultly 

Fig.  29. 


fcnUe  glass,  and  tie  retort  united  in  an  air-tight  manner  with 
a  naall  globular  flask  A,  having  two  openings,  both  closed  by 
perfoTBted  corks,  one  of  which  admits  the  beak  of  the  retort, 
and  tlie  other  an  exit  tube  c,  of  glass,  hent  as  in  the  figure. 
The  extremity  of  the  exit  tube  is  introduced  into  a  graduated 
jir  cf,  capable  of  holding  50  or  60  cubic  inches,  and  placed  in 
an  inrerted  position,  fiill  of  water  upon  the  shelf  of  a  pneumatic 
mter-trotigh.  Heat  is  then  applied  to  the  retort,  by  means 
of  an  Argand  spirit  lamp,  powerful  enough  to  raise  it  to  a  red 
bat,  and  maintain  it  at  that  temperature  for  a  considerable 
The  first  effect  of  the  heat  is  to  expand  the  air  in  the 
'  ^^^s  of  which  issue  fi^om  the  tube  c,  and  rise  to  the 
lop  oi  ^  :  dj  displacing  water;  but  more  gas  follows,  which 
k  oxygen,  and  at  the  same  time  metallic  mercury  condenses 
ia  the  neck  of  the  retort  and  runs  down  into  the  intermediate 
Ivk  b*  When  the  red  precipitate  in  the  retort  has  entirely 
dsappeared,  the  lamp  may  be  extinguished,  and  the  retort 
to  cool  completely*  The  end  of  the  exit  tube  €  being 
dxnre  tlie  level  of  the  water  in  the  jar,  which  is  nearly  full 
of  gaa,a  portion  of  the  latter,  equal  in  bulk  to  the  air  which  firist 
kftlbr  retort,  will  return  to  it,  from  the  contraction  of  the 
gIM  within  the  retort.  The  jar  will  be  found  in  the  end  to 
4iJ  cubic  inches  of  gaa»  which   i**  therefore  the  measure 
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of  oxygen  produced  in  the  experiment,  and  the  flask  to  oontn 
184  grains  of  mercury.  Now  48  cubic  inches  of  oxygen  wq|^ 
16  grains ;  and  a  true  analysis  of  the  red  predpitate  has  bea 
effected,  of  which  the  result  is,  that  200  grains  of  that  sub- 
stance consist  of— 

184  grains  mercury. 
1(5      „      oxygen,  (48  cubic  inches.) 

200 

But  oxygen  gas  is  more  generally  derived  from  two  other 
substances,  oxide  of  manganese  and  chlorate  of  potash. 

2**.  When  the  gas  is  required  in  large  quantity,  and  enci 
purity  is  immaterial,  the  oxide  of  manganese  is  preferred  froai- 
its  cheapness.  This  is  a  black,  heavy  mineral  found  in  De- 
vonshire and  other  pai*ts  of  England,  and  of  which  upwtfdi 
of  40,000  tons  are  consumed  annually  in  the  manufactures  of 
the  country.  It  is  called  an  oxide  of  manganese,  because  it  ii 
a  compound  of  the  metal  manganese  with  oxygen.  In  eqds* 
nation  of  what  takes  place  when  this  substance  is  heated,  it  k 
necessary  to  state  that  manganese  is  capable  of  uniting  wA 
oxygen  in  several  proportions,  namely  one  equivalent,  or  MA 
parts  of  manganese,  with  100,  and  with  200  parts  of  ozygOji 
and  two  equivalents  of  manganese  with  300  oxygen.  Thc40 
compounds  are : — 

Protoxide  of  manganese  .         .     Mn  +  O. 

Deutoxide  ....  2Mn+30. 

Peroxide,  or  native  black  oxide      •     Mn  +  20. 

Now  the  peroxide  however  strongly  heated,  never  loses  oion 
than  one  third  of  its  oxygen,  being  converted  into  a  oompcyanl 
of  the  first  two  oxides,  that  is,  three  equivalents  of  pensvit 
(1638  parts)  lose  two  equivalents  of  oxygen  (200  parts),  isd 
leave  a  compound  of  one  of  deutoxide  and  one  of  protoxide  | 
a  change  which  may  be  thus  expressed  : — 

3^"<^2={Mn,03+MnO. 

One  of  the  malleable  iron  bottles  in  which  mercury  is  importedy 
is  readily  converted  into  a  retort,  in  which  the  black  adde  nasf 
be  heated,  by  removing  its   screwed  iron  stopper,  and  vs- 
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,       by  an  iron  pipe  of  three  feet  in  length,  one  end 

I  which  has  been  cut  to  the  screw  of  the  bottle,     Tliis  pipe 
ly  be  bent  like  a  in  the  figure,  if  the  bottle  is  to  be  heated 

Fig.  30. 


^ 


in  mn  open  fire  or  in  a  furnace  open  at  the  top.  From  3  to  9 
pmmdB  of  the  oxide  may  be  introduced  as  a  charge,  according 
yy  the  quantity  of  gas  to  be  prepared,  each  pound  of  the  best 
Sset^  manganese  yielding  about  1400  cubic  inches,  or  5.05 
gilkma  of  gas.  Upon  the  first  application  of  heat,  water  comes 
off,  as  steam,  mixed  with  a  gas  xvhich  extinguishes  flame; 
di»  IB  owing  to  the  impurity  of  the  oxide.  The  products  may 
lie  allowed  to  escape,  till  the  point  of  a  wood-match  red  without 
flttne,  applied  to  the  orifice,  is  not  completely  extinguished, 
Irat  rekindled  and  made  to  burn  vdth  brilliancy ;  tlie  gas  is 
then  attfficiently  pure^  and  means  must  be  Uiken  for  collecting 
iL  A  small  flexible  lead  tube  6,  of  any  convenient  length  is 
idqjted  to  the  iron  pipe,  by  means  of  a  perforated  cork,  by 
vUcfa  the  gas  is  conveyed  to  a  pneumatic  trough,  and  collected 
in  giasa  jars  filled  water,  as  in  the  former  experiment ;  or,  as 
this  process  affords  considerable  quantities  of  oxygen,  the  gas 
b  more  generally  conducted  into  the  inferior  cylinder  or  drum 
rf  a  copj>er  gas  holder  c,  full  of  water*  The  water  does 
ftfOi  flow  oat  by  the  recurved  tube  which  forms  the  lower 
upeoiogi  but  is  retained  in  the  vessel  by  the  pressure  of  the 
iiaiioipbere    on   the   surface  of  the    w^ater  in   tliat  tube,    as 
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water  is  retained  in  a  bird's  drinking  glass.  Bat  when  the  Icid 
tube  is  introduced  into  the  gas-holder  by  this  opening,  wttar 
escapes  by  it,  in  proportion  as  gas  is  thrown  into  the  cylindflTi 
and  rises  in  bubbles  to  the  top.  The  progress  of  filling  the 
gas-holder  may  be  observed  by  the  glass  gauge  tube  g^  which  ii 
open  at  both  ends,  and  connected  with  the  top  and  bottom  of 
the  cylinder,  so  that  the  water  stands  at  the  same  height  in  the 
tube  as  in  the  cylinder.  Convenient  dimensions  for  the  cylin- 
der itself  are  16  inches  in  height  by  12  in  diameter;  to  fill 
which  a  charge  of  three  pounds  of  manganese  may  be  used. 
The  gauge  tube  is  so  apt  to  be  broken,  or  to  occasion  leakige 
at  its  junctions  with  the  cylinder,  when  the  latter  is  lai^ge  and 
unvdeldy,  that  it  is  generally  better  to  forego  the  adyantme 
it  offers,  and  dispense  with  this  addition  to  the  gas-holder.  When 
applied  to  a  small  gas-holder,  the  ends  of  the  tube  are  conyeiUBBid^ 
adapted  to  the  openings  of  the  cylinder,  by  means  of  peiftntBd 
corks,  which  are  afterwards  covered  with  melted  sealing-wax. 

After  the  cylinder  is  filled,  the  lower  opening  by  which  the 
gas  was  admitted  is  closed  by  a  good  cork^  or  by  a  brass  mf 
-  made  to  screw  over  it.  The  superior  cylinder  is  an  open  water 
trough,  connected  with  the  inferior  cylinder  by  two  tubes  pro* 
vided  with  stopcocks,  m  and  n,  one  of  which  m  is  continued  to 
the  bottom  of  that  vessel,  and  conveys  water  firom  the  su- 
perior cylinder,  while  the  other  tube  n,  terminates  at  the  top 
of  the  inferior  cylinder,  and  affords  a  passage  by  which  the  ges 
can  escape  from  it,  when  water  is  allowed  to  descend  by  the  other 
Fig.  31.  tube.  The  tube  and  perforation  of  the  stopcock  of » 
a^  should  be  considerably  wider  than  n.  A  jar  a  is  filled 
._\  with  gas  by  inverting  it  fiiU  of  water  in  the  superior 
\^^  cylinder,  over  the  opening  of  n,  as  exhibited  in  the 
i— i.  figure,  and  allowing  the  gas  to  ascend  from  the  infe- 
^yj  rior  cylinder.  Gas  may  likewise  be  obtained  by  the 
^  (-  j  stopcock  /  (Figure  30)  water  being  allowed  to  enter 
111  t  "*  by  m  at  the  same  time. 
Oxygen  may  likewise  be  disengaged  firom  oxide  of  manga- 
nese in  a  flask  or  retort,  by  means  of  sulphuric  acid  dilated 
with  an  equal  bulk  of  water,  but  this  is  not  a  process  to  be 
recommended.  When  only  a  small  quantity  of  oxygen  is  re- 
quired, it  is  better  to  have  recourse  to  chlorate  of  poteshy 
which  has  also  the  advantage  of  giving  a  perfectly  pure 
gas. 
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IP*  A  well  deansed  Florence  oil  flask,  the  edges  of  the 
nth  of  which  have  been  heated  and  turned  over  so  as  to 
a  a  lip,  wiUi  a  bent  glass  tube  and  perforated  cork  fitted 
it,  as  ID  tlie  figure,  forms  a  convenient  retort  in  which 
wit  half  an  ounce  of  chlorate  of  potash  may  be  heated  by 
of  the  Argand  spirit  lamp.  The  salt  melts,  although  it 
Fig.  32,  contains  no  water^  and 

when  nearly  red  hot, 
emits     al>undance    of 
oxygen  gas.      At  one 
point  of  the  decompo- 
sition J  the  effervescence 
may  become  so  violent 
as  to  burst  the  flask, 
especially   if  tlie  exit 
tube  be  narrow,  unless 
the  heat  be  moderated, 
Tlie  chlorate  of  potash 
with  all  the  oxygen  it  possesses,  which  amounts  to  37 
ent.  of  its  weight,  and  leaves  a  white  hard  salt,  the  chloride 
iom.     From  an  atomic  statement  of  the  composition 
I  8alt»  one   equivalent  of  it  (15S2  parts)  will  be  observed 
tain  six  eqoivalents  of  oxygen   (600  parts),  five  in  the 
acid  and  one  in  the  potash,  the  whole  of  which  come  ofl^, 
an  equivalent  of  cldoride  of  potassium  (982  parts) : — 

K04.C10,=  {^0ci. 

oanoe  of  chlorate  of  potash  should  yield   270  cubic 

nearly  a  gallon  of  pure  oxygen  gas. 

iieM, — Oxygen  gas  is  colourless,  and  destitute  of  odour 

It  is  heavier  than  air  in  the  ratio  of  1 102.6*  to  KXKJ 

to  the  weighings  of  Dulong  and  Berzelius ;  100  cubic 

■  air  being  taken  to  weigh  3  i  grains  at  the  temperature 

?aiid  with  the  baromet-er  at  30  inches,  1 00  cubic  inches 

gas  will  therefore  weigh  34.18  grains.     One  cubic 

tOuMiS  or  very    nearly   I -3rd  of  a  grain.     It  has 

liquefied    by    cold    or    pressure.       Oxygen    is   so 

jly  sohible  in  water,  that  when  agitJited  in  contact  with 

iaid  no  perceptible  diminution  of  its  volume  takes  place. 

rhco  water   is  jireviously  deprived  of  air  l>y  boiling,   100 
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cubic  inches  of  it  dissolve  three  and  a  half  cubic  inches  of  tiis 
gas. 

If  a  lighted  wax  taper  attached  to  a  copper  ^dre  be  bioim 
out,  and  dipped  into  a  vessel  of  oxygen  gas,  vrhile  the  wick 
remains  red  hot,  it  instantly  rekindles  with  a  slight  ex]ikMioi% 
and  burns  with  great  brilliancy.     If  soon  withdrawn  and  bliwni 
out,  it  may  be  revived    again   in  the  same  manner,  and  the 
experiment  be  repeated  several  times  in  the  same  gas.     Lighted 
tinder  burns  with  flame  in  oxygen,  and  red-hot  charcoal  with 
brilliant  scintillations.     Burning  sulphur  introduced  into  this  gu 
in  a  little  hemispherical  cup  of  iron -plate  with  a  wire  attached 
to  it,  bums  with  an  azure  blue  flame  of  considerable  intensity* 
Phosphorus  introduced  into  oxygen  in  the  same  manner,  boms 
with  a  dazsling  light  of  the  greatest  splendour,    particuliily 
after  the  phosphorus  boils  and  rises  through  the  gas  in  vapour. 
Indeed  all  bodies  which  bum  in  air,  burn  with  increased  vi- 
vacity in  oxygen  gas.     Even  iron  wire  may  be  burned  in  thi» 
gas.     For  tliis  purpose  thin  harpsichord  wire  should  be  cxnkd 
about  a  cylindrical  rod  into  a  spiral  form.     The  rod  being  with- 
drawn, a  piece  of  thread  must  be  twnsted  about  one  end  of  tlii 
wire,  and   dipped  into  melted  sulphury  the  other  end  of  the 
wire  is  to  be  fixed  into  a  cork,  so  that  tlie  spiral  may  hang 
vertically.     The  sulphured  end  is  then  to  be  lighted,  and  the 
wire  suspended  in  a  jar  of  oxygen,  open  at  the  bottom,  such  as 
that  represented  in  Fig.  page  246,  supported  upon  an  earthenware 
plate.     The  wire  is  kindled  by  the  sulphur,  and  burns  with  m 
intense  white  light,  throwing  out  a  number  of  sparks,  or  oo* 
casionally  allowing  a  globule  of  fused  oxide  to  fall ;  while  the 
wire  itself^  continues  to  fuse  and  burn  till  it  is  entirely  cxm- 
sumed,  or  the  oxygen    is   exiiausted.     This  experiment  forms 
one   of  the  most   beautiful   and   brilhant  in  chemistry.    The 
globules  of  fused  oxide  are  of  so  elevated  a  temperatiupe,  thai 
they  remain  red-hot  for  some  time  under  the  suriface  of  water^ 
and  fuse  deeply  into  the  substance  of  the  stoneware  plate  apom 
which  they  fall. 

Oxygen  gas  is  respirable,  and  indeed  is  constantly  takeo 
into  the  lungs  from  the  atmosphere  in  ordinary  respiimtaoo. 
When  a  portion  of  dark  blood  drawn  from  a  vein  is  agitalMl 
with  this  gas,  the  colour  becomes  of  a  6ne  vermilion  red.  The 
same  change  occurs  in  the  blood  of  living  animals^  during  rcapt* 
ration^  from  the  absorption  of  oxygen  gas^  which  ia  bdiened 
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Id  maiiitiiiii  tlie  aoimal  beat  ia  part*  A  nmail  animal^  also,  such 
is  a  mouse  or  bird,  lives  four  or  live  times  longer  in  a  vessel  of 
mjfguk  than  it  will  iti  an  equal  bulk  of  air.  But  the  continued 
iJipiiriKlioti  of  this  gas  in  a  state  of  purity  is  injurious  to  animal 
¥&  A  rabbit  is  found  to  breathe  it  without  inconvenience  for 
nne  time,  but  after  an  interval  of  an  hour  or  more,  the  circu- 
hftiott  and  respiration  are  much  quickened;  and  a  state  of 
grcftt  excitement  of  the  general  system  supervenes ;  this  is  by 
nd  by  followed  by  debility,  and  death  occurs  in  from  six  to 
ten  hour».  The  blood  is  found  to  be  highly  florid  in  the  veins 
m  wcU  as  the  arteries,  and  the  heart,  according  to  BroughtoUi 
exsntinaes  to  act  strongly  after  the  breathing  has  ceased. 

Oxygen  may  be  made  to  unite  with  all  the  other  elements 
Bkript  fluorine,  and  forms  oxides^  while  the  process  of  uniting 
Vn  orxygen  is  termed  oxidaiioifu  With  the  same  element 
oxygen  often  unites  in  several  proportions,  forming  a  series  of 
■IdeSy  which  are  then  distinguish t;d  from  each  other  by  the 
Sftrent  prefixes  enumerated  under  chemical  notnentiaiure 
{ga^  BB*)  Many  of  its  compounds  are  (unds,  particularly 
which  contain  more  than  one  equivalent  of  oxygen  to 
of  the  other  element,  and  compounds  of  this  nature  are 
which  il  most  readily  forms  with  the  non-metallic  ele- 
such  as  carbonic  acid  with  carbon,  sulphurous  acid  with 
■dpbar,  phosphoric  acid  with  phosphorus.  But  oxygen  unites 
ia  preference  with  single  equivalents  of  a  large  proportion  of 
Ibe  iDielaJlsc  class  of  elements,  and  forms  bodies  which  are 
ift^gne  or  have  the  character  of  bases,  such  as  potash,  lime, 
protoxide  of  iron,  &c.  A  certain  number  of  its 
are  neither  acid  nor  alkahne,  and  are  therefore 
nemirai  bodies,  such  as  the  oxide  of  hydrogen  or  water, 
aib<mic  oxide,  Mid  nitrous  oxide.  The  greater  number  of 
tlMse  neutral  oxides  are  also  protoxides. 

It  has  already  been  stated  that  in  a  dassiiication  of  the 
riemects  oxygen  does  not  stand  alone,  but  forms  one  of  a  small 
family  along  with  sulphur,  selenium  and  tellurium 
142.)  These  elements  also  form  acid,  basic  and  neutral 
of  compotmds,  with  the  same  bodies  as  oxygen  does, 
iif  which  the  sulphur  compounds  are  well  known ,  and  always 
ahibtt  a  well-marked  analogy  to  the  corresponding  oxides. 
Oxygen  acids  unite  with  oxygen  bases,  and  form  neutral  salts^ 
m  da   sulphur    acids    with     sulphur    bases,    selenium  acids 
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with  gelenium    bases,    and    telluriam    adds    widi   teUnriini 


The  combinations  of  oxygen,  like  those  of  all  other  bodiBi^  j 
are  attended  with  the  evolution  of  heat.  This  leanll^  ^riiich  ii  ; 
often  overlooked  in  other  combinations,  in  which  the  propop- 
tions  of  the  bodies  uniting  and  the  properties  of  thrir  csom- 
poimds  receive  most  attention,  assumes  an  unusual  degree  of 
importance  in  the  combinations  of  oxygen.  The  eoonomiod  > 
applications  of  the  light  and  heat  evolved  in  these  oomlmiip 
tions  are  of  the  highest  consequence  and  value,  and  ood- 
dation  alone  of  all  chemical  actions  is  practised^  not  for  die 
value  of  the  products  it  affords,  and  indeed  without  nfe- 
rence  to  them,  but  for  the  sake  of  the  incidental  phcBih 
mena  attending  it.  Of  the  chemical  combinations  too,  whidi 
we  habitually  witness,  those  of  oxygen  are  infinitely  dN 
most  frequent,  which  arises  from  its  constant  presence  and  in- 
terference, as  a  constituent  of  the  atmosphere.  Hence,  when 
a  body  combines  with  oxygen  it  is  said  to  be  burned;  and 
instead  of  undergoing  oxidation,  it  is  aaid  to  sufier  co$nbu$iimi 
and  a  body  which  can  combine  with  oxygen  and  emit  beat  ii 
termed  a  combustible.  Oxygen,  in  which  the  body  bums,  ii 
then  said  to  support  combustion,  and  called  a  supporter  of 
combustion. 

The  heat  evolved  in  combustion  is  definite,  and  can  be  inea- 
sured.  With  this  view,  it  is  employed  to  melt  ice,  to  raise  tlie 
temperature  of  water  firom  32®  to  21 2®,  or  to  convert  water 
into  steam,  and  its  quantity  estimated  by  the  extent  to  whidi 
it  produces  these  effects.  The  heat  from  the  oxidation  of  a 
combustible  body  is  thus  found  to  be  as  constant  as  any  other 
of  its  properties.  Despretz  obtained,  by  such  experiment^ 
the  results  contained  in  the  following  table  :— 

HBAT    FROM    COMBUSTION. 

1  pound  of  pure  charcoil beato  ftom  32o  to  2l2o,  78         l\m.  otmltm' 

„  charcoal  from  wood      ....  ,,  »•         *f      75  w       w 

M  baked  wood t*  »»••*  nw 

„  wood  coDtaioing  20  per  cent,  of  water  „  ••         m      37  mm 

„  bltumlnouB  coal  ....  •>  »»         t»      <M)  ■•        » 

„  turf »         »      26toM  »       M 

„  alcobol >»  •»         *i      ^•^  w       ■• 

„  oUre  oil,  wax,  &c „  »         >.      M  to  95  «       » 

„       „  ether ,.         „      80  »       •• 

„       „  hydrogen »         »     336.4  „       « 

The  quantity  of  heat  evolved  appears  to  be  connected  with 
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ite  proportion  of  oxygen  consamed^  for  the  greater  the  weight 
of  oxygen  with  which  a  pound  of  any  combustible  unites,  the 
iDore  beat  is  produced.  The  fallowing  results  indicate  that 
dte  heat  depends  exclusiTely  upon  the  oxygen  consumed,  four 
aSsraiit  conibustibles  in  consuming  a  pound  of  oxygen  afibrd- 
mg  neftilf  the  same  quantity  of  heat : — 


H«AT   FEOM    COMBUSTION. 


of  osyjcn  wfth  brdrog«n  beaU  £rciin  US'  to  31>,  29|  Ibt.  at  water. 
M  M       wtKbch«rco4l  ,,  ,,         „      39       M       >• 

M  •*       with  aJcohol  „  ^         „      3ii       ^       „ 

»  „       witbethef  ,,  n         **      ^     «        •• 

The  qaaotity  of  combustible  consumed  in  these  experiments 
csonsiderably,  but  the  oxygen  being  the  same,  the  heat 
was  nearly  the  same  also.  But  when  the  same  quan- 
tity of  0X3^n  converted  phosphorus  into  phosphoric  acid, 
cactiy  twice  as  much  heat  was  evolved,  according  to  Despretz, 
tsin  the  former  experiments.  It  is  doubtful  whether  these 
obtomtioiLS  will  lead  to  any  general  conclusions;  but  it  is 
that  the  coincidences  which  they  exhibit  merit  atten- 
The  superior  vivacity  of  the  combustion  of  these  and 
bodies  in  pure  oxygen,  compared  with  air,  depends  en- 
tintf  upon  the  increased  rapidity  of  the  process,  and  the  larger 
of  combustible  oxidated  in  a  given  time.  A  candle 
1  with  more  light  and  heat  in  oxygen  than  in  air,  but  it 
proportionally  faster. 
Qiidation  is  often  a  very  slow  process  and  imperceptible  in 
its  progress,  as  in  the  rusting  of  iron  and  tarnishing  of  lead 
exposed  to  the  atmosphere*  The  heat  Ijeing  then  evolved  in 
A  TCiy  gradual  manner  is  dissipated  and  never  accumulates. 
Bat  when  the  oxide  formed  is  the  same,  the  nature  of  the 
effected  is  no  way  altered  by  its  slowness.  Iron  oxi- 
iptdly  when  introduced  in  a  state  of  ignition  into  oxygen 
pi,  and  lead,  in  the  form  of  the  lead  pyrophorus,  which  con* 
tautt  that  metal  in  a  state  of  high  di\dston,  takes  fire  sponta- 
niOiisljr  and  bums  in  the  air,  circumstances  then  favouring  the 
Afid  progretis  of  oxidation. 

Qxidatiofi  may  also  go  on  with  a  degree  of  rapidity  sufficient 
to  oocssion  a  sensible  evolution  of  heat,  but  without  fiame  and 
Ofic&Gomhastion.  The  absorption  of  oxygen  by  spirituous  liquors 
in  beoomlsig^  ocetic  acid,  and  by  many  other  organic  substances, 
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is  always  attended  with  the  production  of  heat.  Tlie  imonl- 
dering  combustion  of  iron-pyrites  and  some  other  metallic 
ores  in  the  atmosphere,  is  a  phenomenon  of  the  same  nature. 
Most  bodies  which  bum  with  flamci  also  admit  of  being  oxi- 
dated at  a  temperature  short  of  redness,  and  exhibit  the  phe- 
nomenon of  low  combustion.  Thus,  tallow  thrown  upon  an  iron 
plate  not  visibly  red-hot,  melts  and  undergoes  oxidation,  dif- 
fusing a  pale  lambent  flame  only  visible  in  the  dark  (Dr.  C.  J. 
B.  Williams).  If  the  tallow  be  heated  in  a  little  cup  with  a 
wire  attached,  till  it  boils  and  catches  flre,  and  the  flame  tfaea 
be  blown  out,  the  hot  tallow  will  still  continue  in  a  state  of  low 
combustion,  of  which  the  flame  may  not  be  visible,  but  which 
is  sufficient  to  cause  the  renewal  of  the  high  combustion,  if  Ae 
cup  is  immediately  introduced  into  a  jar  of  oxygen  gas.  A  candb 
newly  blown  out  is  sometimes  rekindled  in  oxygen,  altfaoog^ 
no  point  of  the  wick  remains  red,  owing  to  the  continuance  of 
this  low  combustion.  When  a  coil  of  thin  platinum  wire,  or  a 
piece  of  platinum  foil  is  first  heated  to  redness  and  then  hdd 
over  a  vessel  containing  ether  or  hot  alcohol,  the  vapours  ef 
these  substances,  mixed  with  the  air,  oxidate  upon  the  hot 
metallic  surface,  and  may  sustain  the  metal  at  a  red  heat  for 
a  long  time,  without  the  occurrence  of  combustion  with  flame. 
The  product,  however,  of  the  low  combustion  of  these  bodies 
is  peculiar,  as  is  obvious  from  its  pungent  odour. 

Combustion  in  air. — ^Tlie  affinity  for  oxygen  of  all  ordinary 
combustibles  is  greatly  promoted  by  heating  them,  and  is  in- 
deed  rarely  developed  at  all  except  at  a  high  temperature.  Henoe^ 
to  determine  the  commencement  of  combustion,  it  is  commonlj 
necessary  that  the  combustible  be  heated  to  a  certain  point 
But  the  degree  of  heat  necessary  to  inflame  the  combustible, . 
is  in  general  greaUy  inferior  to  what  is  evolved  during  the 
progress  of  tiie  combustion,  so  that  a  combustible,  once  in- 
flamed, maintains  itself  sufficienUy  hot  to  continue  burning 
till  it  is  entirely  consumed.  Here  the  dificrence  may  be  ob- 
served between  combustion  and  simple  ignition.  A  bride 
heated  till  it  is  red-hot  in  a  fiimace,  and  taken  out,  exhibits 
ignition,  but  has  no  means  within  itself  of  sustaining  a  hig^ 
temperature,  and  soon  loses  the  heat  which  it  had  acquired  in 
the  fire,  and  on  cooling  is  found  unchanged.  The  oxidaUe 
constituents  of  wood,  coal,  oils,  tallow,  wax,  and  all  the  or- 
dinary combustibles  are  the  same,  carbon  and  hydrogen,  which 
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combining  with  oxygen,  at  a  high  temperature,  always  pro- 
dare  csuiionic  acid  and  water,  w^!uch  being  volatile  disappear, 
fjnning  part  of  the  heated  aerial  column  that  rises  from  the 
btuning  body.  The  const-ant  removal  of  the  product  of  oxida- 
tiom,  thus  effected  by  its  volatihty,  greatly  favours  the  progress 
rf  combustion  in  such  bodies,  by  permitting  the  free  access  of 
'  to  the  unconsumed  combustible.  The  interference  of  air 
oombostion  ia  obvious  from  the  facility  with  which  a 
19  diecked  or  extinguished  when  the  supply  of  air  is 
or  withheld,  and,  on  the  contrary,  revived  and 
inhinited  when  the  supply  of  air  is  increased  by  blowing  upon 
For  the  oxygen  of  the  air  being  consumed  in  combining 
ih  the  combustible,  a  constant  renew^al  of  it  is  necessary. 
if  a  lighted  taper,  floated  by  a  cork  upon  water,  be 
with  a  bell  jar  having  an  opening  at  top,  such  as  that 
which  ihc  iron-wire  was  burned,  the  taper  will  bum  for  a 
ihort  time  without  change,  then  more  and  more  feebly,  in 
proportion  as  the  oxygen  is  exhausted,  and  at  last  will  expire, 
TTie  lir  remaining  in  the  jar  is  no  longer  suitable  to  support 
eombostion^  and  a  second  lighted  ta|)er  introduced  into  it  by 
tire  opening  at  top,  is  immediately  extinguished. 

In  combustion,  no  loss  w*hatever  of  ponderable  matter  occurs ; 
nodntig  is  annihilated.  The  matter  formed  may  always  be 
eoOected  without  difficulty,  and  is  found  to  have  exactly  the 
weljgfat  of  the  oxygen  and  combustible  together  which  have  dis- 
qppeucd.  The  most  simple  illustrations  of  this  feet  are  ob- 
tiaed  in  the  combustion  of  those  bodies^  which  afford  a  solid 
froduct,  Tlius  when  2  grains  of  phosphorus  are  kindled  in  a 
tammxTtd  volume  of  oxygen  gas,  they  are  found  converted  aflter 
eombustion  into  a  quantity  of  white  powder  (phosphoric  acid), 
which  weighs  4|  grains,  or  the  phosphorus  acquires  2l  grains  ;  at 
the  ftttoe  time  7i  cubic  inches  of  oxygen  disappear  which  weigh 
exacdy  2|  grains.  In  the  same  way  when  iron  wire  is  burned 
in  QXfgmf  the  weight  of  solid  oxide  produced  is  found  to  be 
cqoiJ  to  that  of  the  wire  originally  employed  added  to  that 
of  the  mcygen  gas  which  has  disappeared.  But  the  oxida- 
tion  of  mercury  affords  a  more  complete  illustration  of  what 
fMum  in  combustion.  Exposed  to  a  moderate  degree  of  heat 
lor  a  considerable  time  in  a  vessel  of  oxygen,  that  metal  is 
oonTerted  into  red  scales  of  oxide,  which  possess  the  additional 
vaght  of  a  certain  volume  of  oxygen  which  has  disappeared. 
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But  if  the  oxide  of  mercury,  so  produced,  be  tiien  pat  into  a 
small  retort,  and  reconverted  by  a  red  heat  into  oxygen  and 
fluid  mercury,  the  quantity  of  the  oxygen  emitted  is  found  to 
be  the  same  as  had  combined  with  the  mercury  in  the  first  pot 
of  the  operation,  thus  proving  that  oxygen  is  really  present  in 
the  oxidized  body. 

The  evolution  of  heat,  which  is  the  most  striking  pheno- 
menon of  combustion,  still  remains  to  be  accounted  for.  It 
has  been  referred  to  the  loss  of  latent  heat  by  the  combustible 
and  oxygeni;  when,  from  the  condition  of  gas  or  liquid,  they 
become  solid  after  combustion  ;  to  a  reduction  of  capadtj 
for  heat,  the  specific  heat  of  the  product  being  supposed  to  be 
less  than  that  of  the  bodies  burned ;  to  a  discharge  of  the  dec- 
tricities  belonging  to  the  different  bodies,  occurring  in  the  set 
of  combination.  But  the  first  two  hypotheses  are  manifestlj 
insufficient,  and  the  last  is  purely  speculative.  The  evolution 
of  heat  during  intense  chemical  combination,  such  as  oxidatioii, 
may  be  received  at  present  as  an  tdtimate  fact;  but  if  we  choose 
to  go  beyond  it,  we  may  suppose  that  the  heat  exists  in  a  ooni- 
bined  and  latent  state  in  either  the  oxygen  or  combustible^  or 
in  both,  that  each  of  these  bodies  is  a  compound  of  its  materiil 
bases  with  heat,  the  whole  or  a  definite  quantity  of  which  they 
throw  off  on  combining  with  each  other.  Heat,  like  other  ma- 
terial substances,  is  here  supposed,  not  to  evince  its  peculiar 
properties  while  in  a  state  of  a  combination  with  other  matter, 
but  only  when  isolated  and  free.  This  view  gives  a  literal  disr 
racter  to  the  expressions,  Uberation,  disengagement,  and  ero- 
lution  of  heat  during  combustion.  The  phenomenon,  it  is  to 
be  remembered,  is  not  confined  to  oxidation,  but  occurs  in  an 
equal  degree  in  combinations  without  oxygen,  and  indeed  to  m 
greater  or  less  extent  in  all  chemical  combinations  whatever. 

Uses. — Pure  oxygen  has  not  as  yet  found  any  considenbla 
application  in  the  arts.  But  by  the  chemist  it  is  applied  to 
support  the  combustion  of  hydrogen  gas,  in  producing  inteoso 
heat.  A  more  considerable  application  of  it  is  likely  to  ansa 
in  the  combustion  of  oil  in  the  lamp  of  Mr.  Gurney,  to  prodnee 
an  intense  Ught  suitable  for  marine  light- houses.  In  thia  lamp^ 
which  is  an  Argand  with  several  concentric  wicks,  oxygen  gaa 
from  a  gasometer  is  admitted  into  the  centre  of  the  flame,  and 
is  found  to  produce  so  much  more  light  than  air  does,  firom  the 
combustion  of  the  same  quantity  of  oil,  as  fully  to  compensate 
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kf  Ibe  cost  of  the  oxygen.  Where  a  large  quantity  of  oxygen 
Ipequiredt  as  in  this  application  of  it,  the  gas  may  be  obtained 
ealing  oxide  of  manganese  in  a  cylinder  of  cast  iron  snp- 
inrted  orcr  a  furnace,  like  the  retort  for  coal  gas.  The  calcined 
onde  does  not  regain  its  oxygen  when  afterwards  exposed  to  the 
m^ms  was  once  supposed^but  would  still  be  of  some  value  in  the 
fnpantion  of  chlorine. 


SECTION  11. 
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Eqidvaieni  12.5  {oxygen  100),  or  1  as  the  bases  of  the  hijiiro- 
ym  fcofe :     st^mbol  H ;     density  69     {air    lOOO) ;    combining 
r  [~  I    I  {(wo  volumes.) 


Hydrogen  gas,  which  was  long  confounded  with  other  in- 
inamable  airs,  was  first  correctly  described  by  Cavendish,  in 
l|66.  It  does  not  exist  uncombined  in  nature^  at  least  the 
ibnospliere  does  not  contain  any  appreciable  proportion  of 
lydrogen*  But  it  is  one  of  the  elements  of  water,  and  enters 
biP  neariy  every  organic  substance.  Its  name  is  derived  from 
•Imp,  wateT}  and  yiwaw^  I  generate^  and  refers  to  its  forming 
VBter  when  oxidated. 

Preparation, — ^This  element,  although  resembling  oxygen  in 
a  gas,  appears  to  be  more  analogous  to  a  metal  in  its 


dKinical  properties.  By  heating  oxide  of  mercury,  we  have 
iieii  it  resolved  into  oxygen  and  mercury ;  and  several  other 
aietftlHe  oxides^  such  as  those  of  silver  and  gold^  are  susceptible 
of  m similar  decomposition.  But  some  others  are  deprived  of 
only  a  portion  of  their  oxygen  by  the  most  intense  heatj  such 
IS  penmde  of  manganese  ;  and  many,  such  as  the  protoxide  of 
leadf  are  not  decomposed  at  all  by  simple  calcination.  By 
ijputiftg  the  latter  oxide,  however,  mixed  with  charcoal^  its 
QKygen  go^  oflF  in  combination  with  carbon,  as  carbonic  oxide, 
Sid  tiie  lead  is  left.  The  oxide  of  hydrogen  or  water  is  in  the 
SUBS  esse*  Heat  alone  does  not  decompose  it.  But  potassium 
sud  socUitm  brought  into  contact  with  it,  at  the  temperature  of 
tliesxr,  combine  with  its  oxygen,  and  are   converted  into  the 

potash  and  soda ;  and  hydrogen  is  consequently  liberated, 

being  the  oxide  of  hydrogen. 
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Iron  and  many  other  metals  decompose  waier^  and  become 
oxides,  at  a  red  heat.  Hence,  hydrogen  gas  is  sometUMi 
procured  by  transmitting  steam  through  an  iron  tube  plaesd 
across  a  furnace  and  heated  red-hot.  Some  other  compoonds 
of  hydrogen  are  decomposed  more  easily  than  water,  by  iron  aad 
Qnc.  The  chloride  of  hydrogen  or  hydrochloric  acid  is^deoom- 
posed  by  these  metals,  and  evolves  hydrogen,  at  the  ordinary  tM»- 
perature  of  the  air.  But  this  gas  is  more  generally  obtained  by 
putting  pieces  of  zinc  or  iron  into  oil  of  vitriol  or  the  €Ouct^ 
trated  sulphuric  acid,  diluted  with  6  or  8  times  its  bdk  oC 
water.  The  hydrogen  is  then  derived  from  the  decompuiitil, 
of  the  proportion  of  water  intimately  united  with  the 
illustrated  in  the  following  diagram,  zinc  being  used^ 
quantities  expressed : — 


Before  decomposition.  After 

6JS|  oil  of  vitriol,  r  Hydrogen.     .     12|  ....  12|  hydr^fSfif 
or   sulphate <  Oxygen     .     .  100\^^  ^    . 

of  water.  .     L  Sulphuric  acid  501 --N.  -^ 

403    zinc  .     .     •    Zinc      .     .     .  403    ^^1004  solpbatw 

— QrideoAfaMP 

1016i  1016i         loiei  A 

Or  by  symbols : — 

H  0-f  S  O3  and  Z  =  Z  0  +  S  O3  and  H. 

The  zinc  dissolves  in  the  acid  with  effervesoenoe,  irom.tbBj 
escape  of  hydrogen  gas.  It  will  be  observed  that  the  piodndb|j 
after  decomposition,  mentioned  in  the  last  column,  hydrogn^^ 
and  sulphate  of  oxide  of  zinc  are  similar  to  those  befon  iift 
composition,  in  the  first  column,  zinc  and  sulphate  of  inite(}t^ 
and  that  the  change  occurring  is  simply  the  lubsiUuii^m  atmuf^ 
for  hydrogen  in  the  sulphate  of  water.  The  large  quantitf  ftjf; 
water  used  with  the  acid  is  useful  to  dissolve  the  sulphato  gC,. 
zinc  formed. 

Zinc  is  generally  preferred  to  iron,  in  the  preparation  of  hfp  , 
drogen,  and  is  previously  granulated,  by  being  fused  iQ.e.; 
stone-ware  crucible,  and  poured  into  water ;  if  sheet  line  Iff 
used,  it  must  be  cut  into  small  pieces.  The  common  ffiam 
retort  may  be  used  in  the  experiment,  or  a  gas-bottle,  such  M 
the  half  pound  phial  (Fig.  33),  with  a  cork  having  two  peifiinr 
tions  fitted  with  glass  tubes,  one  of  which  desoenda  to  Ae 
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Fio.  83.  bottom  of  the  bottle,  and  is  ter- 

minated   eirtemally    by   a  fiinnel 

for  introdudng  the  acid,  whilst  the 
other  is  the  exit  tube,  by  which 
the  hydrogen  escapes.  With  an 
ounce  or  two  of  zinc  in  it,  the 
bottle  is  two- thirds  filled  with 
water,  and  the  an  dilated  acid 
added  from  time  to  time  by  the 
funnel,  so  as  to  sustain  a  con- 
tinued effer%'cscence.  No  gas  es- 
capes by  the  funnel  tube,  as  its 
extremity  within  the  bottle  is 
ihrajs  covered  by  the  fluid.  To  produce  krge  quantities,  a 
half-gtdlon  stone-ware  jar  may  be  mounted  as  a  gas  bottle, 
with  a  flexible  metallic  pipe  fitted  to  the  cork,  as  the  exit  tube. 
fhiM  ga4  may  be  coUected,  like  oxygen,  either  in  jars  over 
tbe  poeomadc  trough,  or  in  the  gas-holder.  The  first  jar  or  two 
fiOfid  will  contain  the  air  of  the  gas-bottle,  and  therefore  must 
ntii  be  considered  as  pure  hydrogen.  One  ounce  of  zinc  ia 
fimnd  to  cause  the  evolution  of  G15  cubic  inches  of  hydrogen. 

Prffperiiet, — ^Hydrogen  gas  thus  prepared  is  not  absolutely 

piir«%  but  contains  traces  of  sulphuretted  hydrogen  and  carbonic 

■ekl,  which  may  be  removed  by  agitating  the  gas  with  lime- 

wat^  or  csuiftic  alkah.     It  lias  also  a  particular  odour,  which 

il  to  hydrogen^  as  the  gas  evolved  from  the  amal- 

n,  acted  on  by  pure  water  without  acid,  is  per- 

rou?*.     An  oily  compound  of  carbon  and  hydrogen, 

i  appears  to  be  the  cause  of  this  odour,  may  be  separated 

kn  a  ^        '  '    quantity  from  the  gas  prepared  by  iron,  by  trans- 

nBtti!  ough  alcohol.     Of  the  pure  gas,  water  does  not 

dinolre  more  than    1^  per  cent,  of  its  bulk.     Hydrogen  has 

ifffer  been  liquefied  by  cold  or  pressure. 

Hycfro^^n  is  the  lightest  substance  in  nature,  being  sixteen 
tiinci*  than  oxygen,  and    14.4  times  lighter  than  air; 

i(wyt\i.n-r  ;  urhes  of  it  wcigh  only  2.14  grains.  Soap  bubbles 
btewD  witJi  tliis  gas  ascend  in  the  atmosphere  ;  and  it  is  used, 
vii  well  Vnown,  to  inflate  balloons,  which  begin  to  rise  when 
As  wdght  of  rtie  stuff  of  which  they  are  made  and  the  hydrogen 
kigctfirr,  are  less  tlmn  the  weight  of  an  equal  bulk  of  air.  A 
b^b«|;  it  prepared  for  making  this  experiment  in  the  chamlicr, 
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by  distending  the  lining  membrane  of  the  crop  of  tihe  tuikeyy 
which  may  weigh  35  or  36  grains^  and  when  filled  with  hydrogen, 
about  5  grains  more,  or  41  grains  ;  the  same  bulk  of  air,  how* 
ever,  would  weigh  50  or  51  grains;  so  that  the  little  baDoon 
when  filled  with  hydrogen  has  a  buoyant  power  of  9  or  iO 
grains.  Sounds  produced  in  this  gas  were  found  by  Leslie  to  be 
extremely  feeble,  much  more  feeble  indeed  than  its  rarity  ooib- 
pared  with  air  could  account  for.  Hydrogen  may  be  takn 
into  the  lungs  without  inconvenience,  when  mixed  with  a  luge 
quantity  of  air,  being  in  no  way  deleterious ;  but  it  does  no^ 
like  oxygen,  support  respiration,  and  therefore  an  animal  pheed 
in  pure  hydrogen  soon  dies  of  suffocation.  A  lighted  taper  ii 
extinguished  in  this  gas. 

Hydrogen  is  eminently  combustible,  and  bums  when  kindkd 
in  the  air  with  a  yellow  flame  of  little  intensity,  which  moisteni  • 
dry  glass  jar  held  over  it ;  the  gas  combining  with  the  oxygea  of 
the  air  in  burning,  and  producing  water.  If  before  being  kindled 
the  gas  is  first  mixed  with  enough  of  air  to  bum  it  compkfceifi 
or  \iith  between  two  and  three  times  its  volume,  and  tfaM 
kindled,  the  combustion  of  the  whole  hydrogen  is  inBtantuMNi 
and  attended  with  explosion.  With  pure  oxygen  instead  of 
air  the  explosion  is  much  more  violent,  particularly  wbfBt 
the  gases  are  mixed  in  the  proportions  of  two  voliiaei 
of  hydrogen  to  one  of  oxygen,  which  are  the  proper  quantitiee 
for  combination.  The  combustion  is  not  thus  propagated 
through  a  mixture  of  these  gases,  when  either  of  diem  ie 
in  great  excess.  The  sound  in  such  detonations  is  occaaioiied 
by  the  concussion  which  the  atmosphere  receives  from  de 
sudden  dilatation  of  gaseous  matter,  in  this  case  of  atauPi 
which  is  prodigiously  expanded  from  the  heat  evolved  in  ili 
formation.  A  musical  note  may  be  produced  by  means  of  tfaeie 
detonations,  when  they  are  made  to  succeed  each  other  vtrf 
rapidly.  If  hydrogen  be  generated  in  a  gas  bottle^  and  kindkd 
as  it  escapes  from  an  upright  glass  jet  having  a  small  ^Mrtme^ 
the  gas  will  be  found  to  burn  tranquilly ;  but  on  holding  V 
open  glass  tube  of  about  two  feet  in  length  over  the  jet^  liktt  i 
chimney,  the  flame  will  be  elongated  and  become  flickering.  A 
succession  of  little  detonations  is  produced,  from  the  gaa  bong 
carried  up  and  mixing  with  the  air  of  the  tube,  whidi  fbUow 
each  other  so  quickly  as  to  produce  a  continuous  sound  or 
sical  note. 
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ScTeral  circumstances  affect  the  cambination  of  hydrogen 
vith  oxygen,  which  are  important.  These  gases  may  be  mixed 
lofellier  in  a  glass  vessel,  and  preserved  for  any  length  of  time 
vttbout  cxMiibimng.  But  combination  is  instantly  determined 
hif  flftme,  by  passing  the  electric  spark  through  the  mixture,  or 
vreii  by  iDtroducing  into  it  a  glass  rod,  not  more  than  just 
viiflily  red-hot.  Hydrogen,  indeed,  is  one  of  the  more  easily 
JnBammable  gases.  If  the  mixed  gases  be  heated  in  a  iresael 
oniteixiing  a  quantity  of  pulverized  glass,  or  any  sharp  powder, 
llftey  begin  to  unite  in  contact  ^4th  the  foreign  Ijody  in  a  gradual 
■mner  without  explosion,  at  a  temperature  not  exceeding 
S009«.  The  presence  of  metals  disposes  them  to  unite  at  a  stUl 
loirer  temperature  |  and  of  the  metals,  those  which  have 
no  dispositioa  of  themselves  to  oxidate,  such  as  gold  and 
ooeasion  this  alow  combustion  at  the  lowest  tem- 
In  1824,  Dobereiner  made  the  remarkable  dis- 
that  newly  prepared  spongy  platinum  has  an  action 
hydrogen  independently  of  its  temperature,  and  quickly 
fcteomeg  red-hot  when  a  jet  of  this  gas  is  thrown  upon  it  in  air, 
CMpbination  of  the  gases  being  effected  by  their  contact  with 
ibe  inetaL  In  consequence  of  this  ignition  of  the  platinum  the 
hydrogen  itself  is  soon  indamed,  as  it  issues  from  the  jet*  An 
depending  upon  this  action  of  platinum  has  been 


eomtruded  for  producing  an  instantaneous  light.  More  lately 
Mr*  Faraday  observed  that  the  divided  state  of  the  platinum, 
akboogb  fiiTourable,  is  not  essential  to  this  action  ;  and  that  a 
pbleof  that  metal,  if  its  surface  be  scrupulously  clean,  will 
emie  a  combination  of  the  gases,  accompanied  with  the  same 
pbenomeiia^  as  the  spongy  platinum.  This  action  of  platinum 
m  mmt&ited  at  temperatures  considerably  below  the  freezing 
|mDfc  of  water,  and  in  an  explosive  mixture  largely  diluted  with 
air  or  hydrogen*  Spongy  platinum,  made  into  pellets  with  a  little 
pi|l^clay,  aod  dried,  when  introduced  into  mixtures  of  oxygen  and 
hydfOgePy  iviU  be  found  to  cause  a  gradual  and  sdent  combina- 
tian  of  the  gases,  in  whatever  proportions  they  are  mingled, 
vUcb  will  not  cease  till  one  of  them  is  completely  exhausted. 
Ilia  tbecry  of  this  effect  of  platinum  is  very  obscure.  It  be- 
IsBgi  to  a  class  of  actions  dej>ending  upon  surface,  not  confined 
•6  tbai  metaL  aiid  by  which  other  combustible  vaporous  bodies 
aieaSaeted  besides  hydrogen  (page  lOG.) 

The  flame  of  hydrogen,  although  so.elighLly  luminous,  is  in- 
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tensely  hot  9  few  combinations  producing  so  high  a'tempentilRi 
as  the  combustion  of  hydrogen.     In   the  oxi-hydrogen  blow- 
pipe, oxygen  and  hydrogen  gases  are  brought  by  tubes  fiom 
different  gas-holders,  and  allowed  to  mix  immediately  befora 
they  escape  by  tlie  same  orifice,  at  which  they  are   inflamed. 
This  is  most  safely  eftected  by  fixing  a  jet  for  the  oxygen  witihin 
the  jet  of  hydrogen,  so  that  the  oxygen  is  introduced  into  die 
middle  of  die  flame  of  hydrogen,  a  construction  first  proposed 
by  Mr.  Maugham,  and  adapted  to  the  use  of  coal  gas  instaid  of 
hydrogen  by  Mr.  DanielL*     At  this  flame  the   most  refrac- 
tory  substances,  such  as   pipe-clay,  silica  and   platinum,  an 
fused  with  facility,  and  the  latter  even  dissipated  in  the  state  of    i 
vapour.    The  flame  itself,  owing  to  the  absence  of  solid  matter,    ' 
is  scarcely  luminous,  but  any  of  the  less  fusible  earths^  upon    i 
which  it  is  thrown,  a  mass  of  quick-lime  for  instance,  is  heated    \ 
most  intensely,  and  diffuses  a  light,  which  for  whiteness  and    1 
brilliancy  may  be  compared  to  that  of  the  sun.     With  a  requi-    I 
site  supply  of  the  gases  this  light  may  be  sustained  for  hoiurii    j 
care  being  taken  to  move  the  mass  of  lime  slowly  before  the    j 
flame,  so  that  the  same  surface  may  not  be  long  acted  upon}    | 
for  the  high  irradiating  power  of  the  Ume  is  soon  impaired,  it  if 
supposed  from  a  slight  agglutination  of  its  particles  occasioned 
by  the  heat.     This  light  placed  in  the  focus  of  a  parabolic  re- 
flector, was  found  to  be  visible,  in  the  direction  in  which  it  wii 
thrown,  at  a  distance  of  69  miles,  in  one  experiment  made  by 
Mr.  Drumniond,  when  using  it  as  a  signal  iight.     The  heating 
effects  are  even  more  intense  when  the  gases  are  forced  into  a 
common  receptacle,  and  allowed  to  escape  from  under  pressure^ 
but  there  is  the  greatest  risk  of  the  flame  passing  back  througli 
the  exit  tube  and  exploding  the  mixed  gases,  an  accident  wlucb 
would  expose  the  operator  to  the  greatest  danger.     Mr.  Hem- 
ming's  apparatus,  however,    may    be  used  without  the  least 
apprehension.     \  common  bladder  is  used  to  hold  the  mixtoiei 
and  the  gas  before  reaching  the  jet,  at  which  it  is  bumed|  ii 
made  to  pass  through  his  safety  tube.     This  consists  of  a  braas 
cylinder  about  six  inches  long  and  S-^tlis  of  an  inch  wide,  filled 
with  fine  brass  wire  of  the  same  length,  which  is  tightly  wedged 
by  forcibly  inserting  a  pointed  rod  of  metal  into  the  centre  of 
the  bundle,    llie  conducting  power  of  the  metallic   channels 

*  Pliil.  Mag.  3rd  Series,  vol.  II,  p.  57. 
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which  the  gas  has  then  to  pass  is  so  great  as  com* 
pitteif  to  intercept  the  passage  of  flame. 

Hjdrogen  is  capable  of forraing  two  cornpounds  with  oxygen, 
ntmdj  water,  which  is  the  protoxide^  and  the  peroxide  of 
lirdrogeiu 

VMt$. — The  most  important  of  the  present  applications  of 
kfdrogen  gas  b  in  the  oxi-hydrogen  blow-pipe.  It  has  been 
mperseded  as  a  material  for  inflating  balloons,  by  coal  gas,  the 
kllooQ  being  proportionally  ealarged  to  compensate  for  the  less 
buoyancy  of  the  latter  gas» 


PROTOXIDE  OF  Fn'DROG EN.— WATER, 

Efpiivaleni  1 1 2.5^  or  i>  on  hydrogen  icale  ;  formula  H  +0,  or 
U  0  J  dcnsUt^  1,  m  steam  620,2  {air  1000) ;  combining  measure 

Mr.  Cavendish  first  demonstrated,  in  1781,  that  the  product 
rf  the  combustion  of  hydrogen  and  oxygen  is  water.  He 
Durncd  known  quantities  of  these  gases  in  a  dry  glass  vessel, 
i&d  found  that  water  was  formed  in  quantity  exactly  equal  to 
the  weights  of  the  gases  which  disappeared.  It  was  afterwards 
eitablUbed  by  Humboldt  and  Gay-Lussac,  that  the  gases  unite 
ligoroudj  in  the  proportion  of  two  volumes  of  hydrogen  to  one 
Toluroe  of  oxygen,  and  that  the  water  produced  by  their  union 
v<cupies,  while  it  remains  in  the  state  of  vapour,  exactly  two 
«*lumcs  (page  131).  The  proportion  of  the  constituents  of 
^»a<€r  by  weight  was  determined  with  extraordinary  care  by 
Bcrzeiiu^  and  Dulong.  Their,  method  was  to  transmit  dry 
hydrogen  gas  over  a  known  weight  of  the  black  oxide  of 
t  ifrer^  contsiined  in  a  glass  tube,  and  heated  to  redness  by  a 
Wip.  nie  gas  was  afterwards  conveyed  through  another 
weighed  tube  containing  the  hygromctric  salt,  chloride  of 
cilaiuiu  The  hydrogen  gas  in  passing  over  the  oxide  of  copper, 
cmdnnea  with  its  oxygen  and  forms  water,  which  is  carried 
wward  by  tlie  excess  of  hydrogen  gas,  and  absorbed  in  the 
diloride  uf  calcium  tube.  The  weight  of  this  water  being  ascer- 
twn^,  til  II  uf  oxygen  it  contains  is  determined  by 

•sorrtainii  _  >  hich  the  oxide  of  copper  has  sustained ; 

nee  is  the  hydrogen*      The  mean  of  three  such  ex-* 
e  as  the  composition  of  water  : 
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Oxygen        .     88.9     or     100  or     8.009 

Hydrogen     .     11.1     „        12,48        „      I. 


100  112.48  9.009 

The  oxygen  and  hydrogen  are  therefore  Tery  nearly,  if  not 
exactly,  in  the  proportion  of  8  to  I,  as  appears  by  the  propor- 
tions of  the  last  column.  This  experiment  serves  not  only  to 
determine  rigorously  the  composition  of  water,  but  it  offisra  alio 
the  best  method  of  ascertaining  the  composition  of  such  metallk 
oxides  as  are  de-oxygenated  by  hydrogen. 

Properties. — ^When  cooled  down  to  32"  water  freeses,  if  in  i 
state  of  agitation,  but  may  retain  the  liquid  condition  at  a  lomr 
temperature,  if  at  rest  (page  40) ;  the  ice,  however,  into  whidi  't 
is  converted  cannot  be  heated  above  32"*  without  melting.    lee 
is  lighter  than  water,  its  specific  gravity  being  0.916  ;  and  As 
form  of  its  crystal  is  a  rhomboid,  very  nearly  resembling  iodand 
spar.      Water  is  elastic  and  compressible,  yielding  aooording  to 
Oersted  53  millionths  of  its  bulk  to  the  pressure  of  the  atmo- 
sphere, and,  like  air,  in  proportion  to  the  compressing  fbroe  fcr 
different  pressures.      The  peculiarities  of  its  expansion  by  hart 
while  liquid,  have  already  been  fully  described  (page  8).    Under 
a  barometric  pressure  of  30  inches,  it  boils  at  212^,  but  evapo- 
rates at  all  inferior  temperatures.      Its  boiling  point  is  elevated 
by  the  solution  of  salts  in  it,  and  the  temperature  of  the  stean 
from  these   solutions   is    not  constantly  212%    as    has    beea 
alleged,  but  that  of  the  last  strata  of  liquid  through  whidi  tiiB 
steam  has  passed.      Wlien  mixed  with  air,  the  vapour  of 
has  a  tendency  to   condense   in  vescicles,  which  inclose 
forming  in  this  condition  the  lyasses  of  clouds,  which 
suspended  in  the  atmosphere  form  the  lightness  of  the  veacidei, 
the  substance   of  mists  and  fogs,  and  ^'  vapour  *'  generally,  h 
its  popular  meaning.      The  vescicles  may  be  observed  by  a  kns 
of  an  inch  focal  length,   over  the  dark  surface  of  hot  tea  or 
coffee,  mixed  with  an  occasional  solid   drop  which   contraati 
with    them.        According   to   the  experiments    of     SatmsiiN^ 
made  upon  the  mists  of  high  mountains,  these  vescicles  gene- 
rally vary  in  size  from  the  l-4500th  to  the  l-2780th  of  an 
inch,  but  are  occasionally  observed  as  large  as  a  pea.     lliey  an 
generally  condensed  by  their  colUsion  into  solid  drops,  and  fill 
as  rain ;  but  their  precipitation  in  that  form  is  much  retarded 
in  some  conditions  of  the  atmosphere. 
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A  cubic  incli  of  water  at  C'l"^  Bar,  30  indies,  weighs  in  air 
25i.458  graina.  The  imperial  gdlon  has  been  defined  to  eon- 
tiin  10  pounds  avoirdupois  (7U,0(X)  grains)  of  distilled  water  at 
tliat  temperature  and  pressure.  Its  capacity  is  therefore  277*1  J* 
cubic  inclies.  The  specific  gra\ity  of  water  at  Gif  is  1,  being 
'•1-  unit  to  which  the  densities  of  all  other  liquids  and  solids 
jQTcniently  referred;  it  is  815  times  heavier  than  air  at 
temperature. 

Li  its  chemical  relations  water  is  eminently  a  neutral  body. 
Its  rmnge  of  affinity  is  exceedingly  extensive,  water  forming 
definite  compounds,  to  all  of  which  the  name  hydrate  is  appUed| 
with  both  acids  and  alkahes^  with  a  large  propnrtion  of  the  salta^ 
and  iudeed  \nth  most  bodies  containing  oxygen.  It  is  also 
•lie  most  general  of  all  solvents,  Gay-Lussac  has  observed 
llntlbe  solution  of  a  salt  is  uniformly  attended  with  the  pro- 
trnddtm  of  cold,  whether  the  salt  be  anhydrous  or  hydrated, 
and  that  on  the  contrar)%  the  formation  of  a  definite  hydrate 
tislwmys  attended  with  heat:  a  circumstance  which  indicates 
an  esaential  difference  between  solution,  and  chemical  com- 
faiiuitiiou'*'*  Even  the  dilution  of  strong  solutions  of  some  salts, 
aaeh  as  those  of  ammonia,  occasions  a  fall  of  temperature. 
Tbe  solvent  power  of  water  for  most  bodies  increases  with  its 
tenpegttture.  Thus  at  57^  water  dissolves  one  fourth  of  its 
Viigbt  of  Eutre,  at  U2<>  one  half,  at  13  V  an  equal  weight,  and 
«:? 1 2*  twice  its  weight  of  that  salt  Solutions  of  such  salts, 
Mtunited  at  a  high  temperature,  deposit  cr^'stals  on  cooling* 
But  the  erystaUization  of  some  saturated  solutions  is  oft^u 
Sttpended  for  a  time,  in  a  remarkable  manner,  and  afterwards 
by  slight  causes.  Thus,  if  three  pounds  uf  crys- 
stilphate  of  soda  be  dissolved  in  two  pounds  of  water, 
witb  the  assistance  of  heat,  and  the  solution  be  filtered  while 
lioty  through  paper,  to  remove  foreign  solid  particles,  and  then 
id  ftside  in  a  glass  matrass,  with  a  few  drops  of  oil  on  its 
1ifii%  it  may  become  perfectly  cold  without  crystallization 
oooBrring.  Violent  agitation  even  may  not  cause  it  to  crystal- 
liK.  Bttt  when  any  sohd  body,  such  as  the  point  of  a  glass 
lody  or  a  grain  of  salt,  is  introduced  into  the  solution,  crystals 
imoiedtately  begin  to  form  about  the  solid  nucleus,  and  shuot 
oat  in  all  directions  through  the  liquid.     The  solubility  of  many 

*  An,  <*e  i^u,  et  ae  Phvi*  l.  #0  p»  407.     Sec  nUo  p«tt<:  i 80  of  lb U  work. 
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salts  of  soda  and  lime  does  not  increase  with  the  tempentnr^ 
like  that  of  other  salts. 

Water  is  also  capable  of  dissolving  a  certain  quantity  of  B 
and  other  gases,  which  may  again  be  expelled  from  it  by  boiling 
the  water,  or  by  placing  it  in  vacuo.  Rain-water  genenly 
affords  2i  per  cent  of  its  bulk  of  air,  in  which  the  proportion 
of  oxygen  gas  is  so  high  as  32  per  cent,  and  in  water  from 
freshly  melted  snow  34.8  per  cent,  according  to  the  obscrfi* 
tions  of  Gay-Lussac  and  Humboldt,  while  the  oxygen  in  atmo- 
spheric air  does  not  exceed  21  per  cent*  Boossingault  findi 
that  the  quantity  of  air  retained  by  water,  at  an  altitude  of  6ur  1 
8000  feet,  is  reduced  to  one  third  of  its  usual  proportioB;  '^ 
Hence  it  is  that  fishes  cannot  live  in  Alpine  lakes^  the  air  ccmh  j 
tained  in  the  water  not  being  in  adequate  quantity,  for  didr  j 
respiration.  The  following  table  exhibits  the  absorbability  ] 
of  different  gases  by  water  deprived  of  all  its  air  by  eMf^  i 
lition : 

100  cubic  inches  of  water  at  60*  and  30  Bar.,  absorb  of  ^ 

DaltOD  and  Henry.  Sauitnrt. 

Sulphuretted  hydrogen  .  100  C.  L  .253 

Carbonic  acid           .  .  100  .  .  lOG 

Nitrous  oxide           .  .  100  •  .  7^ 

Olefiantgas     .         .  .  J2.5  .  .  15.3 

Oxygen            ...  3.7  .  .  6.5 

Carbonic  oxide         .  .  1.56  .  •  6.2 

Nitrogen                    .  .  1.5  G  .  .  4.1 

Hydrogen                 .  .  1.56  .  .  4.6 

The  results  of  Saussure  are  probably  nearest  the  truth,  for 
sulphuretted  hydrogen  and  nitrous  oxide,  but  for  the  other 
gases  tliose  of  Dalton  and  Flenr}'  are  most  to  be  depended  on. 

Uses. — ttain  received  after  it  has  continued  to  fall  for  some 
time  may  be  taken  as  pure  water,  excepting  for  the  air  it  con- 
tains. But  after  once  touching  the  soil,  it  becomes  impr^;nated 
with  various  earthy  and  oi^anic  matters,  from  which  it  can  only 
be  completely  purified  by  distillation.  A  copper  still  should 
be  used  for  that  purpose,  provided  with  a  copper  or  blodc  tin 
worm,  which  is  not  used  for  the  distillation  of  spirits,  as  traces 
of  alcohol  remaining  in  the  worm  and  becoming  acetic  mad, 
cause  the  formation  of  acetate  of  copper,  which  would  be  washed 
out  and  contaminate  the  distilled  water.     The  use  of  white  lead 


WATER. 


sas 


cefDeat  about  the  joiniogs  of  tbe  worm  is  also  to  be  avoided,  as 
the  oxide  of  lead  is  readily  dissolved  by  distilled  water.  The 
first  portions  of  the  distilled  water  should  be  rejected,  as  they 
often  coiitaui  amnionia^  and  the  distillation  should  not  be  carried 
la  dryness. 

Water  employed  for  economical  purposes  is  generally  sub- 
mitted to  a  more  simple  process,   that  of  filtration,  by  which 
it  is  rendered  clear  and  transparent  by  the  removal  of  matter 
mechanically  suspended  in  it.      Such  foreign  matter  may  often 
te  removed  in  a  considerable  degree  by  subsidence,  on  which 
•ixx»iint  it  is  desirable  that  the  water  should  stand  at  rest  for  a 
timei  before  being  filtered.      Tlie  filtration  of  liquids  generally 
is  effected  on  the  small  scale,  by  allowing  them  to  flow  through 
nn«a6cd  or  filter  paper^  and  that  of  water,  on  the  large  scale, 
hf  passing  it  through  beds  of  sand.     The  sand  preferred  for 
liutM,  purpose  is  not  fine,  but  gravelly,  and  crushed  cinders  or 
furuBce  clinkers  may  be  substituted  for  it.     Its  function,  as  that 
also  of  the  paper  in  the  chemist's  filter,  is  to  act  as  a  support  for 
tbe  finer  particles  of  mud  or  precipitate  which  are  first  dep9sited 
on  its  surface,  and  form  the  bed  that  really  filters  the  water. 
When  the  mud  accumulates  so  as  to  impede  the  action  of  the 
sand  filter,  the  surface  of  the  sand  is  scraped,  and  an  inch  or  two 
of  it  removed.    Upward  filtration  through  a  bed  of  sand  is  some- 
times  practised,  but  it  has  the  disadvantage  that  the  filter  cannot 
lie  deaned  in  the  manner  just  indicated.     Filtering  under   high 
piesstire  and  with  great  rapidity  has  lately  been  practised  in  a 
^ay  compact   apparatus,  consisting  of  a  box,  not  above   three 
feet  tiquare,  filled  \nth  sand.     This  filter  which  becomes  speedily 
doked  with  the  mud  it  detains,  is  cleansed  by  suddenly  revers- 
iag  the  dtrectiun  in  which  the  water  is  passing  through  the  box, 
irhicli  cpocasions  a  shock  that  has  the  effect  of  loosening  the 
«nd,  and  allowing  the  water  to  bring  away  the  mud.     The 
adioti  of  such  a  filter,  lately  erected  at  the  Hotel-Dieu  of  Paris, 
hit  been  favourably  reported  on  by  M.  Arago*. 

Matter  actually  dissolved  in  water  is  not  aflfected  by  filtration. 
Ifo  repetition  of  the  process  would  withdraw  the  salt  Irom 
rvater  and  make  it  fresh.      Hence  the  impregnation  of  peaty 
iflslter,  whicli  river  water  generally  contains,  and  to  the  great- 
er extent  iii  summer,  when  the  water  is  concentrated  by  evapo- 

•  An,  dc  Ch.  tide  Ph.  \.  6b,  p.  428. 
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ration,  is  not  removed  by  filtering.  Animal  charcoal  it  the 
proper  substance  for  discolouring  liquids,  as  it  withdnwi 
organic  colouring  matter,  even  when  in  a  state  of  solution. 

In  the  process  of  clarifying  liquors,  by  dissolving  in  them  As 
white  of  egg  and  other  edbuminous  fluids,  the  temperature  ii 
raised  so  as  to  coagulate  the  albumen,  which  thus  fonns  a 
delicate  net-work  throughout  the  liquid,  and  is  afterwardi 
thrown  up  as  scum  in  the  boiling,  carrying  all  the  foreign  matter 
suspended  in  the  liquid  along  with  it. 

The  most  usual  earthy  impurities  in  water,  occaaioDing  iti 
hardness,  are  sulphate  of  lime,  and  the  carbonate  of  lime  dissolved 
in  carbonic  acid,  both  of  which  are  precipitated  on  boiling 
the  water,  and  occasion  an  earthy  incrustation  of  the  boila; 
When  waters  contain  iron,  they  are  termed  chalybeate  g  dai 
metal  is  most  frequently  in  the  state  of  carbonate  diaacdved  k 
carbonic  acid,  and  rarely  in  a  proportion  exceeding  one  grain  ia 
a  pound  of  water.  The  sulphureous  waters,  which  are  rwof' 
nized  by  their  peculiar  odour,  and  by  blackening  silver  and  ssHp 
of  le^d,  contain  sulphuretted  hydrogen  gas,  in  a  proportion  not 
exceeding  the  usual  proportion  of  air  in  spring  water,  and  BO 
oxygen.  Saline  waters,  for  the  most  part  contain  various  sab 
of  Ume  and  magnesia,  and  generally  common  salt.  Their  deor 
sity  is  always  considerably  higher  than  that  of  pure  water. 
Sea-water  contains  3|  per  cent,  of  saline  matter,  and  has  a 
density  1.0274.  Its  composition  is  interesting,  as  the  see 
comes  to  be  the  grand  depository  of  all  the  soluble  matter  of  the 
globe.  A  most  minute  and  valuable  analysis  of  the  water  of  de 
English  Channel  has  lately  been  executed  by  Dr.  Schweitzer  cf 
Brighton,  the  particulars  of  which  I  subjoin  in  contrast  with  as 
analysis  of  the  water  of  the  Mediterranean  by  M.  Laurens  :^ 
Sea-water  of  the  English  Channel.  Of  the  Mediterraneaii. 

Grains.  Graiat. 

.  964.74372  .         ,         .  959.26 


Water 

Chloride  of  sodium       .  27.05948 

■                    potassium.  0.76552 

magnesium  3.66658 

Bromide  of  magnesium  0.02929 

Sulphate  of  magnesia   .  2.29578 

lime  .         .  1.40662 

Carbonate  of  lime         .  0.03301 

1000.0000 


Carb.ofli 


\ 


21M 
0.01 
6.14 

7.03 
0.15 
me  &  niagn.    0.20 


1000.00 
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These  atittlyj!>es  jihew  that  the  channel  water  contains  9  times  as 
nnidi  lime  as  the  Mediterranean,  but  this  can  be  accounted  for, 
as  the  water  flows  over  a  bed  of  chalk.  The  Mediterranean, 
again,  contains  twice  as  much  magnesia  and  sulphuric  acid  as 
the  Channel.  In  addition  to  those  constituents,  distinct  traces 
<il' iodiue  and  of  ammonia  were  detected  * 

PEROXIDE  OF  HYDROGEN. 

Equivaleutf  21i*5,  or  VT  ai  ht/droffen scale  ;  fomiulu  H  -^ 20j 
mr  UO^. 

The  second  compound  of  hydrogen  and  oxygen  is  ahquid,  con- 
toning  twice  as  much  oxygen  as  water,  and  is  a  body  possessed 
of  very  extraordinary  properties-  It  was  discovered  by  Tlienard, 
ta  18 IB,  who  prepared  it  by  a  long  and  intricate  process. 

Preparation, — The  formation  of  the  peroxide   of  hydrogen 
depends  upon*  the  existence  of  a   corresponding   peroxide   of 
banuiD.     The  latter  is  obtained   by  calcining  pure  nitrate  of 
barytes  at  a  high  temperature  in  a  porcelain  retort,  and  after- 
wards exposing  the  earth  barytes  or  protoxide  of  barium,  which 
is  left,  IB  a  jKjrcelain  tube  heated  to  redness,  to  a  stream  of 
oT\'2en  gas,  which  the  protoxide  rapidly  absorbs  becoming  pe- 
V     Treated  witli  a  little  water  the  peroxide   of  barium 
^BJa-.es  and  falls  to  powder^  forming  a  hydrate,  of  which  the 
formula  is  BaO^  +  H  O,     Dilute  acids  have  a  peculiar  action 
i^n  this  hydrate,  which  vnM  be  easily  understood^  if  the  pe- 
roxide of  barium  is  represented  as  the  protoxide  united  with  an 
additional  equivalent  of  oxygen,  or  as  BaO-fO.     They  com- 
bine with  the  protoxide  of  barium,  forming  salts  of  barytes, 
md  the  second  equivalent  of  oxygen,  instead  of  being  liberated 
ia  consequence,  unites  with  the  water  of  the  hydrate,  the  HO 
of  the  preceding  formula,  giving    rise  to   HO  +  O  or  the  pe- 
loxide  of  hydrogen,  which  dissolves  in  the  water.     Although  it 
aQidd  be  inconvenient  to  abandon  the  systematic  name  peroxide 
of  hydrogen  for  this  compound,  still  it  must  be  allowed  that  the 
properties  of  tlie  body,  as  well  as  its  mode  of  preparation  are 
auire  favourable  to  the  idea  of  its  being  a  combination  of  water 
rth  oxygeiif  or  oxygenatvd  watery  as  it  was  first  named  by  its 
than  a  lUrect  combination  of  its  elements.     It  is  re- 

•  PhiU  hUg,  3rd  Senct,  vol.  15,  pngi;  58.     (1839.) 
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commended  by  Thenard  to  dissolve  the  peroxide  of  barium  in 
hydrochloric  acid  considerably  diluted  with  water,  and  to  r»- 
move  the  barytes  by  sulphuric  acid,  which  forms  an  inadobk 
sulphate  of  barytes.  The  hydrochloric  acid,  again  free  in  the 
liquor,  is  saturated  a  second  time  with  peroxide  of  barium  and 
prec^itated ;  and  after  several  repetitions  of  these  two  openh 
tions,  the  hydrochloric  acid  itself  is  removed  by  the  cautiont 
addition  of  sulphate  of  silver,  and  the  sulphuric  acid  of  the  last 
salt  by  solid  barytes.  Such  is  an  outline  of  the  process ;  but 
its  success  requires  attention  to  a  number  of  minute  precautioni 
which  are  fully  detailed  in  the  Traits  de  Chimie  of  the  author 
quoted.*  The  weak  solution  of  peroxide  of  hydrogen,  which 
this  process  affords,  may  be  concentrated  by  placing  it  witli  • 
vessel  of  strong  sulphuric  acid  under  the  receiver  of  an  lir 
pump,  until  the  solution  attains  a  density  of  1.452,  when  Aa 
peroxide  itself  begins  to  rise  in  vapour  without  change.  It  thok 
contains  475  times  its  volume  of  oxygen. 

M.  Pelouze  abridges  this  process  considerably  by  employing 
hydrofluoric  acid  or  fluosilicic  acid,  in  place  of  hydrochloiiB 
acid,  to  decompose  the  peroxide  of  barium.  By  this  operationi 
the  barytes  separates  at  once  with  the  acid,  in  the  state  of  the 
insoluble  fluoride  of  barium,  and  nothing  remains  in  solution 
but  the  peroxide  of  hydrogen.  After  thus  decomposing  several 
portions  of  peroxide  of  barium  successively  in  the  same  liquoTi 
the  fluoride  of  barium  may  be  separated  by  filtration,  and  the 
peroxide  of  hydrogen,  which  is  still  dilute,  be  concentrated  by 
means  of  the  air-pump. 

Pro/>er/t«5.— Peroxide  of  hydrogen  is  a  colourless  liquid  re- 
sembling water,  but  less  volatile,  having  a  metallic  taste,  and 
instantly  bleaching  litmus  and  other  organic  colouring  matters. 
It  is  decomposed  with  extreme  facility,  cfferAXscing  fromescapc 
of  oxygen  at  a  temperature  of  59°,  and  when  suddenly  exposed 
to  a  greater  heat,  such  as  212°,  actually  exploding  from  the 
rapid  evolution  of  the  gas.  It  is  rendered  more  permanent  by 
dilution  with  water,  and  still  more  so,  by  the  addition  of  the 
stronger  acids,  while  alkalies  have  the  opposite  effect. 

Tlie  circumstances  attending  the  decomposition  of  diis  body 
are  the  most  curious  facts  in  its  history.  Many  pure  metals 
and  metallic  oxides  occasion  its  instantaneous  resolution  into 

*  Vol.  I,  pjtgc  479  of  the  fith  edition. 


NITROGEN- 


289 


-vater  and  oxygen  gas,  by  simple  contact,  without  undergoing 
mmy   change   themselves,    affording    a    striking   illustration    of 
matalym   (page  196) ;  .and  this  decomposition   may   excite   an 
temperature,  the  glass  tube  in  which  the  experiment  is 
de  aometimes  becoming  red-hot.     Some  protoxides  absorb 
At  the  same  time  a  portion  of  the  oxygen  evolved,  and   are 
fsiaed  to  a  higher  degree  of  oxidation,  but  most  of  them  do  not; 
mud  certain  oxides,  such  as  tlie  oxides  of  silver  and  gold,  are 
foduoed  to  the  metallic  state,  their  own  oxygen  going  off  along 
with  thai  of  the  peroxide  of  hydrogen.     Tlie  decomposition  of 
theac  metallic  oxides  cannot  be  ascribed  to  the  heat  evolved, 
for  oodfle  of  silver  is  reduced  in  a  very  dilute  solution  of  tlie 
pcroxide  of  hydrogen,  although  the  decomposition  is  not  then 
■tiended  with  a  sensible  elevation  of  temperature.    Tlie  me- 
tallic oxides  which  are  decomposed  in  this  remarkable  manner 
va  originally  formed  by  the  decomposition  of  other  compounds, 
and  not  by  the  direct  union  of  their  elements,  which  in   fact 
Qihibit  little  aflSnity  for  each  other.     In  this  general  character, 
they  agree  with  peroxide  of  hydrogen. 

U9e$, — ^The  peroxide  o£  hydrogen  is  a  substance  which  it  is 
cxoeedingly  desirable  to  possess,  with  the  view  of  employing  it 
ia  bleaching,  and  for  other  purposes  as  a  powerful  oxidating 
WfBBt*  But  the  expense  and  uncertainty  of  the  process  for  pre- 
pmg  this  compound  have  hitherto  prevented  any  application 
oftt  in  the  arts,  or  even  its  occasional  use  as  a  chemical  re- 


SECTION    IIL 


NITROGEN. 


Symmpne J  A%orE.     BquhK   177>  or  \\.2  on  hydrogen  scale  i 
9fmM  N ;  density  97G  ;  combhdnt/  measure  [   |    ]> 

Dr.  Rutherford  of  Edinburgh  examined  the  air  which  re- 
■ins  aAer  the  respiration  of  an  animal,  and  found  that  after 
fciti»g  washed  with  lime-water,  which  removes  carbonic  acid, 
it  w^  inc^iable  of  supporting  either  combustion  or  respiration. 
Ht  eoododed  that  it  was  a  peculiar  gas,  Lavoisier  afterwards 
imvered  that  this  gas  exists  in  the  air  of  the  atmosphere, 
farmiig  indeed  4-5ths  of  that  mixture,  and  gave  it  the  name 
iWe,  (fifDm  «,  privative;,  and  f».>ij,  life),  from  its  inability  to 
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support  respiration.  It  was  afterwards  named  nitrogoi  bf 
Chaptal,  because  it  is  an  element  of  nitric  add.  Besida 
existing  in  air,  nitrogen  forms  a  constituent  of  most  animal  nd 
of  several  vegetable  substances.  In  a  natural  arrangement  of 
the  elements^  nitrogen  is  placed  next  phosphorus^  and  in  dme 
relation  with  antimony  and  arsenic. 

Preparation.  —  Nitrogen  is  generally  procured  by  allowiflg 
a  combustible  body  to  combine  with  the  oxygen  of  i 
certain  quantity  of  air  confined  in  a  vessel.  For  that  par- 
pose  a  glass  flask  may  be  inverted  over  a  small  jet  of  liy- 
drogen,  burning  as  it  issues  from  the  upright  exit  tube  of  a 
gas  botde,  till  the  flame  goes  out,  which  it  does  after  exhauatag 
the  oxygen  in  the  flask.  The  flask  is  then  removed  from  lb 
hydrogen  bottle,  its  mouth  being  closed  with  the  thuml^  nd 
conveyed  to  a  pneumatic  trough,  where  the  residuary  gas  ooi- 
tained  in  the  flask  may  be  transferred  into  a  jar.  Or  a  Htk 
metaUic  or  porcelain  cup  may  be  floated,  by  means  of  a  ood^ 
on  the  surfkce  of  the  water-trough.  A  few  drops  of  alocAol  mt 
then  introduced  into  the  cup,  or  a  small  piece  of  phosphom 
is  placed  in  it,  and  being  kindled,  a  tall  bell  jar  is  held  over  As 
cup,  with  its  lip  in  the  water.  The  combustion  soon  tmcir 
nates,  and  the  water  of  the  trough  rises  in  the  jar.  AlooU 
does  not  consume  the  oxygen  entirely,  a  small  portion  of  it  sl9 
remains  mingled  with  the  nitrogen  ;  a  certain  quantity  of  ctt^ 
bonic  acid  gas  is  also  produced  by  its  combustion.  But  Ae 
combustion  of  phosphorus  exhausts  the  oxygen  completely,  ad 
leaves  nitrogen  unmixed  with  any  other  gas.  Nitrogen  miy 
likewise  be  obtained  by  several  chemical  decompositions,  whidi, 
however,  are  more  curious  than  important  as  sources  of  tbii 
gas.  Chlorine  gas,  for  instance,  conducted  into  diluted  am- 
monia, is  absorbed  and  evolves  nitrogen ;  so  do  fragments  of 
sal  ammoniac  thrown  into  a  solution  of  chloride  of  lime ;  freih 
muscular  flesh  is  also  dissolved  by  nitric  acid  when  heated,  wiA 
the  evolution  of  nitrogen. 

Properties, — Nitrogen  gas  is  tasteless  and  inodorooa;  hai 
never  been  Uquefied,  and  is  less  soluble  in  water  than  oxygen. 
It  is  a  littie  lighter  than  air,  which  possesses  the  mean  density 
of  79  volumes  of  nitrogen  and  2 1  volumes  of  oxygen.  Nitrogen 
is  a  singularly  inert  substance  and  does  not  unite  directly  with 
any  other  single  element,  so  far  as  I  am  aware,  under  the  in- 
fluence of  light  or  of  a  high  tem])erature.    A  burning  txpet  is 
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iostintly  esttiTiguishecl  in  this  gas,  and  an  animal  soon  dies  in 

iU  not  bec3atise  the  gas  is  injurious^  but  from  the  privation  of 

JOKJgtAif  which  is  required  in  the  respiration  of  animals.     Ni- 

fragen  appears  to  be  chiefly  useful  in  the  atmosphere^  as  a 

diliietit  of  the  oxygen,  thereby  repressing  to  a  certain  degree 

the  activity  of  combustion  and  other  oxidating  processes.     The 

cridervoe  of  the  fixation  of  free  nitrogen  liy  plants  is  incomplete, 

and  therefore  it  cannot  be  said  with  certainty  that  the  nitrogen 

of   the   organic   world  is  primarily   derived  from  the  atmt>- 

sphcfie,*     When  heated  with  oxygen,  nitrogen  does  not  burn 

like  hydrogen,  nor  undergo  oxidation.     But  nitrogen  may  be 

nsde  to   unite  with  oxygen  by  transmitting  several  hundred 

ckctric  sparks  through  a  mixture  of  these  gases  in  a  tube,  with 

water  or  an  alkali  present,  and  nitric  acid  is   produced.     The 

formed  by  the  combustion  of  hydrogen  in  air,  or  of  a 

of  hydrogen  and  nitrogen  in  oxygen,  has  often  an  acid 

rcsclkin,  which  is  due  to  a  trace  of  nitric  acid.     The  same  acid 

iiaibo  n  product  of  the  oxidation  of  a  variety  of  compounds  con- 

tamdng  ni^^en.    Ammonia  mixed  with  air,  on  passing  over 

ipongy  platinum  at  a  temperature  of  about  572*^,  is  decomposed, 

md  the  nitrogen  it  contains  is  completely  converted  into  nitric 

Midf  by  csombining  with  the  oxygen  of  the  air.     Cyanogen  and 

tif,  under  similar  circumstances,  occasion  the  formation  of  nitric 

sid  cwbonic  acids,t   Nitric  acid  is  also  largely  produced  by  the 

dridatkni  of  organic  matters  during  putrefaction  in  air,  when  an 

alkali  or  lime  is  present,  as  in  the  natural  nitre  soils  and  artifi- 

Oil  nitre  lieds. 

A  suspicion  has  always  existed  that  nitrogen  may  be  a  com- 
pomid  body,  but  it  has  resisted  all  attempts  to  decompose  it, 
md  the  evidence  of  its  elementary  character  is  equally  good 
with  that  of  most  other  bodies  reputed  simple.  If  the  equiva- 
Init  of  nitrogen  l>e  divided  by  3,  a  curious  paraltellism  is  ob- 
OTred  between  some  of  its  compounds,  and  those  of  oxygen 
with  the  same  elements,  to  which  attention  has  been  directed 
hf  kl«  Laurent  and  by  M,  A.  Bineau.l  Before  considering  the 
coBfioitfids  of  nitrogen  with  oxygen,  we  may  notice  the  pro* 
pertiea  of  atmospheric  mr,  which  is  regarded  as  a  mechanical 
nnsture  of  these  gases* 

•  aouuMOganlt,  Anti.ilc  Cb.  et  de  Ph,  t.  67,  p-  ^»  »"*^  ^^*  P-  •*^^* 
t  Kttliltttftn,  Phil.  Mftg,  3n1  Series,  vol.  14,  pnge  157. 
:  A*,  ik  Vh.  n  i»  Ph.  i.  <i7,  p.  242. 
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According  to  the  careful  experiments  of  Dr.  Prouty  100  cubic 
inches  of  atmospheric  air,  deprived  of  aqueous  vapour  and  tlie 
small  quantity  of   carbonic  acid  it  usually  contains,   wei^ 
51.0117  grains,  at  6O0  and  30  Bar.     Its  density  at  the  same 
temperature  and  pressure  is  estimated  at   1000,  and  is  con- 
veniently assumed  as  the  standard  of  comparison  for  the  den- 
sities of  gaseous  bodies,  as  water  is  for  solids  and  liquds. 
Hence,  at  62^y  air  is  815  times  lighter  than  water,  and  11,06B- 
times  lighter  than  mercury.     The  bulk  of  air  varies  wiA  ili 
temperature  and  the  pressure  affecting  it,  according  to  the  not* 
laws  as  other  gases  (pages  11  and  66.)* 

The  mean  pressure  of  the  atmosphere  at  the  sur&oe  of  tfaea» 
is  generally  estimated  as  equal  to  the  weight  of  a  oolamn  oE^ 
mercury  of  30  inches  in  height,  which  is  about  15  pounds  Q^> 
the  square  inch  of  surface,  and  is  equivalent  to  a  colonui  ilv 
water  of  nearly  34  feet  in  height.    The  oxygen  alone  is 
to  a  column  of  7«B  feet  of  water  over  the  whole  earth's 
from  which  an  idea  may  be  formed  of  the  immense  quantitj  sf^ 
that  element,  and  how  small  the  effect  must  be  of  the  oxidatny 
processes  observed  at  the  earth's  surface  in  diminishing  it.    U- 
the  atmosphere  were  of  uniform  density  its  height,  as  infemA 
from  the  barometer,  would  be  1 1,065  times  30  inches,  or  5.8St  • 
miles,  but  the  density  of  air  being  proportional  to  the  pressuis^ 
upon  it,  diminishes  with  its  elevation,  the  superior  strata  beiii|^ 
always  more  rare  and  expanded  than  the  inferior  strata  upon 
which  they  press. 


*  The  rate  of  the  expansion  of  gases  by  heat  has  lately  been  corrected  by  Rdk 
berg,  who  finds  Uiat  1  volume  of  gas  at  32<*  becomes  1.365  Tol.  at  212*»  whieh  giww 
a  dilatation  of  0»002028,  or  1 -493rd  part,  instead  of  1  •480th  of  the  bulk  at  32*«  te 
each  degree  Fahrenheit.  If  the  expansion  be  expressed  in  parts  of  the  bulk  at  ^ 
Fuhr.  which  is  more  convenient  for  calculation,  the  expansion  is  1-461  put  Hsr 
each  degree.     The  volume  of  a  gas  at  O^*  being  1,  at  any  higher  temperatnic  k  b 
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At  ft  height  of  2  J05  miles  (11,556  feet)  the  atraosphere  is  of 
ittif  deimt^y  by  calculation,  or  I  volume  is  expanded  into  2, 
aad  the  bojonieter  would  stand  at  15  inches  ;  the  density  is 
haired  for  every  2*7  miles  additional  elevation.  From 
Bs  founded  on  the  phenomena  of  refraction,  the  at- 
is  supposed  to  extend,  in  a  state  of  sensible  density, 
to  a  height  of  nearly  45  miles.  It  is  certainly  Umitedj  but 
DJrlbfr  by  the  cold  prevailing  in  its  higher  regions,  which  may 
Sqpwfjr  or  even  solidify  the  a€ria)  particles,  or  from  their  ex- 
having  a  natural  limit  (page  18),  is  uncertain.  The 
ic  pressure  also  varies  at  the  same  place,  from  the 
^  of  urinds  and  dther  causes,  which  are  not  fully  understood. 
the  use  of  the  barometer  as  a  weather  glass ;  for  w*et 
aad  ctormy  weatlier  is  generally  preceded  by  a  fall  of  the 
ttcrairy  in  the  barometer,  and  fair  and  calm  weather  by  its 

The  temperature  of  the  atmosphere  is  greatest  at  the  earth's 
iiis&ce,  aiid  has  been  observed  to  diminish  one  degree  for  every 
368  feet  of  ascent,  in  the  lower  strata.  It  is  believed,  however, 
thil  the  progressive  diminution  is  less  rapid  at  great  distances 
from  the  earth.  But  at  a  certain  height,  the  region  of  per* 
coogelation  is  attained  even  in  the  warmest  climates  ;  the 
of  the  Andes,  which  rise  21,000  feet,  being  perpetuaDy 
eoTcrcd  with  enow  under  the  equator.  The  line  of  perpetual 
opgeUtioii,  which  has  been  fixed  at  15,207  feet  at  O""  latitude, 
dtmtids  progreiftsively  in  higher  latitudes,  being  :5,B1B  feet  at 
iO»,  and  only  1^016  feet  at  75°.  The  decrease  of  temperature 
nh  elevation  in  the  atmosphere  is  ascribed  to  two  causes. 
i\  To  the  property  which  air  has  of  becoming  cold  by  expan- 
ttoo,  which  arises  from  an  increase  of  the  latent  heat  of  air, 
iim  Chat  of  steam,  with  rarefaction   (page  54.)      The  actual 
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temperature  of  the  different  strata  of  the  atmosphere  is  indeed 
believed  to  be  that  due  to  their  dilatation^  supposing  that  tibej 
had  all  the  same  original  temperature  and  density  as  the  loiisifc 
stratum.      2o.  To  the  circumstance  that  the  atmosidiere  d5- 
rives  its  heat  principally  from  contact  with  the  earth's  suiftsa^ 
The  sun's  rays  appear  to  suffer  littie  absorption  in  pMsim 
through  the  atmosphere ;  but  there  are  some  observatians  oa 
the  force  of  solar  radiation  which  are  not  easily  reconciled  vilk 
that  circumstance.      A  thermometer,    of  which  the  bulb  ii  • 
blackened,  rises  a  certain  number  of  degrees  above  the  temps-  - 
rature  of  the  air,  when  exposed  to  sun,  but  the  rise  is  decided^  ^ 
greater  on  high  mountains  than  near  the  level  of  the  sea,  andii* 
temperate,  or  even  arctic  climates,  which  is  more  remaiUdV  i 
than  within  the  tropics.     It  is  a  question  how  solar  radiation  il*  \ 
obstructed  in  the  hotter  climates.     (Daniell's  MeteorolppaL  \ 
Essays,  2nd  ed.) 

The  blue  colour  of  the  sky  has  been  found  by  Brewster  to  bf  j 
due  to  light  that  has  suffered  polarization,  which  is  thcwfaij  j 
reflected  light,  like  the  white  light  of  clouds.    The  air  of  Ai«  ] 
atmosphere  must  therefore  have  a  disposition  to   absoib  All ' 
red  and  yellow  solar  rays  and  to  reflect  the  blue  rays.  At  gmi^ 
heights,  the  blue  coloiu*  of  the  sky  was  observed  by  Theodovs* 
de   Saussure    to    become    deeper    and    deeper,    being    mizsi 
with  black,  owing  to  the  absence  of  white  reflecting  vesioalMr* 
vapour  or  clouds.     The  red  and  golden  tints  of  clouds  usppmt 
to  be  connected  with  a  remarkable  property  of  steam  latriy 
discovered  by  Professor  Forbes.     A  light  seen  at  night  thion|^ 
steam  issuing  into  the  atmosphere  from  under  a  pressure  of  fioa 
5  to  SO  pounds  on  the  inch,  is  found  to  appear  of  a  deep- 
orange  red  colour,  exactiy  as  if  observed  through  a  bottle  ooft-^ 
taining  nitrous  acid  vapour.     The  steam,  when  it  possesses  this 
colour,  is  mixed  with  air,  and  on  the  verge  of  condensation} 
and  it  is  known  that  the  golden  hues  of  sunset  depend  upon  a 
large  proportion  of  vapour  in  the  air,  and  are  indeed  a  popidar 
prognostic  of  rain.* 

The  movement  of  masses  of  air,  or  wind,  is  always  produced 
by  inequality  of  temperature  of  the  atmosphere  at  diffieratf 
points  of  the  earth's  surface,  or  in  different  regions  of  the  a^ 
mosphere  of  equal  elevation.    The  primary  movement  is  always 

•  Fhil.  Mug.  3rd  Seriei,  vol.  14,  pp.  121  and  425,  and  vol.  15,  pp.  26^  tad  411. 
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mn  ascending  cnirrent,  the  heated  and  expanded  air  over  some 

spot  rising  in  a  vertical  column.     Dense  and  colder  air  flows 

towards   that  point   producing    the   horizontal  current    which 

is  remarked  by  an  observer  on   the   earth *s   surface.      Some 

winds  are  of  a   very   limited  range,  and  depend   upon  local 

lircmnstanccs  ;  such  are  the  sea  and  land  breeze  experienced 

apon   the  coasts  of  tropical  countries.      From    its    low   con- 

do^cting  power,  the  surface  of  the  land  is  more  quickly  heated 

tlttn   the   sea,  so    that   soon   after  sunrise    the   expaiuled  air 

ever  the  former  begins  to  ascend,  and  is  replaced  by  the  colder 

air  from  the  sea,  forming  the  sea  breeze.     But  after  sunset,  the 

mrih*9  heat  being  less  in  quantity,  is  more  quickly  dissipated 

by  radiation  than  that  of  the  sea,  and  the  air  over   the  land 

becomes  dense  and  flows  outwards,  displacing  the  air  over  the 

wm^  and  producing  the  land  breeze.     It  is  obvious    that  these 

inferior  currents  must  be  attended   by  a  superior  current  in  an 

apposite  direction,  or  that  the  air  in  these  winds  is  carried  in  a 

pcipeiidiciilar  vortex  of  no  great  extent,  of  which  the  motion  is 

iVfiTsed  twice  every  twenty-four  hours.     A  grand  movement 

of  a  similar  nature  is  produced  in  the  atmosphere,  from  the 

U^  temperature  of  the  equatorial  compared  with  the  polar 

i  of  the  globe  ;  the  air  over  the  former  constantly  ascend- 

aiid  having  its  place  supplied  by  horizontal  currents  from 

llie  latter,  within  the  lower  region  of  the  atmosphere.     Hence, 

if  tbe  earth  were  at  rest,  the  wind  would  constantly  blow  at  its 

e^from  the  poles  to  the  equator,  and  in  the  opposite  direc- 

t  in  tlie  upper  strata  of  the  atmosphere.  But  the  earth,  accom- 

pnied  by  its  atmosphere  makes  a  diurnal  revolution  upon  its  axis, 

'i|  which  any  point  on  its  surface  is  always  passing  to  a  point  in 

ifttoe  previously  to  the  east  of  it,  and  with  a  velocity  propor- 

\  to  its  circle  of  latitude  on  the  globe ;  a  velocity  which  is 

coniequently  nothing  at  the  poles,  and  attains  its  maximum  at 

Ihteqiaator.     The  result  of  this  is,  that  the  lower  current  or 

atream,  in  tending  to  the  equator,  is  constantly  passing 

DiW  paraUeb  of  latitude  which  have  a  greater  degree  of  ve- 

bdtf  of  rotation  to  the  east,  than  the  stream  itself,  which  comes 

I  lo  be  felt  as  a  resistance  from  the  east;  and  instead  of 

as  a  wind  directly  from  the  nortli  as  it  really  is,  this 

I  appears  as  a  wind  from  the  east  with  a  certain  northerly 

dtrfiiiation,  which    diminishes  as  the  stream  approaches   tbe 

r,  where  it  flows  directly  from  the  east,  constituting  the 

t2 
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great  trade-wind  which  constantly  blows  across  the  Ailuilie  ind 
Pacific  Oceans  from  east  to  west  within  the  tropics.  Oar  ktm 
east  winds  in  spring  have  a  low  temperatare  which  attests  ihor 
arctic  origin.  The  upper  or  equatorial  current  has  its  coane 
deflected  by  simUar  causes ;  starting  from  the  equator  it  has  t 
greater  projectile  force  to  the  east  than  the  parallels  of  latitiidB 
over  which  it  has  to  pass^  and  retaining  this  motion  towards  tliB 
east  it  appears,  as  it  passes  over  them,  a  west  wind  or  wind 
from  the  west.  The  upper  current,  flowing  in  the  opponte  di- 
rection from  the  trade- wind  below,  was  actually  experienced  bj 
Humboldt  and  Bonpland  on  the  summit  of  the  Peak  of  Tena- 
riffe,  and  has  been  indicated  at  various  times  by  the  transport  of 
volcanic  ashes  by  its  means. 

On  the  great  oceans,  within  the  temperate  zone,  westerly 
winds  prevail  greatly  over  easterly,  which  are  supposed  bysomB 
to  be  the  upper  current  descending  to  the  surface  of  the  eaillL 
These  westerly  winds  temper  the  climate  of  the  western  sea-botfd 
both  of  Europe  and  America,  which  is  much  milder  than  fle 
climate  of  their  eastern  coasts. 

The  nature  of  the  movement  of  the  atmosphere  in  huonicaiifli 
has  lately  received  considerable  elucidation.  It  appears  Ail 
they  move  in  circles,  and  are  great  horizontal  vortices,  wUdi 
are  probably  produced  by  currents  of  air  meeting  obliquelft 
like  the  little  eddies  or  whirlwinds  formed  at  the  comer  of  streeCii 
The  whole  vortex  also  travels,  but  its  movement  of  translatkn 
is  slow  compared  with  its  velocity  of  rotation.* 

The  properties  of  the  atmosphere  are  much  afiected  by  Ai 
presence  of  watery  vapour  in  it,  which  it  acquires  from  ccmteet 
with  the  surface  of  the  sea,  lakes,  rivers  and  humid  soil.  Hm 
quantity  which  can  rise  into  the  air  is  limited  by  its  tempera- 
ture (page  77)9  and  comes  to  be  deposited  again  from  Tariovl 
causes.  Tlie  surface  of  the  earth  is  cooled  by  radiation,  and 
occasions  the  precipitation  of  dew  from  the  air  in  oontMl 
with  it.  Vapour  is  also  condensed  into  drops,  from  variooi 
agencies  within  the  atmosphere  itself.  The  following  are  th 
principal  causes  of  clouds  and  rain.  V,  The  ascent  of  air  11 
the  atmosphere,  and  its  consequent  rarefaction,  which  is  attends 
with  cold.  A  cloud  will  be  observed  within  the  receiver  of  ■ 
air-pump,  on  the  ])late  of  which  a  little  water  has  been  spilt,  01 

*  Si>c  the  work  of  Colonel  Reid  on  tliu  Law  of  Storms ;  and  Atheoaum,  Aofiu 
2:),  18:^8,  fp.  .591.) 
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makiiig  two  or  three  rapid  strokes  of  the  pump,  which  is  due  to 

this  cause.     It  b  observed  in  operation  in  the  formation  of 

tkm  douda  and  mists  which  settle  on  the  summits  of  mountains, 

Tbc  unnd  passing  over  the  surface  of  a  level  country  is  impeded 

by  a  mountain ;  rising  in  the  atmosphere  the  stream  overcomes 

the  obstacle,  and  produces  a  cloud  as  it  passes  over  the  moun- 

lain,  which  appears  stationary  on  its  summit.     2*^.  The  mixing 

of  opposite  currents  of  hot  and  cold  air,  both  saturated  with 

btunidity^  may  occasion  rain,  from  the  circunistance,  first  con- 

jeciured  by  Dn  Hutton,  that  the  currents  of  air  on  mixing  and 

Mliining  a  mean  temperature,  are  incapable  of  sustaining  the 

mean  quantity  of  vapour.    Thus,  supposing  equal  volumes  of 

air  at  6(f  and  40**,  both  saturated  with  vapour,  to  be  mixed ; 

the  tension  of  vapour  at  the  former   temperature   being  the 

0324lii  of  an  inch  of  mercury,  and  at  tlie  latter  the  0,263rd  of 

an  inch,  the  mean  tension  is  the  0.393 rd  of  an  inch.     But  the 

teoaion  of  vapour  at  50*\  the  intermediate  temperature  is  only 

tbe  0^7^tli  of  an  inch ;  and  consequently  the  excess  of  the 

former  tension,  or  vapour  of  the  0-0 18th  of  an  inch  of  tension, 

araat  condense  as  rain.     But  this  is  an  inconsiderable  cause  of 

fiin  eooipared  with  the  next.     3^  Contact  of  air  in  motion  with 

tbe  cold  surface  of  the  earth,  appears  to  be  the  most  usual  cause 

of  Its   reftigeration,  and  of  the  precipitation  of  rain  from  it* 

The  mean  temperature  of  January  in  this  country  is  about  34^, 

bm  with  a  south  west  wind  the  thermometer  may  be  observed 

padoaUy  to  rise  in  the  course  of  48  hours  to  54^.     Now  sup- 

poiii^  thiu  wind  to  be  saturated  with  vapour  at  54°  and  to  be 

mled  to  M%  as  it  is  on  its  first  arrival,  the  moisture  which  it 

viil  deposit  ia  very  considerable,  as  will  appear  by  the  following 

cilrtthtioa» 


Tension  of  vapour  at  54^     .     ,    0,429  inch 
„  „        at  34"      .     .     0.214     „ 


Condensed 


0.215 


When  rJouds  form  at  temperatures  below  32**,  the  aqueous 
Dpuur  is  converted  into  an  infinity  of  little  needle-like  crystals, 
wlucii  often  diverge  from  each  other  at  angles  of  Gif  and  120% 
m  do  also  the  thin  crystals  in  freezing  water*  Snow  difTers  very 
nocb  in  the  arrangement  of  these  spicula^,  but  the  ilakes  are  all 
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of  the  same  configuration  in  theaame  storm.  HaU  is  also  produoed 
by  cold,  but  in  circumstances  which  are  entirely  different  It 
occmrs  only  in  summer  or  in  ^arm  climates,  and  when  the  sa 
is  above  the  horizon.  It  seems  to  be  produced  in 
ascending  current  of  air,  greatly  cooled  by  rarefaction, 
has  an  upward  velocity  sufficient  to  sustain  the  fiJling  hailstoaii 
at  the  same  place  till  they  attain  considerable  magnitade.  TliB 
formation  of  hail  is  always  attended  with  thunder  or  ngna  of 
electricity ;  and  it  has  been  found  that  small  districts  may  bt 
protected  from  its  devastations  by  the  elevation  of  many  i 
rods. 

jtnalysia  of  air. — A  knowledge  of  the  composition  of  the 
mosphere  followed  that  of  its  constituent  gases.    Variona  i 
of  analysis  are  practised  : — 1^.      A  stick  of  phosphoma  ii 
duced  into  a  known  measure  of  air  in  a  graduated  tube,  < 
complete  absorption  of  the  oxygen  in  24  hours.     On  \ 
withdrawing  the  phosphorus  the  diminution  of  volume  maybt  : 
observed,  which  always  indicates  20  or  21  per  cent  of  OKjgn  i 
2^.  A  known  measure  of  air  may  be  mixed  with  a  slight  tioMi  \ 
of  hydrogen  more  than  sufficient  to  combine  with  its  aiyy%  ] 
100  volumes  air,  for  example,  with  50  volumes  of  bydrogsi^ 
and  the  mixture  exploded  in  a  strong  glass  tube  of  proper  caa- 
struction,  by  means  of  the  electric  spark.    The  diminution  B 
volume  of  the  gases  after  combustion  is  observed ;  andas  oxjgSB 
and  hydrogen  unite  in  the  exact  ratio  of  one  volume  of  Ike 
first  to  two  volumes  of  the  second,  one-third  of  the  diminoliiB 
represents  the  volume  of  oxygen  in  the  measure  of  air  emplojttL 
The  tube  used  for  this  purpose  is  called  the  voltaic  eudiomeftflr. 
The  eudiometer  of  Dr.  Ure  is  an  excellent  instrument  iji  tiai 
kind.    It  is  formed  of  a  straight  tube  moderately  stout,  of  aboit 
Fig.  34.        l-^th  or  3-8ths   of  an  inch  internal  diameCff, 
sealed  at  one  end,  and  about  22  inches  long* 
The  closed  end  of  this  tube  being  softened 
by  heat,  two  stout  platinum  wires  are  tiinufc 
through  the  glass  from  opposite  sides  of  the 
tube,    so  that  their  extremities   in   the    tube 
approach  within  one  tenth  of  an  inch  of  eadi 
otlier.   These  are  intended  for  the  transmission 
of  the  electric   spark,  and   arc  retained,  as  if 
)  cemented,  in  tiie  apertures  of  the  glass  when 
the  latter  cools.     One  half  the  tube  next  the 
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dosed  end  is  afterwards  graduated  into  himdredths  of  a  cubic 

ui<^«  and  the  tube  is  bent  in  the  middle,  hke  a  syphon,  as  repre- 

•ented  by  a  in  the  figure.     By  a  little  dexterity,  a  portion  of 

thie  giaseous  mixture  to  be  exploded  is  transferred  to  the  sealed 

fimb  of  the  instrument,  at  the  water  or  mercurial  trough,  and 

the  i&e99ure  noted  with  the  liquid  at  the  same  hei«;ht  in  both 

liiiibs.     The  mouth  of  the  open  limb  may  then  be  closed  by  a 

ocirk,  which  can  be  fixed  down  by  soft  copper  wire.     A  chain 

being  now  hung  to  the  one  platinum  wire,  the  other  is  pre- 

ililed  to  the  prime  conductor  of  an  electric  machine,  or  to  the 

knob  of   a  charged   Leyden  phial  ^,  so  as  to  take  a   spark 

tkiroQgh  the  mixture,  which  is  thereby  exploded.     The  risk  of 

the  tube  being  broken  by  the  explosiouj  which  is  ver)^  consi- 

dsmble  in  the  ordinary  form  of  the  eudiometer,  is  completely 

cmded   in   this  instrument  by  the  compression  of  the  air  re- 

Utned  by  the  cork  in  the  open  limb,  this  air  acting  as  a  recoil 

ifring  upon  the  occurrence  of  the  explosion  in  the  other  limb, 

$*•    The  combustion  of  the  mixed  gases  may  he  determined 

wklumt    explosion    by    means    of   a  little    pellet  of   spongy 

mm,   and  the   experiment  can   then   be   conducted   over 

iiy    in     an     ordinary    graduated    tube.        4'.    Another 

method  of  removing  oxygen  from  air,  recommended  by 

Giy-Lossac^  is  the  introduction  into  the  air  of  slips  of  copper 

Aotstened  with  hydrochloric  acid^  which  absorb  oxygen  with 

flttt  atidity.     5^.  Lastly,  a  method  lately  practised  by  Saua- 

iWr ;  in  which  the  air  is   deprived  of  its  oxygen  by  agitating  it 

vidi  a  small  quantity  of  water  and  metallic  lead  in  thin  turnings, 

wikicfa  beeomea  white  hydratcd  oxide  of  lead.  All  these  methods 

fhre  accurate  results  when  conducted  with  proper  precautions* 

Tht  conclusion  which  they  have  led  to  is,  that  the  proportion 

«f  oxygen  in  100  volumes  of  dry  and  pure  air  is  not  subject  to 

firiation,  arid  lies  between  20.8  and  21  volumes.*     It  is  gene- 

ndJy  assumed  as  21  volumes,  which  gives  the  proportions — 

ATMOSPHERIC    AIR   BY    WEIGHT. 

Oxj'gen        •        .        ,         .        .    2S.I 
Nitrogen       ,         .         ,         .        .     7^*9 

1 00.0 

•  Samturf)  An.  dt  Ch.et  de  Ph.  t.  62,  p.  219. 
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Besides  these  constitaenta,  the  atmosphere  always  oontaiiii 
a  Tariable  quantity  of  watery  vapour  and  carbonic  add  gas.  He 
presence  of  the  latter  is  observed  by  exposing  to  the  air  a  basoa 
of  lime-water,  which  is  soon  covered  by  a  pdlide  of  caibonalB 
of  lime.  Its  proportion  is  generally  ascertained  by  adding  hi- 
rytes-water  of  a  known  strength,  from  a  graduated  pipette,  to 
a  large  bottle  of  the  air  to  be  examined ;  agitating  after  eseb 
addition,  till  a  slip  of  yellow  turmeric  paper  is  made  permaneDdf 
brown  by  the  barytes-water  after  agitation,  which  proves  thitt 
more  of  the  latter  has  been  added  than  is  neutralised  by  llis 
carbonic  acid  of  the  air.  The  carbonic  add  is  in  the  eqoivakil 
proportion  (by  weight)  of  the  quantity  of  barytes  which  hsi 
been  neutralized.  Like  every  subject  connected  with  the  atms* 
sphere,  the  proportion  of  carbonic  add  which  it  contains  hsi 
been  ably  investigated  by  the  Saussures.  The  elder  philosopiHr 
of  that  name  detected  the  presence  of  this  gas  in  the  atmosidiM 
resting  upon  the  perpetual  snows  of  the  summit  of  Mont  Blaoi^ 
so  that  there  can  be  no  doubt  that  carbonic  add  is  difiusel 
through  the  whole  mass  of  the  atmosphere.  The  younger  Ssai* 
sure  has  ascertained,  by  a  series  of  several  hundred  analyses  sf 
air  that  the  mean  proportion  of  carbonic  add  is  4.9  volumes  is 
10,000  volumes  of  air,  or  almost  exactly  1  in  2000  volamesi 
but  it  varies  from  6.2  as  a  maximum  to  3.7;  as  a  minimum  in 
10,000  volumes.  Its  proportion  near  the  surface  of  the  earth  ii 
greater  in  summer  than  in  winter,  and  during  night  than  dniisg 
day  upon  an  average  of  many  observations.  It  is  also  rsther 
more  abundant  in  elevated  situations,  as  on  the  summits  of 
high  mountains,  than  in  the  plains ;  a  distribution  of  this  gm 
which  proves  that  the  action  of  vegetation  at  the  surface  of  A0 
earth  is  sufficient  to  keep  down  the  proportion  of  it  in  the  sl^ 
mosphere,  within  a  certain  limit.^  An  enormous  quantity  of 
carbonic  acid  is  discharged  from  the  elevated  cones  of  the  actifC 
volcanoes  of  America,  according  to  the  observations  of  Bons* 
singault,  which  may  partly  account  for  the  high  proportion  of 
that  gas  ill  the  up})er  regions  of  the  atmosphere.  The  gm 
emitted  from  the  volcanoes  of  the  old  world,  according  to  Daiy 
and  others,  is  principally  nitrogen. 

Carbonic  acid  is  a  constituent  of  the  atmosphere  whidi  ii 
essential  to  vegetable  life,  plants  absorbing  that  gas,  and  sU 

*  Sauiiiire,  Ad.  dc  Ch.  ct  de  Ph.  L  38,  p.  411,  and  t.44,  p.  5. 
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of  them  derivhig  from  it  a  part,  and  some  of  them  the  whole 
of  their  carbon.       Extensive   forests,  such   as   those    of  the 
Laodes  in  France,  wliich  grow  upon  sands  ahsolutely  destitute 
of  carbonaceous  matter,  derive  their  carbon  entirely  from  tliis 
source*     But  the  oxygen  of  the  carbonic  acid  is  not  retained 
by  the  plant,  for  the  li^in  and  other  constituent  principles 
of  Tcgetables,  contain^  it  is  well  known,  no  more  oxygen  than 
is   sufficient  to  form   water  with   their  hydrogen,  and  which 
indeed  has  entered  tlie  plant  as  water*      The  oxygen  of  the 
carboiiic  acid  must  therefore  be  returned  in  some  form  to  the 
iinkosphere*      The   discharge   of  pure   oxygen   gas   from  the 
leiTes  of  plants  was  first  observed  by  Priestley,  and  the  general 
action  of  plants  upon  the  atmosphere  has  subsequently  been 
DBinutely   studied   by    Sir    IL   Davy   and  Dr.    Daubeny.      It 
appears  that  plants  have  a  double  action  upon  the  atmosphere ; 
&ey  withdraw  carbonic  acid  from  it,  appropriating  the   car- 
bomoeous  part  of  that  gas  to  their  own  wants  and  evolving 
its  oxygen ;  and  they  also  absorb  oxygen  from  the  atmospliere 
ami  return  carbonic  acid  m  its  place,  an  action  corresponding 
wiUi  lh€  respiration  of  animals.     Of  these  actions  the  latter 
|irodominates  during  the  night,   and  the  former  during  tlie  day, 
but  the  result  of  both  is   that  plants  during  twenty-four  hours 
yield  considerably  more   oxygen    tJian   they   consunie.     That 
ihey  fully  comi>en8ate  for  the  loss  of  oxygen  occasioned  by 
tbe  respiration  of  animals  and  other  natural  processes  is  not 
improbable.     But  the  mass  of  the  atmosphere  is  so  vast  that 
•ay  change  in  its  composition  must  be  very  slowly  effected.     It 
kif  indeed  been  estimated  that  the  proportion  of  oxygen  con- 
sumed  by    animated   beings   in  a  century    does    not   exceed 
l-7:W>th  of  the  whole  quantity. 

Other  gases  and  vaporous  bodies  are  observed  to  enter 
&t  atmosphere,  but  none  of  them  can  afterwards  be  detected 
ia  it,  with  the  exception  perhaps  of  hydroi^^en  in  some  form, 
probably  as  the  light  carburetted  hydrogen  of  marshes,  of 
which  Boussingault  beheves  that  he  has  been  able  to  detect 
&t  presence  of  an  appreciable  but  exceedingly  minute  trace.* 
He  observed  concentrated  sulphuric  acid  to  be  blackened  when 
eiposed  in  a  glass  capsule  to  the  air,  protected  from  dust, 
and  at  a  distance  from  vegetation,  which  he  ascribes  to  the 
occasional  presenoe  in  the  air  of  some  volatile  carbonaceous 

♦  Aa.de  Ch.  #lFh.  t  57,  p,  148. 
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compound,  which  is  absorbed  and  decomposed  by  the  waL 
Of  the  odoriferous  principles  of  plants,  the  miasmata  of  marshes 
and  other  matters  of  contagion,  the  presence,  although  snt 
ficiently  obvious  to  the  sense  of  smell,  or  by  their  effects  upon 
the  human  constitution,  cannot  be  detected  by  chemical  tests. 
But  it  may  be  remarked  in  regard  to  them,  that  few  or 
none  of  the  compound  volatile  bodies  we  perceive  entering 
the  atmosphere,  could  long  escape  destruction  from  ozidalioa 
The  atmosphere  contains  indeed  within  itself  the  means  of 
its  own  purification,  and  slowly  but  certainly  converts  iB 
organic  substances  exposed  to  it  into  simpler  forms  of  matlei^ 
such  as  water,  carbonic  acid,  nitric  add  and  ammonia.  '  Al- 
though the  occasional  presence  of  matters  of  contagion  ia 
the  atmosphere  is  not  to  be  disputed,  still  it  is  an  assiimptioa 
without  evidence,  that  these  substances  are  volatile  or  tndj 
vaporous.  Other  matters  of  infection  with  which  we  da 
compare  them,  such  as  the  matter  of  cow-pox,  may  be  diiei 
in  the  air,  and  are  not  in  the  least  degree  volatile.  Indeoi 
volatility  of  a  body  implies  a  certain  simplicity  of  constitatiQa 
and  limit  to  the  number  of  atoms  in  its  integrant  partieK 
which  true  organic  bodies  appear  not  to  possess.  It  is  moro 
probable  that  matters  of  contagion  are  highly  organised  pi^ 
tides  of  fixed  matter,  which  may  find  its  way  into  the  it- 
mosphere,  notwithstanding,  like  the  pollen  of  flowers,  and  remsh 
for  a  time  suspended  in  it;  a  condition  which  is  consistent 
with  the  admitted  difficulty  of  reaching  and  destroying  tboN 
bodies  by  gaseous  chlorine,  and  with  the  washing  of  wafls 
and  floors  as  an  ordinary  disinfecting  practice.  On  this  obscure 
subject  I  may  refer  to  a  valuable  paper  by  the  late  Dr.  Henry 
upon  the  application  of  heat  to  disinfection,  in  which  it  ii 
proved  that  a  temperature  of  212°  is  destructive  to  such  con- 
tagious matters  as  could  be  made  the  subject  of  experiment* 

Tlie  compounds  of  nitrogen  with  oxygen  are  the  following:— 

Nitrous  oxide  or  protoxide  of  nitrogen  •        .         .  NO 

Nitric  oxide  or  deutoxide  of  nitrogen     •        ,         •         •  N0| 

Nitrous  acid  (hyponitrous  acid  of  Turner)      .         .         .  N0| 
Peroxide  of  nitrogen  (nitrous  acid  of  Turner,  hyponitric 

addofThenard) *       .  NO4 

Nitric  add NO5 

•  PbU.  Mag.  2nd  Series,  v.  10,  p.  363,  and  rol.  11,  pp.  22,  207,  (1832.) 
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NITROUS  OXIDE. 

Syii.  FROTOXiDB  OF  AZOTE.  Eq.  277  0^  22.2  ;  NO;  densiiy 
15273;  m> 

This  gas  was  discovered  by  Dn  Priestley  about  1776,  and 
itadied  by  Davy,  whose  "  Researches,  Chemical  and  Philoso- 
pUeslt*'  published  in  1809,  contain  an  elaliorate  investigation  of 
ifei  properties  and  composition,  Davy  first  observed  the  stimu- 
liliiig  power  of  nitrous  oxide  when  taken  into  the  lungs,  a 
proptrty  which  has  since  attracted  a  considerable  degree  of 
popular  attention  to  this  gas, 

Preparaiion,  —  Nitrous  oxide  is  always  prepared  from   the 
aitale  of  ammonia.    Some  attention  must  be  paid  to  the  purity 
of  chat  salt,  which  should  contain  no  hydrochlorate  of  ammonia. 
It  is  formed  by  adding  pounded  carbonate  of  ammonia  to  pure 
nitric  acid,  which,  if  concentrated,  may  be  premmsly  diluted 
nitii  half  its  bulk  of  water,   so  long  as  there  is  effervescence  j 
ind  a  small  excess  of  the  carbonate  may  be  left  at  the  end  in 
tile  liquor*     The  solution  is  concentrated  till  its   boiling  point 
hipiis  to  rise  above  250*,  and  a  drop  of  it  becomes  solid  on    a 
mA  ^ass  plate*     On  cooling,  it  forms  a  solid  cake,  which  may 
ht  broken  into  fragments.     To  obtain  nitrous  oxide,  a  quantity 
of  this  salt,  which  should  never  be  less  than  6  or  8  ounces,  is 
iatroduced  into  a  retort^  or  a  globular  flask,  called  a  bolt-head 
Flo.  33.  a,  and  heated  by  a  charcoal 

choffer  ^,  the  diffused  heat  of 
which  is  more  suitable  tlian 
the  heat  of  a  lamp.  Paper 
may  be  pasted  over  the  cork 
of  the  bolt-head  to  keep  it 
air-tight.  At  a  temperature 
not  under  340**  the  salt  boils 
and  begins  to  undergo  decom- 
position, being  resolved  into 
nitrous  oxide  and  water.  As 
List  is  evolved  in  this  decomposition,  which  is  a  kind  of 
combusdoD  or  deflagration,  the  choffer  must  be  withdrawn 
la  faeh  a  distance  from  the  flask,  as  to  sustain  only  a  mo- 
derate ebullition.  If  the  temperature  is  allowed  to  rise  too 
faigby   the   ebullition  becomes  tumultuous,    and    the  flask    is 
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filled  with  white  fiimes^  which  have  an  irritatiiig  odoar; 
and  the  gas  which  then  comes  off  is  little  more  than  nitrogeo. 
Nitrous  oxide  should  be  collected  in  a  gasometer  or  in  a 
gas-holder  filled  with  water  of  a  temperature  about  9(f,  u 
cold  water  absorbs  much  of  this  gas.  The  whole  salt  undeigoei 
the  same  decomposition^  and  nothing  whatever  is  left  in  the 
retort.* 

Nitrous  oxide  is  likewise  produced  when. the  salt  called  nitro- 
sulphate  of  ammonia  is  thrown  into  an  acid ;  and  also  whet 
zinc  and  tin  are  dissolved  in  dilute  nitric  acid,  but  the 
processes  do  not  afford  the  gas  in  a  state  of  purity. 

The  nature  of  the  decomposition  of  the  nitrate  of 
will  be  best  explained  by  the  following  diagram,  in  whidi  a 
equivalent  of  the  salt,  or  1004  parts,  is  supposed  to  be  muL 
It  will  be  observed  that  the  three  equivalents  of  hydrogen  in  Al 
ammonia  are  burned,  or  combine  with  three  equivalents  of 
the  oxygen  of  the  nitric  acid,  and  form  water,  while  the  til 
equivalents  of  nitrogen  in  the  ammonia  and  nitric  add  eo» 
bine  with  the  two  remaining  equivalents  of  the  oxygen  of  tkl 
latter : — 

Before  decomposition. 

!  Oxygen  100 

OxyKen  100 

SxJ^S  m: 

Oxygen  100, 

-^- »»„  w.  ««.«-»^-.^  Nitrogen  177'    - 

fN'itrogen  177^ 

L  Hydrogen    12.6 ^  1 12 Jt  wmter. 

J  12.5  Water.  Water       112.5  112.6  water. 

10(M  1004  1004  1004 

Or  in  symbols  :— 

NH3,  HO  +  N05=2NO  and  4HO. 

From  the  diagram  it  appears  that  1004  grs.  of  the  salt  yield 
554  grains  of  nitrous  oxide  and  450  grains  of  water.  One  gi«& 
of  salt  yields  rather  more  than  one  cubic  inch  of  gas. 

Properties, — Nitrous  oxide  possesses  the  usual  mechanic^ 
properties  of  gases,  and  has  a  faint  agreeable  smelL  It  has  been 
liquefied  by  evolving  it  from  the  decomposition  of  the  nitrate 
of  ammonia  in  a  sealed  tube,  and  possessed  in  the  liquid  state 

*  For  the  preparation  and  properties  of  this  and  other  gases,  the  ElemenU  o( 
ChemUtry  (lS29j  of  the  late  Dr.  Hvory  may  he  contulted  with  tdranUgc. 
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an  elastic  force  of  above  50  atmospheres  at  45*^.  The  gas  is  formed 
by  the  union  of  a  combining  measure,  or  2  volumes  of  nitrogen, 
iritli  a  combining  measure,  or  1  volume  of  oxygen,  which  are 
oofMla!ised  into  2  volumes,  the  combining  measure  of  this  gas. 
Hie  Traght  of  a  single  volume,  or  the  density  of  the  gas,  is 
libtfefore 

Cold  water  a^^tated  with  this  gas  dissolves  about  three-fourths 
of  its  volume  of  the  gas,  and  acquires  a  sweetish  taste,  but,  I 
beHeve,  no  stimulating  properties.  Bodies  which  burn  in  air, 
bum  with  increased  brilliancy  in  this  gas,  if  introduced  in  a 
ftate  of  ignition.  A  newly  blown  out  taper  with  a  red  wick 
may  be  rekindled  in  it,  as  in  oxygen.  Mixed  with  an  equal 
boUc  of  hydrogen  and  ignited  by  flame  and  the  electric  spark,  it 
detonates  violently.  In  all  these  cases  of  combustion,  the 
DitrcmB  oiide  is  decomposed,  its  oxygen  uniting  with  the  com- 
boitible  and  its  nitrogen  being  set  free.  When  transmitted 
tbrougb  a  red-hot  porcelain  tube,  nitrous  oxide  is  likewise  de- 
composed and  resolved  into  oxygen,  nitrogen,  and  the  peroxide 
of  nitrogen. 
Nitrous  oxide  was  supposed  by  Davy  to  combine  with  alka- 
when  generated  in  contact  with  them,  but  these  com- 
ds  have  since  been  found  to  contain  nitrosulphuric  acid. 
This  gas  may  be  respired  for  two  or  three  minutes  without 
(Convenience,  and  when  the  gas  is  unmixed  with  air,  and  the 
have  been  well  emptied  of  air  before  respiring,  it  induces 
m  agreeable  state  of  revery  or  intoxication,  often  accompanied 
▼ith  considerable  excitement,  which  lasts  for  a  minute  or  two, 
and  disappears  without  any  unpleasant  consequences.  The  gas 
from  an  ounce  and  a  half  or  two  ounces  of  nitrate  of  ammonia 
is  sufficient  for  a  dose,  and  it  should  be  respired  from  a  bag  of 
the  size  of  a  large  ox-bladder,  and  provided  with  a  wooden  tube 
of  an  inch  internal  diameter.  Tlie  volume  of  the  gas  diminishes 
rapidly  during  the  inspiration,  and  finally  only  a  few  cubic  inches 
fODttin.  An  animal  entirely  confined  in  this  gas  soon  dies  from 
tbe  prolonged  effects  of  the  intoxication. 
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Syn.     DBUTOXIDB    OF    AZOTB^    BBUTOXIBB    OF    NITBOGIK^ 

BiNOxiOB  OF  NiTROGBN  {TumeT,)  NITROUS  GAB  {Priaikf,) 
Eg.  277  or  30.2;  NOg;  density  1039.3; 


This  gas  which  comes  off  during  the  action  of  nitric  add 
upon  most  metals^  appears  to  have  been  collected  by  Dr.  Hik^ 
the  father  of  pneumatic  chemistry,  but  its  properties 
first  minutely  studied  by  Dr.  Priestley. 

Preparation. — Nitric  oxide  is  easily  procured  by  the  j 
of  nitric  acid  diluted  to  the  specific  gravity  1.2,  npon  shed 
copper  clipped  into  small  pieces.  As  no  heat  is  required,  tiiii 
gas  may  be  evolved  like  hydrogen  firom  a  gas  bottle  (page  257-) 
Mercury  may  be  substituted  for  copper,  but  it  is  then  neoessvjr 
to  apply  a  gentle  heat  to  the  materials.  This  gas  may  be 
collected  and  retained  over*water  without  loss. 

In  dissolving  in  nitric  acid,  the  copper  takes  oxygen  froa 
one  portion  of  acid  and  becomes  oxide  of  copper,  whidi 
combines  with  another  portion  of  add,  and  forms  Ike 
nitrate  of  copper,  the  solution  of  which  is  of  a  blue  odour. 
The  portion  of  nitric  add  which  is  decomposed,  losing  thvee 
equivalents  of  oxygen  and  retaining  two,  appears  as  nitrio 
oxide  gas.  This  is  more  clearly  shown  in  the  following 
diagram: — 

ACTION  OF  NITRIC  ACID  UPON  COPPBR. 


Before  decompositioiu 


677  Nitric  add 


896  Copper  . 
677  Nitnc  add 
396  Copper  . 
677  Nitnc  acid 
396  Copper  . 
677  Nitnc  acid 


rNitrogen 

1  Oxygen 

I  Oxygen 
Oxygen 
Oxygen 

^Oxygen 
Copper 
Nitric  acid  677 
Copper  .  396 
Nitric  acid  677 
Copper  .  396 
Nitric  acid  677 


177 
100 
100 
100 
100 
100 
396 


After  decompoeitioa. 

377  Nitric  oxide. 


1 1 73  Nitrate  of  copper. 
1173  Nitrate  of  copper. 
1 1 73  Nitrate  of  copper. 


3896 


3896 


3896 
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Or  in  s pnbols : — 

4NO5  and  3Cu^3(Cu  O,  NO5)  and  NO^, 

Propiriie9. — ^This  gas  is  coloturless,  but  when  mixed  with  air 
il  produces  ruddy  fumes  of  the  peroxide  of  nitrogen.  It  is 
irritating,  and  causes  the  glottis  to  contract  spasmodically 
when  an  attempt  is  made  to  respire  it*  Nitric  oxide  has 
never  been  liquefied:  water  at  60*  according  to  Dr.  Henry, 
takes  up  only  5  or  6  per  cent  of  this  gas*  It  is  formed  of  one 
combining  measure  of  nitrogen  or  2  volumes,  and  two  com- 
bining measures  of  oxygen  or  2  volumes,  united  without  con- 
detisation,  so  that  the  combining  measure  of  nitric  oxide 
coQtaiixis  4  volumes.  The  weight  of  one  volume,  or  the  density 
of  the  gas,  is  therefore 

This  gas  is  not  decomposed  by  a  low  red  heat. 

Many  combustibles  do  not  bum  in  nitric  oxide,  although 
it  contains  half  its  volume  of  oxygen.  A  lighted  candle  and 
burning  sulphur  are  extinguished  by  it ;  mixed  with  hydrogen, 
not  exploded  by  the  electric  spark  or  by  flame,  but  it 
imparts  a  green  colour  to  the  flame  of  hydrogen  burning  in 
m.  Phosphorus  and  charcoal,  however,  mtroduced  in  a 
itale  of  ignition  into  this  gas,  continue  to  burn  with  increased 
tdiemence*  The  state  of  combination  of  the  oxygen  in  this 
appears  to  prevent  that  substance  from  uniting  with  com- 
ibles,  unless,  like  the  two  last  mentioned,  they  evolve  so 
^Wmik  heat  as  to  decompose  the  nitric  oxide.  Several  of  the 
more  oxidable  metals,  such  as  iron,  withdraw  the  half  of  the 
oxyg^  from  this  gas,  when  left  in  contact  with  it,  and  convert 
itiato  nitrous  oxide. 

No  property  of  nitric  oxide  is  more  remarkable  than  its 
attraction  for  oxygen,  and  it  may  be  employed  to  separate 
this  from  all  other  gases.  Nitric  oxide  indicates  the  presence 
of  free  oxygen  in  a  gaseous  mixture,  by  the  appearance  of  fumes 
irlucli  ai«  pale  and  yellow,  with  a  small,  and  reddish  brown 
■lid  dense  with  a  large  proportion  of  the  latter  gas ;  and  also 
bf  a  subsequent  contraction  of  the  gaseous  volume,  arising 
fitm  the  absorption  of  these  fumes  by  water.  Added  in 
MifficLent  qujuittty,  nitric  oxide  will  thus  withdraw  oxygen  most 
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completely  from  any  mixture.  But  notwithstanding  tfaia  pn^ 
perty,  nitric  oxide  cannot  be  employed  with  advantage  in  die 
analysis  of  air  or  similar  mixtures,  for  the  contmction  whkk 
it  occasions  does  not  afford  certain  data  for  determining  tb 
proportion  of  oxygen  which  has  disappeared.  Nitric  ouli 
is  capable  of  combining  with  different  proportions  of  QXjge^ 
a  combining  measure  or  4  volumes  of  the  gas  uniting^  in  ioA 
experiments,  with  1,  2  or  3  volumes  of  oxygen^  and  fomxiag 
nitrous  acid,  peroxide  of  nitrogen  or  nitric  addj  or  sevent 
of  these  compounds  at  the  same  time. 

This  oxide  of  nitrogen,  Uke  the  preceding,  is  a  neutodi 
body,  and  has  a  very  limited  range  of  affinity.  A  substuM 
is  left  on  igniting  the  nitrate  of  potash  or  barytes,  whidk) 
was  supposed  to  be  a  compound  of  nitric  oxide  with  potassiiuit 
or  barium,  but  Mitscherlich  finds  it  to  be  either  the  caustic  pQn 
toxide  itself  or  the  peroxide  of  the  metaL  But  nitric  oxidii 
is  absorbed  by  a  solution  of  the  sulpl^ate  of  iron,  whidvifc 
causes  to  become  black ;  the  greater  part  of  the  gas  may  ifi 
expelled  again  by  boiling  the  solution.  All  the  solable  pntof, 
salts  of  iron  have  the  same  property,  and  the  nitric  (naif^ 
remains  attached  to  the  oxide  of  iron  when  precipitited  i^ 
the  insoluble  salts  of  that  metal.  The  proportion  of  nitrifi 
oxide  in  these  combinations  is  found  by  Peligot  to  be  defimtij. 
one  eq.  of  the  nitric  oxide  to  four  of  the  protoxide  of  iron ;  oi^' 
the  nitric  oxide  contains  the  proportion  of  oxygen  required  to, 
convert  the  protoxide  into  peroxide  of  iron.*  Nitric  oxide  \ 
is  also  absorbed  by  nitric  acid«  With  sulphurous  add  nitriSj 
oxide  forms  a  compound  which  will  be  more  particulariy  no- 
ticed under  that  acid. 

NITROUS  ACID. 

Syn,  AzoTOus  aoid  (Thenard,)  htponitrous  acid  (TvaoB^ 
Eq.  477  or  38.2  ;  NO,. 

The  direct  mode  of  forming  this  compound  is  by  mixing 
4  volumes  of  nitric  oxide  with  1  volume  of  oxygen,  both  per* 
fectiy  dry,  and  exposing  the  mixture  to  a  great  degree  of  ookL 
The  gases  unite  and  condense  into  a  liquid  of  a  green  ookwr, 
which  is  very  volatile,  and  forms  a  deep  reddish  yc^w  cdound 

•  An.  de  Cli.  et  de  Ph.  t.  54,  p.  17. 
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mpQtir.  Nitrous  acid  prepared  in  this  way  is  decomposed 
■It  once  when  thrown  into  water ;  an  effervescence  occurring 
from  the  eftca|>e  of  nitric  oxide,  and  nitric  acid  being  produced 
wliicfa  gives  stability  to  a  portion  of  the  nitrous  acid.  Nitrous 
wad  caitttot  be  made  to  unite  directly  with  alkalies  and  earths, 
ivolnibly  owing  to  the  action  of  water  first  described.  But 
wbeii  oxygen  gas  is  mixed  with  a  large  excess  of  nitric  oxide, 
in  oofitact  with  a  solution  of  caustic  potash,  the  gases  were 
(&ond  by  Gay-Lussac  always  to  disappear  in  the  proportions 
of  nitrous  acid,  which  was  produced  and  entered  into  combi- 
m&m  with  the  potash^  forming  a  nitrite  of  potash.  Similar 
nitrites  may  also  be  produced  by  calcining  the  nitrate  of  potash 
l31  the  fused  salt  becomes  alkaline  ;  or  by  boiling  the 
aiftrsle  of  lead  y/nxh  metallic  lead*  The  nitrite  of  potash  may 
be  dissolved  and  filtered,  and  the  solution  precipitated  by  ni- 
tfHe  of  silrer ;  a  process  which  gives  the  nitrite  of  silver,  a  salt 
potsessing  a  sparing  degree  of  solubility  like  that  of  cream  of 
Ivtar,  but  which  may  be  purified  by  solution  and  crystal- 
fixatioa^  and  then  affords  a  ready  means  of  obtaining  the  other 
trttriles  by  double  decomposition  (Mitscherlich.)  When  free 
«olphftric  acid  is  added  to  a  solution  of  nitrite  of  silver,  the  li- 
berated nitrous  acid  is  immediately  resolved  into  nitric  acid  and 
airic  oxide.     ITie  subnitrite  of  lead,  on  the  other  hand,  may 

^ be  decomposed  by  the  bisulphate  of  potash  or  soda  to  obtain  a 
anitiml  nitrite  of  one  of  these  bases  (Berzelius.) 
rNitrooB  acid  is  also  capable  of  combining  with  several  acids, 
kparticttlar  with  iodic,  nitric,  and  sulphuric  acids.     Its  combi- 
■itioo  with  the  last  is  a  crystalline  solid  of  specific  gravity  U831, 
lUch  is  of  considerable  interest  from  its  occurrence  in  the  ma- 
aa&etttre   of  sulphuric  acid*     According   to   the    analysis    of 
Qnltier  da  Claubry,  its  constituents  are  5  eq.  of  sulphuric  acid, 
I  of  mtrous  add  and  4  of  water.     When  moist  sulphurous  acid 
|Uaod  peroxide  of  nitrogen  are  in  contact,  this  crystalline  com- 
pomnil  is  formed,  tlie  sulphurous  acid  gaining  the  oxygen  which 
llie  other  loses.     A  little  nitrogen  appears  at  the  same  time,  so 
Utti  «  portaoti  of  the  peroxide  of  nitrogen  must  he  completely 
decompoMxL     If  the  crystalline  compound  comes  in  contact 
with  steam  or  a  small  quantity  of  water,  the  sulphuric  acid  com- 
bines exdasively  with  tlie  water,  and  the  liberated  nitrous  acid 
IB  nsolvrd  into  nitric  oxide  and  peroxide  of  nitrogen,  both  of 
But  ¥rith  a  large  quantity  of  water  a  por- 
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tion  of  the  nitrous  acid  is  always  decomposed  into  nitric  oxide 
gas  and  nitric  acid.* 

It  must  be  admitted  that  some  obscurity  still  hangs  over  tin 
nature  of  this  acid,  when  uncombined,  the  formation  of  the 
nitrites  by  6ay-Lussac's  process  appearing  to  be  incompatiUe 
with  the  properties  ascribed  to  the  free  acid  by  Dulong.  Iti 
tendency  to  combine  with  acids  has  already  been  noticed  u  M- 
similating  this  compound  of  nitrogen  to  arsenioos  add  and  tie 
oxide  of  antimony  (page  146.) 

PEROXIDE  OF  NITROGEN. 

8yn.  NITROUS  acid  {Turner^)  hyponitric  acid,  nitboct 
GAS  {Berzelius.)  Eg.  577  or  46.2;  NO^;  denHiy  8181.2;  [T} 


1 


This  compound  forms  the  principal  part  of  the  ruddy 
which  always  appear  on  mixing  nitric  oxide  with  air.  At  it 
cannot  be  made  to  unite  either  directly  or  indirectly  with  b•ia^ 
and  has  no  acid  properties,  any  designation  for  this  oxide  if 
nitrogen  which  implies  acidity  should  be  avoided^  and  the  iMflM 
nitrous  acid  in  particular,  which  is  applied  on  the  continent  le 
the  preceding  compound.  The  name  peroxide  of  nitrogen  il 
more  in  accordance  with  the  rules  generally  followed  in  naintnf 
such  compounds. 

Preparation. — When  4  volumes  of  nitric  oxide  and  3  rf 
oxygen,  both  perfectly  dry,  are  mixed,  this  compound  is  ekne 
produced,  and  the  6  volumes  of  mixed  gases  are  condensed  isle 
2  volumes,  which  may  be  considered  the  combining  measure  ef 
peroxide  of  nitrogen.  The  weight  of  1  volume,  or  the  deniity 
of  this  gas  must  therefore  be 

1039.x34-Hia2.6x2_.^,Q^  2 

The  peroxide  of  nitrogen  is  also  contained  in  the  coloured  end 
fuming  nitric  acid  of  commerce,  and  may  be  obtained  in  4e 
liquid  condition,  by  gently  warming  that  acid,  and  condenaiC 
the  vapour  which  comes  over,  by  transmitting  it  through  a  ^i* 
tube  surrounded  by  ice  and  salt.  But  it  is  prepared  with  moet 
advantage  from  the  nitrate  of  lead,  the  crystals  of  whidi,  ete 
being  pounded  and  dried,  are  distilled  in  a  retort  of  stoneware 

•  An.  dc  Ch.  et  dc  Ph.  t.  45,  p.  284. 
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or  hard  gbts,  at  a  red  heat,  and  the  red  vapours  condensed  in 

a  reodyer  kept  very  cold  by  a  freezing  mixture*     Oxygen  gas 

escapes  during  tlie  whole  process,  the  nitric  acid  of  the  nitrate 

of kad  being  resolved  into  oxygen  and  peroxide  of  nitrogen; 

or  N0^=N04  and  O.    As  obtained  by  the  last  process,  which 

wta  proposed  by  Dulong,  peroxide  of  nitrogen  is  a  highly  vo- 

iMtile  liquid,    boilijig    at   82"*,    of  a   red  colour    at    the    usual 

lemperaCure,    orange    yellow    at    a    lower    temperature,    and 

acarly  colourless   below   zero,  of  density  1.451,  and   a  white 

iolid   mass  at  ^^Oo.     It   is   exceedingly   corrosive,    and  like 

nitric  acid  stains  the  skin  yellow.     The  red  colour  of  its  va- 

fom  becomes  paler  at  a  low  temperature,  but  with  heat  in- 

gfWiift  greatly  in  intensity,  so  as  to  appear  quite  opaque  when 

h  1  considerable  body  at  a  high  temperature.     It  is  the  rapour 

Brewster  observed  to  produce  so  many  dark  lines  in  the 

of  a  ray  of  light  which  had  passed  through  it  (page  D2,) 

%M  peroxide  is  not  decomposed  by  a  low  red  heat,  and  appears 

to  be  the  most  stable  of  the  oxides  of  nitrogen.     No  compound 

of  it  is  known,  unless  peroxide  of  nitrogen  be  the  radical,  as 

mmtt  suppose,  of  nitric  acid.     But  Berzelius  is  inclined  to  con- 

idtr  this  oxide  as  itself  a  compound  of  nitric  and  nitrous  acids, 

fcrN04-fN03=2N04.» 

Tlie  liquid  peroxide  of  nitrogen  is  partially  decomposed  by 
n&er^  nitric  oxide  coming  off  with  effervescence,  and  more  and 
ftoi«  nitric  acid  being  produced,  in  proportion  to  the  quantity  of 
viter  idded  ;  but  a  portion  of  the  peroxide  always  escapes  this 
idaon,  being  protected  by  the  nitric  acid  formed*  In  the  pro- 
of this  dilution  the  liquid  undergoes  several  changes  of 
*,  passing  from  red  to  yellow,  from  that  to  green^  then 
Id  blue,  and  becoming  at  last  colourless.  The  peroxide  of  ni- 
trogen is  readily  decomposed  by  the  more  oxidable  metals,  and 
ts  a  powerful  oxidising  agent. 

NITRIC  ACID- 

'^        * .  iD(T7iefiard,)     Eq.  677  i  NO^j  does  not  exut 

- . ,  ^  ■ '  . "  I  .  ton. 

A  knowledge  of  tliis  highly  important  acid  has  descended  from 
Ab  earliest  ages  of  chemistry,  but  its    composition  was  first 

•  Tf«l^  de  Chimie,  p«r  J.  J.  Bcnsf litis,  traduit  par  B  Valerius,  Bruxellei.  183S, 
L  U  f.  I95«     An  excfiWnl  edition  of  ihe  most  iraluabk  »yaU;m  of  cliemiatr/  wliich 
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ascertained  by  Cavendish,  in  1 785.  He  succeeded  in  forming 
nitric  acid  from  its  elements,  by  transmitting  a  succession  of 
electric  sparks  during  several  days,  through  a  small  quantity  of 
air,  or  through  a  mixture  of  1  volume  of  nitrogen  and  2|  volumei 
of  oxygen,  confined  in  a  small  tube  over  water,  or  over  sohi* 
tion  of  potash  ;  in  the  last  case  the  absorption  of  the  gases  wai 
complete  and  nitrate  of  potash  was  obtained.  A  trace  of  this  add 
in  combination  with  ammonia  has  been  detected  in  the  rain  of 
thunder  storms,  produced  probably  in  the  same  manner.  It  was 
also  observed  by  Gay-Lussac  to  be  the  sole  product  when  nitrift 
oxide  is  added,  in  a  gradual  manner  to  oxygen  in  excess  ofW 
water;  the  gases  then  unite  and  disappear  in  the  proportion  of  4 
volumes  of  the  former  to  3  of  the  latter.  It  is  also  a  coiuti-. 
tuent  of  the  salt,  nitre  or  saltpetre,  found  in  the  soil  of  Indiatfid 
Spain,  which  is  a  nitrate  of  potash,  and  also  of  nitrate  of  aoda 
which  occurs  in  large  quantities  in  South  America. 

Preparation. — ^This  acid  cannot  exist  in  an  insulated  stat% 
but  is  always  in  combination  with  water,  as  in  aqua  fortii  OK 
the  hydrate  of  nitric  acid,  or  with  a  fixed  base,  as  in  tilt 
ordinary  nitrates.  The  hydrate,  (which  is  popularly  tenndl 
nitric  acid,)  is  eliminated  from  nitrate  of  potash  by  means  of  oft 
of  vitriol,  which  is  itself  a  hydrate  of  sulphuric  acid.  Thaticid 
unites  with  potash,  in  this  decomposition,  and  forms  suljdiatt 
of  potash,  displacing  nitric  acid,  which  last  brings  ofif  in  ooi»* 
bination  ^vith  itself  the  water  of  the  oil  of  vitriol.  There  is  % 
great  advantage,  first  pointed  out  by  Mr.  PhiUips,  in  using  *■• 
equivalents  of  oil  of  vitriol  to  one  of  nitrate  of  potash,  which  h 
97  of  the  former  to  100  of  the  latter,  or  nearly  equal  wei^ill^ 
The  acid  and  salt,  in  these  proportions,  are  introduced  intos 
capacious  plain  retort,  provided  with  a  flask  as  a  reoeiiA 
Upon  the  application  of  heat,  a  little* of  the  nitric  add  finft 
evolved  undergoes  decomposition,  and  red  fumes  appear,  but 
soon  the  vapours  become  nearly  colourless,  and  are  easily  con- 
densed in  the  receiver.  During  the  whole  distillation,  the  ttfft' 
perature  need  not  exceed  260°.  The  mass  remains  pasty  tilltl 
the  nitric  acid  is  disengaged,  and  then  enters  into  fusion;  tA 
vapours  again  appearing  towards  the  end  of  the  process.  If  tta 
neck  of  the  retort  now  be  heated,  the  residuary  salt,  while  itffl 
fluid,  may  be  poured  out  into  a  bason  ;  it  is  the  bisulphate  d 
potash,  which  may  be  used  for  different  purposes  after  it  hii 
solidified.  The  rationale  of  this  important  process  is  exUbitod 
in  the  following  diagram  : — 
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hkn  dteoupoaltloa.  After  decomposition. 

rNMricMld      .   «77    .  7l«.5  Nitric  add  ami  waur. 

W  Mltraleorpola^^ 


{Water     . 
Snipharic  add  Ml  "^IWl     fhilpbateorpoUshi  bbul.  of 

ilUOa  ar Titrlol.  OUorritrtol    .   ffIS.5  A13^  iiulpbatc  of  uat«r./ potash. 

N  34iM  34!M 

1  this  operation  twice  as  much  sulphuric  acid  is  employed, 
ibrequiied  to  neutralize  the  potash  of  the  nitre,  by  which 
SKIS  the  whole  nitric  acid  is  eliminated  without  loss  at  a  mo- 
srate  temperature,  and  a  residuary  salt  is  left  which  is  easily 
moved  from  the  retort. 

Widi  half  the  preceding  quantity,  or  a  single  equivalent  of  oil 
Fvitriol,  the  materials  in  the  retort  are  apt  to  undergo  a  vosi- 
dsr  swelling,  upon  the  application  of  heat,  and  to  pass  into 
le  recriver.  Abundance  of  ruddy  fumes  are  also  evolved,  that 
t  not  easily  condensed,  and  prove  that  the  nitric  acid  is  de- 
Koposed.  The  temperature  in  this  process  must  also  be  raised 
conveniently  high  towards  the  end  of  the  operation,  in  order 
^decompose  the  whole  nitre.  The  peculiarities  of  the  decom- 
mtkm  here  arise  from  tlie  formation  of  bisulphate  of  i)otash  in 
tttqperation,  the  whole  sulphuric  acid  uniting  in  the  first  in- 
mce  with  half  the  potash  of  the  nitre.  Now,  it  is  only  at  an 
erated  temi)erature  that  the  acid  salt  thus  formed  can  decom- 
wt  the  remaining  nitre ;  a  temperature  which  is  sufticient  to  de« 
mpose  nitric  acid,  as  may  be  proved  by  transmitting  the  vapour 
the  concentrated  acid  through  a  tube  heated  to  the  same  degree. 
PreperiieM. — ^The  acid  prepared  by  the  first  process  is  colour- 
■  or  has  only  a  straw  yellow  tint.  If  the  oil  of  vitriol  lias 
Ml  in  its  most  concentrated  condition,  which  is  seldom  the 
K,  the  nitric  acid  is  in  its  state  of  highest  concentration  also, 
id  contains  no  more  than  a  single  equivalent  of  water,  accord- 
;to  Mitscherlich.  The  density  of  this  acid  is  1.522  at  SH^  ; 
It  a  slight  heat  disengages  a  little  peroxide  of  nitrogen  from  it, 
dits  density  becomes  1.521.  It  boils  at  187%  but  when  dis- 
led,  it  is  partially  decomposed  by  the  heat  and  affords  a  ])ro- 
ct  of  a  strong  yellow  colour.  Its  vapour  transinittod  through 
loroelain  tube,  heated  to  dull  redness,  is  decomposed  in  a 
sat  measure  into  oxygen  and  peroxide  of  nitrogen  ;  and  into 
fgen  and  nitrogen  gases,  when  the  tube  is  heated  to  white* 
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ness.  The  colourless  liquid  acid  becomes  yeJlow,  when  Exposed 
to  the  rays  of  the  sun^  and  on  loosening  the  stopper  of  thfi 
bottle,  it  is  sometimes  projected  with  force,  from  the  state  of 
compression  of  the  disengaged  oxygen.  Hence  to  preserve 
this  acid  colourless  it  must  be  kept  in  a  covered  bottle.  It  con- 
geals at  about  —40®,  but  diluted  with  half  its  weight  of  water, 
it  becomes  solid  at  l\%  and  with  a  little  more  water  itsfreenng 
point  is  again  lowered  to  —45®.  Exposed  to  the  air  the  conoen- 
trated  acid  fumes,  from  the  condensation  by  its  vapour  of  tk 
moisture  in  the  atmosphere.  It  also  attracts  moisture  ftoH 
damp  air,  and  increases  in  weight;  and  when  suddenly  imnl 
with  3-4ths  of  its  weight  of  water,  may  rise  in  temperature  fim 
60®  to  140®. 

Nitric  acid  has  a  great  affinity  for  water,  and  diminisbeiin 
density  with  the  proportion  of  water  added  to  it.  A  table  hv 
been  constructed  by  Dr.  Ure,  in  which  the  per  centage  of  ibi^ 
lute  acid  is  expressed  in  mixtures  of  various  densities,  whidiii 
useful  for  reference  and  will  be  given  in  an  appendix.  Thert 
are  several  definite  hydrates  of  this  add.  The  most  conoei* 
trated  acid  contains  a  single  equivalent  of  water ;  a  second  tflU 
appears  to  exist,  having  a  density  of  about  1.48,  which  oontuai 
two  of  water,  and  forms  the  nitric  acid  which  has  little  or  ne 
action  upon  tin,  iron  and  some  other  metals ;  there  is  stiUa  diirf 
acid  of  density  1.42,  which  contains  four  equivalents  of  witff. 
This  last  hydrate  was  found  by  Dr.  Dalton  to  have  the  higliert 
boiling  point  of  any  hydrate  of  nitric  acid,  namely  248*,  •n' 
both  weaker  and  stronger  acids  are  brought  to  this  strength  \ff 
continued  ebullition,  the  former  losing  water  and  the  latter  acii 
The  density  of  the  vapour  of  this  hydrate  is  found  to  be  \24%\fJ 
A.  Bineau,  and  it  contains  2  volumes  of  nitrogen,  5  volumei  cf 
oxygen  and  8  volumes  of  steam  condensed  into  10  volusicti 
which  are  therefore  the  combining  measure  of  this  vapour.* 

Nitric  acid  is  exceedingly  corrosive,  and  one  of  the  strongeik 
acids,  yielding  only  in  that  respect  to  sulphuric  acid.  The  fto- 
lity  with  which  it  parts  with  its  oxygen,  renders  it  very  pn^ 
for  oxidating  bodies  in  the  humid  way,  a  purpose  for  which  it  a 
constantly  employed.  Nearly  all  the  metals  are  oxidized  by 
means  of  it ;  some  of  them  with  extreme  violence,  such  as  cop- 
per, mercury  and  zinc,  when  the  concentrated  acid  is  used ;  in^ 
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tin  and  iroo  by  the  acid  very  slightly  diluted.  Poured  upon  red 
liot  charooal,  it  causes  a  brilliant  combustion.  When  mixed 
witli  n  fourth  of  its  bulk  of  sulphuric  acid,  ajid  thrown  upon  a 
few  drops  of  oil  of  turpentine,  it  occasions  an  explosive  combus- 
fcioa  of  the  oil.  Sulphur  digested  in  nitric  acid  at  the  boiling 
ftoiiit  is  raised  to  its  highest  degree  of  oxidation  and  becomes 
mlpbtuic  acid ;  iodine  is  also  converted  by  it  into  iodic  acid. 
Most  vegetable  and  animal  substances  are  converted  by  dilute 
aitrie  »cid  into  oxalic,  malic  and  carbonic  acids.  It  stains  the 
Oilicfe  and  nails  of  a  yellow  colour^  and  has  the  same  etfcct 
i|paii  wool ;  the  orange  patterns  upon  woollen  table  covers  are 
piodiiced  by  means  of  it.  In  the  undiluted  state  it  forms  a 
powerfid  cautery. 

la  acting  upon  the  less  oxidable  metals,  such  as  copper  and 
aiercury,  nitric  acid  is  itself  decomposed,  and  nitric  oxide  gas 
ftoinssedf  which  comes  off  with  eifervescence.     Palladiuoi  and 

when  they  are  dissolved  by  the  acid  in  the  cold,  produce 
acid  in  the  Uquor  and  evolve  no  gas,  but  this  is  very 
in  the  solution  of  metals  by  nitric  acid.     Those  metals, 

ift  zinc,  which  are  dissolved  in  diluted  acids  with  the  evo- 

of  hydrogen,  act  in  two  ways  upon  nitric  acid  ;  sometimes 

decompose  it,    so  as  to  disengage  a  mixture  of  peroxide  of 

and  nitric  oxide,  and   at  other  times  tlicy   decompose 

water  and  nitric  acid  at  once,  in  sucii  proportions  that  the 

;eo  of  the  water  combines  with  the  nitrogen  of  the  acid 
tefitrm  ammonia,  which  last  combines  wnth  another  portion  of 
mdf  and  is  retained  in  the  hquor  as  nitrate  of  ammonia.  The 
pmtojdde  of  nitrogen  is  also  evolved  when  zinc  is  dissolved  in 
wnf  feeble  nitric  acid,  which  may  arise  from  the  action  of  hy- 
drogen upon  nitric  oxide*  Nitric  acid,  in  its  highest  state  of 
aiBomtrntion,  exerta  no  violent  action  upon  certain  organic 
ices,  such  as  lignin  or  woody  fibre  and  starch,  for  a  short 

but  unites  with  them  and  forms  singular  compounds.  A 
mod  for  such  experiments  is  procured  with  most  certain- 
ly by  disliUing  UK)  parts  of  nitre,  with  no  more  than  GO  parts  of 
the  strongest  oil  of  vitriol.  Ifimperis  soaked  for  one  minute  in 
SBch  au  acid,  and  afterwards  washed  with  water,  it  is  found  to 
skrivd  tap  a  little  and  become  nearly  as  tough  as  parchment,  and 
wbrn  dried  to  be  remarkably  inflammable,  tiatcliing  fire  at  so  low 
a  tetnpeniiure  as  356%  and  burning  without  any  nitrous  odour. 
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Nitric  add  forms  an  important  class  of  salts,  the  nitrate^ 
which  occasion  deflagration  when  fused  with  a  oombostibleil 
a  high  temperature,  firom  the  oxygen  in  their  acid^  and  aren- 
markable  as  a  class  for  their  general  solubility,  no  nitrate  being 
insoluble  in  water.  The  nitrate  of  the  black  oxide  of  mercury  b 
perhaps  the  best  soluble  of  these  salts.  In  neutral  nitrates  the 
oxygen  in  the  acid  is  always  five  times  that  in  the  base.  The 
nitrates  of  potash,  soda,  ammonia,  barytes  and  strontian,  m 
anhydrous;  but  the  nitrates  of  the  extensive  magnesian  dasi  of 
oxides  all  contain  water  in  a  state  of  intimate  combination,  one 
equivalent  at  least  of  it  appearing  to  be  inseparable  from  tlit 
salt,  and  they  have  a  formula  analogous  to  that  of  hydrated  ni- 
tric acid,  or  the  nitrate  of  water  itself.  The  nitric  acid  of  sp^ 
gr.  1.42  appears  to  be  the  proper  nitrate  of  water,  and  of  the 
four  atoms  of  water  which  it  contains,  one  is  combined  with 
the  acid  as  base,  and  may  be  named  basic  water,  while  the  cdicf 
three  are  in  combination  with  the  nitrate  of  water,  and  may  be 
termed  the  constitutional  water  of  that  salt.  Tlie  same  tlini 
atoms  of  constitutional  vvater  are  fomid  in  all  the  magnesian  ni* 
trates,  with  the  addition  oflen  of  another  three  atoms  of  watOt 
as  appears  from  tlie  following  formulce :  — 

Nitric  acid,   1.42.         .         .         .HO,N05+3HO 
Prismatic  nitrate  of  copper.         .  CuO,  NOg+SHO 
Rhomboidal  nitrate  of  copper.      .  CuO,  NOg-fSUO+SHO 
Nitrate  of  magnesia.  .         .  MgO,  NOg-fSUO+sHO 

The  proportion  of  water  in  the  nitrate  of  magnesia  may  beifr 
duccd,  by  heating  the  salt,  to  one  atom,  leaving  the  compound 
MgO,N05  +  IIO;  but  on  urging  the  temperature  still  higher, 
the  last  atom  of  water  and  the  acid  are  expelled  together,  vA 
magnesia  is  left  behind,  neither  this  nor  any  other  nitrate  of  the 
magnesian  class  being  capable  of  existing  without  an  atom  cf 
water.  The  nitrates  of  tlie  potash  and  magnesian  classes  do  not 
combine  together,  and  no  double  nitrates  are  known,  nor  jir 
trates  with  excess  of  acid.  The  nitrates  with  excess  of  metsUic 
oxide,  which  are  called  subnitrates,  appear  to  be  formed  on  tte 
type  of  the  magnesian  class:  the  subnitrate  of  copper,  being 
HO,  NOg  +  3CuO,  or  nitrate  of  water  with  three  atoms  rf 
constitutional  oxide  of  copper ;  while  the  nitrate  of  red  oxide  of 
mercurj'  is  HgO,  NO5  -f  HgO,  or  it  resembles  the  nitrate  of 
magnesia  which  has  been  strongly  dried,  MgO,  NOs+HO* 
(Kane.) 
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^Mlrio  acid  m  a  solution  cannot  he  detected  by  precipitating 
llHit  sod  in  combination  with  any  base,  as  the  nitmtes  are  aU 
nhible,  90  that  tests  of  another  nature  must  be  had  recourse 
to,  to  aaoerUin  its  pres<jnce.  A  highly  diluted  solution  of  sul- 
ftmJtt  of  indigo  may  be  boiled  without  change,  but  on  adding  to 
itaitbe  bothng  temperature,  a  liquid  containing  free  nitric  acid, 
the  blue  colour  of  the  indigo  is  instantly  destroyed.  If  it  is  a 
oeotFal  nitrate  which  is  tested^  a  little  sulphuric  acid  should  be 
iitdod  to  the  solution,  to  Hberate  the  nitric  acid^  before  mixing 
il  villi  the  sulphate  of  indigo.  It  is  also  necessary  to  guard 
i|auist  the  presence  of  a  trace  of  nitric  acid  in  the  sulphuric 
aisid.  Another  test  of  the  presence  of  nitric  acid  has  lately  been 
pioposed  by  de  Richemont.  The  liquid  containing  the  nitrate 
ii  mixed  with  rather  more  than  an  equal  bulk  of  oil  of  vitriol^ 
and  when  the  mixture  has  become  coolj  a  few  drops  of  a  strong 
idutioii  of  protosulphate  of  iron  are  added  to  it.  Nitric  oxide 
I  evolved,  and  combines  with  the  protosulphate  of  iron,  pro- 
a  rose  or  purple  tint  even  when  the  quantity  of  nitric 
1  is  very  small.  One  part  of  nitric  acid  in  2  4,000  of  water 
been  detected  in  this  manner.  Free  nitric  acid  also  is 
ic  of  dissolving  gold4eaf,  although  heated  upon  it,  but 
laBpires  that  property  when  a  drop  of  hydrochloric  acid  is  added 
hU  But  in  testing  the  presence  of  this  acid,  it  is  always 
We  to  neutralize  a  portion  of  the  liquor  with  potash,  ajid 
i  iifaporate  so  as  to  obtain  the  thin  prismatic  crystals  of 
,  which  may  be  recognized  by  their  form,  by  their  cooling 
taate,  their  power  to  deflagrate  corabustiljics  at  a  red 
f  and  by  the  characteristic  action  of  the  acid  they  contain, 
htn  liberated  by  sulphuric  acid,  upon  copper  and  other  metals, 
\  which  ruddy  nitrous  fnnies  are  produced.  If  nitric  acid  be 
ily  pure,  it  may  be  diluted  with  distilled  water,  and  is  not 
by  nitrate  of  silver,  nor  by  chloride  of  barium,  the 
of  which  detects  the  presence  of  hydrochloric  acid  by 
ag  a  white  precipitate  of  chloride  of  silver;  the  last 
lieteeta  vulphuric  acid  by  forming  the  white  insoluble  sulphate 
«l  barytett.  The  fuming  nitric  acid  may  be  freed  from  hydro- 
ddaric  acid,  by  retaining  it  warm  on  a  sand-bath  for  a  day  or 
two,  when  the  chlorine  of  tlie  hydrochloric  acid  goes  oflF  as  gas. 
finee  it  from  sulphuric,  it  should  be  diluted  with  a  little 
r,  and  distilled  from  nitrate  of  barj'tes  ;  but  the  process  for 
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nitric  acid  which  has  been  described  gives  it  without  a  tnoeof 
sulphuric  acid,  when  carefully  conducted. 

ijaes.  Nitric  acid  is  sometimes  used  in  the  fumigations  m* 
quired  for  contagious  diseases^  particularly  inwards  of  hospi- 
tals from  which  the  patients  are  not  removed,  the  fumes  of  thk 
acid  being  greatly  less  irritating  than  those  of  chlorine.  For 
the  purpose  of  Aimigation  pounded  nitre  and  concentrated  nt 
phuric  acid  arc  used,  being  heated  together  in  a  cup.  Nitiie 
acid  is  par  excellence  the  solvent  of  metals,  and  has  other  moit 
numerous  and  varied  applications  not  only  in  chemistry,  bat 
likewise  in  the  arts  and  manufactures. 

SECTION  IV. 
CARBON. 

Eq.  76.^ior6.13;  (75.6  or  6.05,  Dr.  Clark,)  C;  densUg^ 
vapour  {hypothetical)  421.5. 

Carbon  is  found  in  great  abundance  in  the  mineral  kingdom 
united  with  other  substances,  as  in  coal  of  which  it  is  the  bafl% 
and  in  the  acid  of  carbonates ;  it  is  also  the  most  considenbk 
element  of  the  solid  parts  in  both  animals  and  vegetables.  It 
exists  in  nature  or  may  be  obtained  by  art,  under  a  variety  of 
appearances,  and  possessed  of  very  different  physical  proper 
tics.  Carbon  is  a  dimorphous  body,  occurring  crystallized  in 
the  diamond  and  graphite  in  wholly  different  forms,  and  when 
artificially  produced  forming  several  amorphous  varieties  o£ 
charcoal  which  are  very  unlike  each  other. 

Diamond, — ^This  valuable  gem  is  found  throughout  the  rangeof 
the  Ghauts  in  India,   but  chiefly  at  Golconda,  in  Borneo  sod 
also  in  Brazil.     It  is  always  associated  with  transported  mate- 
rials, such  as  rolled  gravel,  and   has  never  been  found  in  sitOy 
so  that  its  origin  is  doubtful,  although  it  is  now  generally  sup- 
posed to  have  been  produced   by   the  slow  decomposition  of 
vegetable  matter.     On  removing  the  crust  with  which  the  ciyi- 
tals   are  covered,  they  are   exceedingly  brilliant,   refract  li^ 
powerfully,  and  are   generally  perfectly   transparent,  although 
diamonds  are  sometimes  black,  blue  and  of  a  beautiful  rose* 
colour.    The  primitive  form  of  diamond  is  the  regular  ocUdie- 
dron,  or  two  four-sided  pyramids,  of  which  the  faces  are  eqm- 
lateral  triangles,  applied  base  to  base.     It  is  also  often  found  in 
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q^r«B  bounded  by  48  curved  triangular  faces,  but  can  always 
be  deaved  in  the  direction  of  the  faces  of  the  octohedron,  which 
possess  that  particular  brilliancy  characteristic  of  the  diamond, 
^Tbe  diamond  is  tlie  hardest  of  the  gems.  An  edge  of  its  crystal 
^Bhned  by  flat  planes  only  scratches  glass^  but  if  the  edge  is 
^Hrmed  of  curved  facea,  like  the  edge  of  a  convex  lens,  it  then, 
Hbaddes  abrading  the  surface^  produces  a  fissure  to  a  small  depth, 
^  tad  in  tbe  form  of  the  glazier's  diamond  is  used  to  cut  glass. 
Hie  diamond  is  remarkably  indestructible,  and  may  be  heated 
tf>  whiteness  in  a  covered  crucible  without  injury,  but  it  begins 
to  bum  in  the  open  air,  at  about  the  melting  point  of  silver, 
diifeoal  sometimes  appearing  on  its  surface,  and  is  entirely 
miverted  into  carbonic  acid  gas.  It  is  more  quickly  consumed 
fused  nitre,  when  the  carbonic  acid  is  retained  by  the  potash; 
is  a  simple  mode  of  analyzing  the  diamond^  by  which 
bu  been  proved  to  be  perfectly  pure  carbon-  The  diamond 
k  a  non-conductor  of  electricity.  Its  density  varies  from  3.5  to 
155. 
GntpkUe* — ^This  mineral,  which  is  also  known  as  black  lead 
id  plumbago,,  occurs  in  rounded  masses  deposited  in  beds  in 
Ae  primitive  formations,  particularly  in  granite,  micaschiiit  and 
primttiTe  limestone.  Borrowdale  in  Cumberland  is  a  celebrated 
heifily  of  grapliite,  and  affords  the  only  specimens  which  are 
nfieienlly  hard  for  making  pencils.  It  is  occasionally  found 
oynallised  in  plates  which  are  six-sided  tables.  Graphite  may 
in  be  produced  artificially,  by  putting  an  excess  of  charcoal  in 
oonttct  with  fused  cast  iron,  when  a  portion  of  the  carbon  dis- 
it^lvei,  and  separates  again  on  cooling,  in  the  form  of  large  and 
btintiful  crystalline  leaflets.  In  the  condition  of  graphite,  car- 
mi  b  perfectly  opaque,  soft  to  the  touch,  possessed  of  the  me- 
tdic  lustre^  and  of  a  specific  gravity  about  2.5,  It  always  eon* 
turn  m  small  quantity  of  iron,  often  amounting  to  5  per  cent^ 
hot  in  some  specimens,  as  in  those  from  Barreros  in  Brazil,  not 
anre  thmn  a  trace,  which  is  to  be  considered  an  accidental  con- 
iKituettt,  and  not  essential  to  tlie  mineral.  Neither  in  the  form 
<if  diamond  nor  graphite  does  carbon  exhibit  any  indication  of 
fcnon  or  ▼olatility  under  the  most  intense  heat.  Anthracite  is 
Marly  pure  carbon,  but  always  contains  a  portion  of  hydrogen^ 
and  ia  more  analogous  to  coal  than  to  graphite. 

Ckarcoai^ — Owing  to   its  infusibility  carbon    presents  itself 
onder  aTaiiety  of  aspects,  according  to  the  structure  of  the 
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substance  from  which  it  is  derived,  and  the  accidental  dream- 
stances  of  its  preparation.  The  following  are  the  prindpd 
varieties :  gas-carbon,  lamp  black,  wood  charcoal,  coke,  ud 
ivory  black. 

i^  Gas- carbon  has  the  metallic  lustre,  and  a  density  of  1.7<; 
it  is  compact,  generally  of  a  mammillated  tftructore,  but  some- 
times in  fine  fibres,  and  considerably  resembles  graphite,  bntu 
too  hard  to  give  a  streak  upon  paper.  It  is  the  product  of  t 
slow  deposition  of  carbon  from  coal  gas  at  a  high  tempenton 
and  is  frequently  found  to  line  the  gas  retorts  to  a  considetibk 
thickness,  and  to  fill  up  accidental  fissures  in  them.'*^ 

2®.  Lamp  black  is  the  soot  of  imperfectly  burned  combusti- 
bles such  as  tar  or  resin.  Carbon  is  deposited  in  a  powder  d 
the  same  nature,  when  alcohol  vapour  or  a  volatile  oil  is  trani- 
mitted  through  a  porcelain  tube  at  a  red  heat;  and  the  lustrooi 
charcoal  which  is  obtained  on  calcining  starch,  sugar  and  many 
other  organic  substances,  which  fuse  and  afiford  a  bright  Tai» 
cular  carbon  of  a  metallic  lustre,  is  possessed  of  the  same  cht- 
racters.  It  is  deficient  in  an  attraction  for  organic  matters  it 
solution,  which  ordinary  charcoal  possesses. 

3®.  Wood  charcoal.  Wood  was  found  by  Karsten  to  lose 
57  per  cent  of  its  weight  when  thoroughly  dried  at  212*  and  10 
per  cent  more  at  304^.  The  remaining  33  parts  of  baked  wood 
afforded,  when  calcined,  25  of  charcoal,  while  100  parts  of  the 
same  wood  calcined,  without  being  previously  dried,  left  only 
H  per  cent  of  carbon.  It  is  the  absence  of  this  large  quantity 
of  water  which  causes  the  heat  of  burning  charcoal  to  be  so 
much  more  intense  than  that  of  wood.  When  calcined  at  • 
high  temperature,  charcoal  becomes  dense,  hard  and  less  infliD- 
roable.  The  knots  in  wood  sometimes  afibrd  a  charcoal  whidi 
is  particularly  hard,  and  is  used  in  polishing  metals,  but  it  con- 
tains silica.  From  the  minuteness  of  its  pores,  the  charcoal  of 
wood  absorbs  many  times  its  volume  of  the  more  liquefiabb 
gases,  such  as  ammoniacal  gas,  hydrochloric  acid,  sulphuretted 
hydrogen  and  carbonic  acid,  condensing  35  volumes  of  the 
last.  It  also  absorbs  moisture  w4th  avidity  from  the  atmos- 
phere, and  other  condensible  vapours,  such  as  odoriferous  eflBu- 
vioj.  Prom  this  last  property  freshly  calcined  charcoal,  when 
wrapt  up  in  clothes  which  have  contracted  a  disagreeable  odour, 

•  Dr.  ColqiihouD,  Anmls  of  Philosophy,  New  Series,  toI.  12,  p.  I, 


CARBON. 


Spl 


OTs  it,  and  has  a  considerable  effect  in  retarding  the  pu- 
faction  of  oi^anic  matter  nith  which  it  is  placed  in  contact. 
jTater  b  also  found  to  remain  sweet,  and  wine  to  be  improved 
I  qoality  if  kept  in  casks  of  which  the  inside  has  been  charred* 
the  Btate  of  a  coarse  powder  wood  charcoal  is  particularly 
pplicable  as  a  filter  for  spirits,  which  it  deprives  of  the  essen- 
tial oil  which  they  contain.  It  is  much  less  destructible  by 
VtouNipheric  agencies  than  wood,  and  hence  the  points  of  stakes 
are  often  charred,  before  being  driven  into  the  ground^  in  order 
to  preserve  them. 

4*.  Tlie  coke  of  those  species  of  coal,  which  do  not  fuse 
wheo  heatedj  is  a  remarkably  dense  charcoal,  considerably  re- 
letnbUng  that  of  wood,  and  of  great  value  as  fuel  from  the 
%h  temperature  which  can  be  produced  by  its  combustion. 
When  burned  it  generally  leaves  2  or  3  per  cent  of  earthy 
ashes,  while  the  ashes  from  wood  charcoal  seldom  exceed  I  per 
ttnt, 

5*,  Ivory  black,  bone-charcoal  and  animal  charcoal  are  names 
affiled  to  bone3  calcined  or  co reverted  into  charcoal  in  a  close 
iciaeL     The  charcoal  thus  produced  is    mixed  with  not  less 
Una  10  times  its  weight  of  phosphate  of  lime,  and  being  in  a 
Ulte  of  extreme  division,  exposes  a  great  deal  of  surface.     It 
{lOttesses  a  remarkable  attraction  for  organic  colouring  matters, 
md  is  extensively  used  in  withdrawing  the  colouring  matter 
fcora  syrup,  in  the  refining  of  sugar,  from  the  solution  of  tar- 
Uric  acid,  and  in  the  purification  of  many  other  organic  liquors. 
TW  usual  practice,  which  was  introduced  by  Duraont,  is  to 
the  liquid  to  be  discoloured,  through  a  bed  of  this  char- 
"ood,  in  grains  of  the  size  of  those  of  gunpowder,  and  of  two  or 
thrte  fe«t  in  thickness.     It  is  found  that  the  discolouring  power 
iipneatly  reduced  by  dissolving  out  the  phosphate  of  lime  from 
bory  black  by  an  acid,  although  this  must  be  done  in  certain 
Ifiplicalaons  of  it,  as  when  it  is  used  to  discolour  the  vegetable 
lads.    A  charcoal  possessed    of  the   same  valuable  property 
freo  in  a  higher  degree  for  its  weight,  is  produced  by  calcining 
dried  blood,  horns,  hoofs,  clippings  of  hides,  in  contact  with 
csrbonate  of  potash,  and  washing  the  calcined  mass  afterwards 
with  water*     Even  vegetable  matters  afford  a  charcoal,  pos- 
of  considerable  discolouring  power,  if  mixed  with  chalk, 
ined  Hint  or  any  other  earthy  powder,  before  being  car- 
One  hundred  parts  of  pipe  clay  made  into  a  thin 
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paste  with  water,  and  well  mixed  with  20  parts  of  tar  and  500 
of  coal  finely  pulverized,  have  been  found  to  afford,  after  tltt 
mass  was  dried  and  ignited  out  of  contact  with  air,  a  chaioQil 
which  was  little  inferior  to  bone-black  in  quality.  When  chir- 
coal  which  has  been  once  used  in  such  a  filter,  is  oaldned  aguDf 
it  is  found  to  possess  very  little  discolouring  power.  Thii  ■ 
owing  to  the  deposition  upon  its  surface  of  a  lustrous  charoo4 
of  the  lamp  black  variety,  produced  by  the  decompoatiQii  of 
the  organic  colouring  matters,  which  has  little  or  no  diioolouiing 
power.  But  if  the  charcoal  of  the  sugar  filters  be  aUowed  to 
ferment,  the  foreign  matter  in  it  is  destroyed ;  and  if  afterwtfdi 
well  washed  with  water  and  dried,  before  being  calcined,  il 
will  be  found  to  recover  a  considerable  portion  of  its  origiiMl 
discolouring  power. 

Bussy  has  constructed,  from  observation,  the  following  tibb 
of  the  efficiency  of  the  different  charcoals.  These  substanoa 
are  compared  with  ivory  black,  as  being  the  most  feeble  spedei^ 
although  this  is  superior  by  several  degrees  to  the  best  wood 
charcoal.  The  relative  efficiency,  it  will  be  observed,  is  not' 
the  same  for  two  different  kinds  of  colouring  matter : 


Species  of  Charcoal 
same  weight. 

Belatlve  Deoo. 
loration  of  ful- 
phate  of  Indigo. 

BdatheDMS- 
loratkaof 

Blood  charred  with  carbonate  of  potash     . 

Blood  charred  with  chalk. 

Blood  charred  with  phosphate  of  liine 

Glue  charred  with  carbonate  of  potash 

White  of  egg  charred  witu  the  same. 

Gluten  charred  with  the  same. 

Charcoal  from  acetate  of  potash    . 

Charcoal  from  acetate  of  soda. 

Lamp  black,  not  calcined  . 

Lamp  black  calcined  with  carbonate  of  potash. 

Bone  charcoal,  after  the  extraction  of  the  earth 
of  bones  by  an  acid,  and  calcination  with  po- 
tash.        ..... 

Bone  charcoal  treated  with  an  acid. 

Oil  charred  with  the  phospliate  of  lime.     . 

Bone  charcoal,  in  its  ordinary  state. 

50 
18 
12 
36 
34 
10.6 

5.6 
12 

4 
15.2 

45 
1.87 

? 

20 

11 

16 

15.5 

15.5 
8.8 
4^ 
8^ 
3J 

10^ 

20 
U 

1.9 
1 

This  remarkable  action  of  charcoal  in  withdrawing  matfcen 
from  solution  is  certainly  an  attraction  of  surface,  but  it  is  es- 
pable  notwithstanding,  of  overcoming  chemical  affinities  of 
some  intensity.  The  matters  remain  attached  to  the  suifue 
of  the  charcoal,  without  being  decomposed  or  altered  in  nature. 
For  if  the  blue  sulphate  of  indigo  be  neutralized  and  then  fit- 
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through  charcoal,  the  whole  colouring  matter  is  retained 
the  latter,  and  the  filtered  liquid  is  colourless.  But  a  so- 
of  caustic  alkali  will  divest  the  charcoal  of  the  blue 
ag  matter,  and  carry  it  away  in  solution.  Other  snbstancesi 
also  are  carried  down  by  animal  charcoal,  besides  animal  matters. 
lime  firom  lime  water,  iodine  from  solution  in  iodide  of  potas- 
fluiii^  soluble  8ubsalt5  of  lead,  and  metallic  oxides  dissolved 
in  aninionia  and  caustic  potash  ;  but  it  has  little  or  no  action 
upon  most  neutral  salts.  The  charcoal  is  apt  with  time  to 
react  upon  the  substance  it  carries  down,  probably  from  their 
closeness  of  contact,  reducing  the  oxide  of  lead,  for  instance, 
m  E  short  time  to  the  metallic  state. 

Carbon  is  chemically  the  same  under  all  these  forms.     This 
dement  cannot  be  crystallised  artificially  by  the  usual  methods 
of  ftision,  solution  or  sublimation,  if  we  except  its  solution  in 
cast  iron,   which  gives  it  in  the  form  of  graphite  and  not  of 
^  diamond.     It  is  chemically  indifferent  to   most  bodies  at  a 
kwr  temperature,  but  combines  directly  with  some  metals  by 
fnbn  and  forms  carburets.     When  heated  to  low  redness  it 
boms  readily  in  air  or  oxygen,   forming  a  gaseous  compound 
eubonic  acid,  which  when  cool  has  exactly  the  bulk  of  the 
tri^nal  oxygen.     With  half  the  proportion  of  oxygen  in  car- 
acid,  carbon  forms  a  protoxide,  carbonic  oxide  gas.     This 
I  being  supposed  similar  to  steam  or  to  nitrous  oxide  in  its 
flpsstitution,  will  be  composed  of  -2  vols,  of  carbon  vapour  and  1 
ToL  of  oxygen  gas  condensed  into  2  volumes,  an  assumption 
Opoa  which  the  density  of  carbon  vapour,  which  there  are  no 
lems  of  determining  experimentally,  is  usually  calculated,  and 
ttde  tboat  421.5;  the  combining  measure  of  this  vapour  con- 
2  volumes  (page  132.)     It  has  been  inferred  from  the 
I  of  recent  organic  analysis,  that  the  number  76.44,  fixed 
i  by  Berzelius  as  the  equivalent  of  carbon  is  too  high^  and 
7^*6  is  near  the  truth.* 
lJ!$a^ — Several  valuable  applications  of  this  substance  have 
ibaady  been  incidentally  described.      Carbon  may  be  said   to 
Sirp»ss  aU  other  bodies  whatever  in  its  affinity  far  oxygen  at 
s  higli  temperature ;   and  being  infusible,  easily   got  rid  of  by 
cOQibustion,  and  forming  compounds  with  oxygen  wliich  escape 


*  By  Dr.  Clirk ;  ffe  iiIao  Dtim«« ;  Pbil  Mn^.  3rd.  Berks  rol.  14,  p.  153|  ind 
I  of  (crtilfl  ADi1f»cs  \ff  Mr.  fownt»t  id.  vol  15,  p.  62. 
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as  gas,  this  body  is  more  suitable  than  any  oAer  rabstsnee'  ts 
effect  the  reduction  of  metallic  oxides,  that  is,  to  depriTS  dm 
of  their  oxygen,  and  to  produce  from  them  the  metal  with  die 
properties  which  characterize  it. 

CARBONIC  ACID. 
Eg.  276,  or  22.13;  COj;  density  1524-1  ;  Q3 

This  gas  was  first  discovered  to  exist  in  lime-stone  and  dtt 
mild  alkalies,  and  to  be  expelled  from  them  by  heat  and  tin 
action  of  acids  by  Dr.  Black,  and  was  named  by  him  Fixed  AV. 
He  also  remarked  that  the  same  gas  is  formed  in  respinfii^ 
fermentation  and  combustion;  it  was  afterwards  proved *tt 
contain  carbon  by  Lavoisier.  "' 

Preparation. — Carbonic  acid  is  readily  procured  by  poQlfltf 
hydrochloric  acid  of  sp.  gr.  1.1,  upon  fragments  of  marble  (W 
tained  in  a  gas  bottle,  or  by  the  action  of  diluted  sulphuric  aflll 
upon  chalk.  A  gas  comes  off  with  effervescence,  whieb  itHj 
be  collected  at  the  water  trough,  but  cannot  be  retained  IM 
over  water  without  considerable  loss,  ovring  to  its  solubSl^ 
When  generated  in  the  close  apparatus  of  M.  Thilorier  for  Sii 
purpose  of  liquefying  it,  this  gas  is  evolved  from  bicarbonate'^ 
soda  and  sulphuric  acid. 

Properties. — ^This  gas  extinguishes  flame,  does  not  8up|M 
animal  life,  and  renders  lime-water  turbid.  Its  density  is  od^ 
siderable,  being  1524,  or  a  half  more  than  that  of  air,  thegii 
containing  2  volumes  of  the  hypothetical  carbon  vapour  srf 
2  volumes  of  oxygen,  condensed  into  2  volumes,  which  formdM 
combining  measure.  Cold  water  dissolves  rather  more  than  tn 
equal  volume  of  this  gas ;  the  solution  has  an  agreeable  acid** 
lous  taste,  and  sparkles  when  poured  from  one  vessel  into 
another.  It  communicates  a  wine-red  tint  to  litmus  paper, 
which  disappears  again  when  the  paper  dries ;  when  poured 
into  lime-water  it  first  throws  down  a  white  flaky  precipitate 
of  carbonate  of  lime  or  chalk,  which  it  afterwards  redissolies 
if  the  solution  be  added  in  excess.  The  quantity  of  this  gu 
which  water  takes  up  is  found  to  be  exactly  proportional  to  the 
pressure ;  a  very  large  volume  of  the  gas  is  forced  into  sodaj 
magnesia  and  other  ai^rated  waters,  much  of  which  escapes  on 
removing  the  pressure  from  these  liquids. 

This  gas  was  liquefied  by  Mr.  Faraday,  whose  method  has 
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been  followed  by  Thilorier  in  an  apparatus  by  whicli  the  liquid 
acid  is  procured  in  large  quantity,  which  is  constructed  with 
ioaie  improvements  by  Mr.  Addams  of  Kensington.     It  con- 
nsU  of  two  similar  cylindrical   vessek  of  strong  sheet  iron, 
calculated  to  resist  a  bursting  pressure  of  60  atmospheres,  in 
one  of  which  several  pounds  of  bicarbonate  of  soda  are  decom- 
pofed  at  once  by  an  equivalent  quantity  of  sulphuric  acid.     The 
gas  confined  within  this  generating  vessel  is  afterwards  allowed 
t9  cooimunicate   with  the  second  cylinder  or    condenser,  by 
msans  of  a  copper  tube  and  stopcock  of  nice  construction  ;  and 
i^  charge  is  repeated  several  times  in   succession,  till  two  or 
three  pints  of  the   liquid  acid  are    collected  in    the  receiver. 
When  tills  liquid  is  allowed  to  escape  from  tlie  receiver  by  a 
jet,  a  portion  of  it  is  frozen  by  its  own  evaporation,  and 
H  white  soft  mass,  like  snow,  which  may  be  handled  and 
doei  not  evapor^  very  rapidly,  owing  to  its  low  conducting 
power,  although  its   temperature  cannot  be  more  than  — ^148''. 
Hilh  a  little  ether  the  solid  acid  forms  a   semiHuid  mass,  by 
tteans  of  which  mercury  can  be  frozen  in   considerable  quantity* 
IW  sp*  gr.  of  the  Uquid  is  0,83  at  32^ ;  it  dilates  remarkably 
firom  beat,  its  expansion  being  four  times  greater  than  that  of 
air,  :?0  volumes  of  the  Uquid  at  32°  becoming  29  at  8G%   and  its 
density  varying  from  0.9  to  0*6  as  its  temperature  rises  from, 
-^4'  to  SO*.  It  muces  in  all  proportions  with  ether,  alcohol,  naph- 
tha, oil  of  turpentine  and  bisulphuret  of  carbon,  but  is  insoluble 
io  water  and  fat  oils.     Its  compound  with  alcohol  may  be  fro- 
aeo,  and  melts  at  — 135",  which  is  the  lowest  point  fixed  with 
acvuracy  in  the  descending  scale  of  temperature.^     Mr.  Addams 
Ims  made  careful  experiments  upon  the  elasticity  of  the  vapour 
of  this  liqaid,  at  di^erent  temperatures,  ofwliich  the  following 
mre  the  results : 


BLA8T1C 

POBC£  OF  LIQUID   CARBONIC  ACID. 

PsuiuU  per  •quart 
Inch. 

Atmo>i>hert«  of 
15  pouudfl  each. 

0* 

280 

.      18.1 

lU 

300 

.     «0 

SO 

S98 

.     26.5 

32 

413 

.     37-6 

50 

520 

.     34.7 

100 

935 

.     62.3 

ISO 

U96 

.     99.7 

•  Thjlorkr, 

An. 

d«Cb.  (tdePh. 

I.  60,  p. 

427. 
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CARBONIC  OXIDE. 
Eg.  176,  or  14.13;  CO;  density  972.S ;  fTI. 

Priestley  is  the  discoverer  of  this  gas,  but  its  true  nature  vbi 
first  pointed  out  by  Cruikshanks,  and  about  the  same  time  by 
Clement  and  Desormes. 

Preparation. — Carbonic  acid  is  readily  deprived  of  half  iti 
oxygen,  at  a  red  heat,.by  a  variety  of  substances,  and  so  redooed 
to  the  state  of  carbonic  oxide.  The  latter  gas  may  therefore  be 
obtained  by  transmitting  carbonic  acid  over  red  hot  fragments 
of  charcoal  contained  in  an  iron  or  porcelain  tube ;  or  by  cil- 
cining  chalk  mixed  with  l-4th  of  its  weight  of  charcoal  in  an  inm 
retort.  It  is  likewise  prepared  by  gently  heating  crystalfited 
oxalic  add  with  5  or  6  times  its  weight  of  strong  oil  of  vitxiolii 
a  glass  retort.  The  latter  process  affords  a  mixture  of  equal 
volumes  of  carbonic  acid  and  carbonic  oxide,  the  elements  of  . 
oxalic  acid  being  carbon  and  oxygen  in  the  proportion  to  fonn 
these  gases,  and  this  acid  being  incapable  of  existing  except  in 
combination  with  water  or  some  other  base.  Now  the  sulphi- 
ric  acid  unites  with  the  water  of  the  cr.  oxalic  add,  and  the  wai 
being  set  free  is  instantly  decomposed.  The  gas  of  all  theM 
processes  contains  much  carbonic  acid,  of  which  it  may  be  de- 
prived, by  washing  it  with  milk  of  lime,  or  by  transmitting  the 
gas  through  a  tube  filled  with  the  mixture  of  hydrate  of  lime  and 
glauber's  salt. 

Properties. — ^This  gas,  as  has  already  been  stated,  is  presomed 
to  contain  2  volumes  of  carbon,  and  1  volume  of  oxygen,  cod- 
densed  into  2  volumes  so  that  its  combining  measure  is  2 
volumes.  It  is  not  more  soluble  in  water  than  atmospheric  air, 
and  has  never  been  liquefied.  It  is  easily  kindled  and  burns 
with  a  pale  blue  fiame,  like  that  of  sulphur,  combining  withbalf 
its  volume  of  oxygen,  and  forming  carbonic  acid,  which  retains 
the  original  volume  of  the  carbonic  oxide.  This  combustion  i« 
often  %vitnesscd  in  a  coke  or  charcoal  fire.  The  carbonic  add 
produced  in  tlie  lower  part  of  the  fire,  is  converted  into  carbonic 
oxide,  as  it  passes  up  through  the  red  hot  embers,  and  afkle^ 
wards  burns  above  them  with  a  blue  flame,  where  it  meets  wiA 
air. 

Carbonic  oxide  is  a  neutral  body,  like  water,  and  combines 
directiy  with  only  a  very  few  substances.    It  unites  with  an  equal 
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Tohime  of  cMorine  under  the  influence  of  the  sun's  rays,  and 
forms  phosgene  gas  or  chlorocarbonic  acid.  It  is  also  absorbed 
br  potassium  gently  heated,  and  that  metal  is  employed  to  sepa- 
nte  carbonic  oxide  from  a  mixture  of  hydrogen  and  gaseous 
bydrocarbarets,  as  in  the  analysis  of  coal  gas.  But  carbonic 
oxide  is  supposed  to  exist  in  a  greater  number  of  compounds, 
and  to  be  the  radical  of  a  series,  of  which  the  following  sub- 
stances are  imagined  to  be  members : 

CARBONIC   OXIDE    SERIES. 

.    CO 


Carbonic  oxide. 
Carbonic  acid. 
Chlorocarbonic  acid. 
Oxalic  acid. 
Oxamide. 

Oxicarburet  of  potasi 
Croconic  acid. 
Mellitic  acid. 


Slum 


CO+O 
CO+Cl 
2C0  +  0 
2CO  +  NH, 
7CO+3K 
5CO  +  II 
4CO  +  II 


In  these  compounds  carbonic  oxide  is  represented  as  playing 
the  part  of  a  simple  substance,  and  forming  a  variety  of  pro- 
ducts by  uniting  with  oxygen,  chlorine,  hydrogen  and  other 
dements. 

Oxalic,  mellitic  and  croconic  acids  are  sometimes  enumerated 
tt  oxides  of  carbon,  along  with  carbonic  acid  and  carbonic  oxide, 
^t  as  the  former  bodies  always  exist  in  a  state  of  combination 
ind  cannot  be  isolated,  they  have  not  an  equal  claim  to  the 
ttme  early  consideration  as  the  latter  compounds. 


SECTION   V. 


BORON. 


Eq.  lSi;.25,  or  10.91 ;   B;  density  of  vapour  {Jiypoihetical) 

Boron  is  an  element  having  some  analogy  to  carbon,  but 
qmringly  diffused  in  nature.  It  is  never  found,  except  in  com- 
bioataon  with  oxygen  as  boracic  acid,  of  which  the  salt  of  soda 
has  long  been  brought  to  Europe  from  India  in  a  crude  state, 
nnder  the  name  of  tinkal  and  termed  borax  when  purified.  The 
impure  borax  or  tinkal  forms  a  saline  incrustation  in  the  beds  of 
certain  small  lakes  in  an  upper  province  of  Thibet,  which  dry  up 
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during  summer.  But  the  most  considerable  of  tbe  preRBt 
sources  of  boracic  acid  are  the  hot  lagoons  of  a  district  in  TW 
cany,  which  are  charged  vrith  the  free  add,  from  the  oonden» 
tion  in  them  of  vapours  of  a  volcanic  origin.  Bomdc  add  ii 
likewise  found  in  the  hot  springs  of  Lipari.  It  is  a  constitaat 
also  of  several  minerals,  of  which  datolite  and  boradte  are  Ae 
most  remarkable.  Boron  was  first  discovered  by  Sir  H.  Ihtj 
in  1807,  by  exposing  boracic  acid  to  the  action  of  a  poweriU 
voltaic  battery,  and  was  afterwards  obtained  by  Gay-Lussac  and 
Thenard  in  greater  quantity,  by  heating  boracic  acid  with  potat- 
sium. 

Preparation. — Boron  is  prepared  with  greatest  advantage 
from  a  combination  of  fluoride  of  boron  and  fluoride  of  potas- 
sium, which  is  obtained  on  saturating  hydrofluoric  acid  widi 
boracic  acid,  and  adding  to  it  drop  by  drop,  the  fluoride  of  po- 
tassium. This  compound  which  is  of  slight  solubility,  is  col- 
lected on  a  filter,  and  dried  at  an  elevated  temperature,  bat 
which  should  not  reach  a  red  heat.  Equal  weights  of  this  eom- 
pound  and  potassium  are  mixed  together  in  a  cylinder  or  tube 
of  iron,  closed  at  one  end,  which  is  gently  heated,  and  the  mix- 
ture stirred  with  an  iron  rod,  till  the  potassium  is  mdted. 
Heated  more  strongly  by  a  spirit  lamp,  the  mass  evolves  heit 
and  becomes  red-hot ;  the  potassium  combines  with  the  flaorinCi 
and  a  mixture  is  obtained  of  boron  and  tlie  fluoride  of  potasiiniB* 
On  treating  this  with  water,  the  fluoride  of  potassium  diasolvei^ 
and  the  boron  remains  insulated.  In  washing  it  farther,  instetfl 
of  pure  water,  which  acts  upon  boron,  a  solution  of  sal  aiDiiM>- 
niac  should  be  employed,  which  does  not  dissolve  that  bodT) 
and  the  sal  ammoniac  remaining  in  the  boron  may  be  taken  up 
by  alcohol. 

Properties, — ^Thus  prepared,  boron  is  obtained  in  the  fiw 
of  a  greenish  brown  powder,  without  the  metallic  lustre,  which 
becomes  hard  and  assumes  a  deeper  colour,  when  ignited  iB 
vacuo,  or  in  gases  which  do  not  combine  with  it,  but  undeigoei 
no  farther  change.  Heated  in  atmospheric  air  or  oxygen  it 
burns  with  a  vivid  light,  scintillating  powerfully,  and  fami 
boracic  acid.  Nitric  acid  and  many  other  substances  also  Mr 
date  it  easily,  and  always  produce  that  compound.  Fused 
with  carbonate  of  potash,  it  decomposes  the  carbonic  add,  am 
gives  borate  of  potash^  carbon  being  liberated.  Boron  is  bo 
known  to  possess  any  otlier  degree  of  oxidation.     Boron  < 


bines  wiih  sulphur,  with  the  disengagement  of  light,  when 
bfsUed  in  the  vapour  of  that  substance  ;  and  it  takes  iire  spon- 
Ineouslf  in  chlorine,  and  forras  a  gaseous  chloride  of  1>OTon,  of 
which  the  formula  is  BCI3,  and  the  density  4035.  This  gas  is 
formed  of  2  vols,  of  boron  vapour  and  6  of  chlorine,  condensed 
>  3  Tols.  which  are  it«  comliining  measure.  It  may  likewise 
!  formed,  by  transmitting  chlorine  gas  over  a  mixture  of  bo- 
rBdc  add  and  charcoal,  ignited  in  a  porcelain  tube.  A  corres- 
[vondiTig  fluoride  of  boron  is  evolved  from  buracic  acid,  ignited 
with  the  fluoride  of  calcium  or  fluor  spar,  with  the  formation  of 
Horate  of  lime.     The  density  of  this  fluoride  is  2308. 

Boradc  acid* — Tliis  acid  is  generally    prepared  by  dissolving 
tbe  salt  borax  at  212**  in  four  titne^  its  weight  of  water,  the  solu- 
is  filtered  hot,  and  a  quantity  of  oil  of  vitriol  immediately 
added  to  it,  equal  to  one  fourth  of  the  weight  of  the  borax.     The 
nlphuric  acid  unites  with  the  soda^  and  forms  sulphate  of  soda, 
vlkidi  continues  in  solution,  while  the  boracic  acid  separates  in 
tktn  shining  crystalline  plates,  on  cooling.     These  plates  are 
Mned,  and  being    sparingly  soluble,  may  be  washed  with  cold 
Witer,  and  afterwards   redissolved  in  boiling  water  and  made 
to  crystallize  anew.     The  boracic  acid  still  retains  a  small  quan- 
tity of  sulphuric  acid,  probably  in  a  state  of  chemical  eonibina- 
tkm,  and  if  required  of  absolute  purity  must  be  fused  at  a  red 
heat  in  a  platinum  crucible,  then  dissolved  again  and  crystallized. 
The  density  of  the  vitrified  acid  is  1»B3.     Boracic  acid  has  a 
wak  taste,  wbich  is  scarcely  acid,  and  affects  blue  litmus  like  car- 
booicacidj  imparting  to  it  a  wine-red  tint,  and  not  that  clear  red, 
fi^ee  from  purple,  which  the  stronger  acids  produce.     It  renders 
^cSi>w  turmeric  paper,  brown,  hke  the  alkalies.     The  crystals 
vr  a  hydrate,  and  contain  3  equivalents  of  water,  of  which  the 
^<b«naU  in  HO,  BO3  +  2HO.     At  GO''  it  requires  25.66  times  its 
^Htetght  of  water   to  dissolve  it,   but  only   2.97  times  at  ^l"^". 
^Btfitli  the  assistance  of  the  vapour  of  water,  it  is  said  to  be 
l^fll^f  volatile,  but  alone  it  is  fixed,  and  fuses,  under  a  red 
liettt,  into  a  transparent  glass.      The  hydrated  acid  dissolves  in 
alooihol^   and   the   solution   bums  with  a  fine  green  flame.     At 
Ike  temperature  of  the  air,  boracic  acid  is  rtlatively  a  feeble 
aodf  bot  at  a  red  heat  it  displaces  the  greater  number  of  those 
acids  which  are   more   volatile  than  itself.      It  communicates 
faiibilily  to  many  subshiuccs  in  uniting  with  them,  and  generally 
a-^asa*     On  this  account  borax  is  much  used  as  a  flux. 
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Boraiei. — Boracic  add  is  remarkable  for  the  Tariety  of  pnh 
portions  in  which  it  unites  with  the  alkalies;  all  these  bontv 
have  an  alkaline  reaction  like  the  carbonates.      The  rdaftbe 
proportions  of  oxygen  and  boron  in  boracic  add  are  kiiow% 
but  the  number  of  equivalents  of  these  elemoits  in  this  iGid 
is  not  so  certain,     Dumas  inferred  from  the  density  of  As    : 
chloride  that  it  is  a  terchloride,  and  borado  add,  which  oo^   j 
responds^  will  therefore  consist  of  3  eq.  oxygen  to  I  eq.  bon»^   | 
and  its  formula  be  BO,.    This  makes  borax  the  biborsfee  d  J 
soda.  I 


SECTION    VI. 
SILICON. 

8yn.  SiLiciUM.    Eq.  277.31  or  22.22;  SiO,;    damt§^ 
vapour  (hypothetical)  1529;  |    |    |. 


Silica  or  siliceous  earth,  the  oxide  of  the  present  ( 
is  the  most  abundant  of  all  the  matters  which  compose  Ab 
crust  of  the  globe.  It  constitutes  sand,  the  varieties  of  sandr 
stone  and  quartz  rock,  and  enters  into  felspar,  mica  and  a  pro- 
digious variety  of  minerals,  which  form  the  basis  of  oUnt 
rocks. 

Preparation. — Silica  may  be  decomposed  by  heating  it  wiA 
potassium,  which  deprives  it  of  oxygen ;  but  a  better  prooM 
for  obtaining  silicon,  is  to  heat  the  double  fluoride  of  silicon  and 
potassium,  with  8  or  9-IOths  of  its  weight  of  potassium,  with  tk 
same  precautions  as  in  the  preparation  of  boron.    The  m^ 
terials,  however,  in  this  case  may  be  heated  in  a  glass  tube^  ii 
well  as  in  an  iron  cylinder.    The  double  fluoride  employed,  ii 
prepared  by  neutralizing  fluosilicic  acid  with  potash.   A  diffiBftot 
process  is  suggested  by  Berzelius,  which  consists  in  heating 
potassium  in  a  tube  of  hard  glass  with  a  small  bulb  blown  upon 
it,  which  is  filled  with  the  vapour  of  the  fluoride  of  silicon,  sqn 
plied  from  the  ebullition  of  that  liquid  contained  in  a  amil 
retort  connected  with  the  glass  tube.    The  potassium  bums  in 
this  vapour,  and  at  the  end,  silicon  is  found,  with  fluoride  of 
potassium,  in  the  place  of  the  metal  (Traits,  t.  1,  p.  13/).    Bat 
the  silicon  from   all  these  processes  is  always  in  combinadon 
with  a  little  potassium,  and  mixed'  with  a  litUe  fluoride  cf 


SILICON, 


SiS 


^mBmm  and  potassium  unreduoed.  Hence,  on  applying  cold 
Wiim  to  the  mass,  hydrogen  gas  is  disengaged,  and  potash 
Jbnnedy  and  tlie  silicon  separates.  The  potash  thus  produced 
CHI,  Willi  the  aid  of  hot  water,  dissolve  the  sihcon,  which  thea 
aiidates  and  becomes  silica^  so  that  cold  water  only  must  be 
emptoyed  to  wash  the  siHcon»  which  may  be  thrown  upon  a 
filter.  After  a  time,  the  hquid  which  passes  has  an  acid  reac- 
tioik,  which  arises  from  its  dissolving  an  acid  double  fluoride 
U  itlicoa  and  potassium,  of  sparing  solubihty,  which  has 
I  escaped  decom{K>sition,  and  is  mixed  with  tlie  silicon.  The 
vuhing  18  continued  so  long  as  the  water  dissolves  any- 
thing. 

Properties. — ^The  silicon   which   is  thus  obtained  is,  in  its 
pare  stale,  a  dull  brown  powder,  which  soils  the  fingers,  and 
^bea  heated  in  air  or  oxygen,  in  Barnes  and  bums,  but  is  never 
moit  than  partially  converted  into  silica.     It  may  be  ignited 
itrangly  in  a  covered  crucible  without  loss*  and  then  shrinks 
jncfimensions,  acquires  a  deep  chocolate  colour,  and  becomes  so 
dtasiefts  to  sink  in  oil  of  vitriol.     By  this  ignition  the  proper- 
ties of  riUeon  are  altered  to  a  degree  which  is  very  remarkable 
in  a  simple  substance.     It  was  previously  readily  soluble  in  hy- 
dmfiuorieacid,  with  evolution  of  hydrogen,  and  in  caustic  potash, 
but  it  is  now  no  longer  acted  upon  by  that  or  any  other  acid, 
nor  by  alkalies.     The  ignited  silicon  also  refuses  to  bum  in  air 
or  oxygen,  even  when  intensely  heated  by  the  blow-pipe  flame. 
CSttreoa],  it  will  be  remembered,  is  more  dense  and  less  com- 
bttilible  after  being  strongly  heated ;  but  that  substance  is  not 
altered  by  heat  to  tb^^ame  extent  as  silicon*     Mixed  and  heated 
wilh   dry    carbonate  of  potash,  silicon    in     any    condition    is 
mpdaled    completely,    its    action    upon    the  carbonic  acid  of 
tbe  salt  being  attended  with    ignition,  and  carbon  liberated. 
SBeoti  barns  when  heated  in  sulphur  vapour,  and  forms  a  sul- 
which  water    dissolves,  but   decomposes  at  the  same 
aulphuretted  hydrogen    and  silica  being    produced,  and 
last,  despite  its    usual   insolubility,    retained    in  solution, 
fittooo  likewise  burns  in  chlorine ;    and  the  chloride  of  silicon 
wimfhe  otherwise  formed  by  transmitting  chlorine  over  a  mix- 
Isra  of  diareoal  and  silica  ignited  in    a  porcelain  tube.     The 
■iBea  is  decomposed  by  neither  charcoal  nor  chlorine  singly, 
bat  acting  Ic^ether  upon  the  sihca,  these  bodies  produce  car- 
bonie  oxide  and  chloride  of  siUcon,    This  compound  is  a  vola- 
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tile  liquid,  of  which  the  formula  is  Si  CI3;  that  of  the  sidfln- 
ret  of  silicon  Si  S3. 

Silica  or  Silicic  Acidy  Si  O3. — ^This  earth,  which  is  the  OBlf 
oxide  of  silicon,  constitutes  a  number  of  minerals,  nearly  iat 
state  of  purity,  such  as  rock-crystal,  quarts,  flint,  sandstone,  Ai 
amethyst,  calcedony,  cornelian,  agate,  opal,  &c.  The  fini 
chemical  examination  of  its  properties  and  compounds  ■ 
due  to  Bergman. 

Preparation. — Silica  may  be  had  very  nearly,  if  not  8bsola%, 
pure,  by  heating  a  colourless  specimen  of  rock  crystal  to  redal 
and  throwing  it  into  water,  after  which  treatment  the  iiiiiml 
may  easily  be  pulverized.     It  is  obtained  in  a  state  of  DMSJ 
minute  division,  by  transmitting  the  gaseous  fluoride  of  sffia  j 
(fluosilicic  acid)  into  water ;    or  by  the  action  of  adds  iqw  j 
some  of  the  alkaline  compounds  of  silica.     Equal  parts  of  o^  j 
bonate  of  potash  and  carbonate  of  soda  may  be  be  fused  ioft  j 
platinum  crucible,  at  a  temperature  which  is  not  high;  ailj 
pounded  flint  or  any  other  siliceous  mineral,  thrown  by  litlb 
and  little  into  the  fused  mass,  dissolves  in  it  with  an  efierai-  j 
cence  due  to  the  escape  of  carbonic  acid  gas.    The  addition  if 
the  mineral  may  be  continued  so  long  as  it  determines  this  rf- 
fervesccnce.     Tiie  mass  being  allowed  to  cool,  is  afterwards  dii- 
solved  in  water  acidulated  with  hydrocliloric  acid,  which  takoi 
up  the  silica  as  well  as   the   alkalies;    the   liquor   is  filtenl 
and   then  evaporated  to  dryness.      The  silica   may  oontun  t 
little   peroxide    of   iron    or  alumina,    to    dissolve   which  Ab 
saline    mass,   when    perfectly    dry,   is    moistened    with    cot" 
centrated    hydrochloric    acid,  and    afteiv  two  hours  the  add 
mass  is  washed  with  hot  water.      The  silica  remains  undi»- 
solved ;  it  may  be  dried  well  and  ignited. 

Properties, — Silica  so  prepared  is  a  white,  tasteless  powdcfi 
which  is  rough  to  the  touch,  and  feels  gritty  between  the  tecA. 
It  is  extremely  mobile  when  heated,  and  is  thrown  out  of* 
crucible,  at  a  higli  temperature,  by  the  slightest  breath  of  wind. 
It  is  absolutely  insoluble  in  water,  acids  and  most  liquidli 
Its  density  is  2.66.  The  heat  of  the  strongest  wind-fumsoe  is 
not  sufficient  to  fuse  silica,  but  it  melts  into  a  limpid  coknirlev 
glass  in  the  flame  of  the  oxihydrogen  blow-pipe.  Silica  is  fimd 
frequently  crystallized,  its  ordinary  form  being  a  six-sided 
terminated  by  a  six-sided  pyramid,  as  in  rock-crystaL 


SILTCA. 


U5 


the  prism  is  very  short  or  disappears  entirely,  and  the 
pjntznid  only  is  seen^  as  in  ordinary  quartz. 

Soluble  Sificic  Add, — The   preceding  description  applies  to 

i3ic&  after  it  has  been  dried  or  heated,  but  silica  can  also  he 

obtnned  in  a  state  in  which  it  is  soluble  in  dilute  acids  and 

Cim  in  water.     The  oxidation  of  the  sulphuret  ofsilicorij  in 

fiter,  gives  silica  in  this  condition ;  the  solution  when  con- 

cttitnited»  becomes  a  gelatinous  mass,  like  size.      When  the 

podous  fluoride  of  silicon  is  absorbed  by  water^  silica  separates 

in  large  quantity  in  that  gelatinous  condition,  and  this  jelly  is 

loUbk  in  water  although  it  requires  a  large  quantity  to  dit- 

mhre  it.     The  solution  of  silica  was  found  by  Berzelius  to  be 

Upid,  and  not  to  redden  litmus  ;  by  evaporation  of  the  liquor 

At  silica  is  deposited  in  the  form  of  an  earthy  mass  without  a 

trace  of  crystallization,  and  capable  of  dissolving  again  in  water. 

It  is  observed  however,  that  when  sulphuric  or  hydrochloric 

mid  is  added  to  the  solution   during  evaporation,  the  silica  ob- 

tuned  is  no  longer  the  soluble,  but  the  former  insoluble  va- 

ri^.     The  fixed  alkalies  and  their  carbonates,  it  is  curious, 

a  transmutation  of  the  opposite  kind,  for  when  insoluble 

suicK  is  boiled  T^nth  them,  it  is  gradually  converted  into  the 

•ahihle  species  and  dissolves,     Berzelius  finds  that  this  change 

aoperYenes,  without  decomposition  of  tlie  alkaline  carbonate  or 

waa/f  escape  of  carbonic  acid.     The  alkali  in  this  solution  may  be 

Irtaiiiid  completely  with  an  acid,  without  any  silica  precipi- 

teiting^,  which  proves  that  that  body  is  dissolved  in  the  water 

md  not  in  the  alkaline  carbonate. 

The  water  of  springs  and  wells  always  contains  a  little  solu- 
ble silica,  which  can  only  be  obtained  by  evaporating  the  water 
to  dryness.  In  some  mineral  waters  the  proportion  of  silica  ia 
Tcry  considerable,  and  it  is  often  associated  with  an  alkaline 
Otffaonatei  as  in  the  hot  alkaline  spring  of  Reikum  in  Iceland, 
tad  in  tlie  boiling  jets  of  the  Geyser,  which  deposit  about  their 
an  incrustation  of  silica.  There  can  he  no  doubt  like- 
that  much  of  the  crystalline  quartz  in  nature  besides  all 
the  agatea,  adcedonies  and  siliceous  petrifactions  have  been 
farmed  finom  an  aqueous  solution. 

n«  aoluble  silica  seems  to  exist  in  the  class  of  minerals 
tskd  zroHteMy  which  also  contain  water,  and  many  of  which 
Ive  entirely  in  dilute  hydrochloric  acid.     But  it  may  be 
firom  any  silicate  by  fusing  it  with  an  alkaline  carbo- 
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nate,  and  afterwards  dissolving  in  dilute  acid.  The  aolnSioi, 
on  concentration,  gives  a  transparent  jelly,  which  is  UgUj 
tenacious,  and  cracks  on  drying,  forming  a  mass  like  gun. 
When  completely  dried  in  the  air,  the  mass  is  no  longerio* 
luble  in  water  or  acids.  It  contains  a  small  quantity  of  inite^ 
which  however,  according  to  Berzelius  is  hygroscopic;  liEa 
affording  him  no  definite  hydrates,  like  those  of  other  acidL 
But  I  should  still  be  disposed  to  look  to  the  state  of  hydntiai^ 
however  feebly  the  water  may  be  retained,  for  an  explaiiatioi 
of  the  differences  between  the  soluble  and  insoluble  varietitt 
of  silica.  Hydrofluoric  acid  is  the  only  acid  which  dissdbei 
silica  in  both  conditions. 

Silicates. — Although  silica  has   no  acid  reaction,  it  is  eoi- 
tainly  an  acid,  and  is  indeed  capable  of  displacing  the  noH 
powerful  of  the  volatile  acids  at  a  high  temperature.    Itii 
capable  of  uniting  with  metallic  oxides,  by  way  of  fusion,  in  I 
great  variety  of  proportions.     Its  compounds  with  excess  of 
alkali,  are  caustic  and  soluble,  but  those  with  an  excess  of  ditt 
are  insoluble,  and  form  the  varieties  ofglassj  which  will  be  no^ 
ticed  under  the  silicate  of  soda.     With  alumina  it  forms  Ae 
less  fusible  compounds  of  porcelain  and  stoneware  which  wA 
be  noticed  under  that  earth.     A  large  number  of  mineral  lp^ 
cies  are  also   earthy   silicates.     It    seems  probable  that  nlidi^    " 
like  phosphoric  acid,  forms  several  classes  of  salts,  of  which    ^ 
those  containing  the  largest  number  of  atoms  of  base  are  tk    ] 
most  soluble,  and  afford,  when  decomposed  the  soluble  siliok    1 
At  the  same  time  some  difference  may  exist  between  the  JSA  * ' 
acid  itself,  as  it  exists  in  these  different  classes  of  salts,  tsoA 
as  there  is  between  ignited  and  unignited  silicon.  \ 

i 

SECTION    VII.  i 

i 

i 

SULPHUR. 

Eg.  201.17  or  16.12;  S;    density  6648;   combining  m&um 
i'Srd.  volume. 

This  element  is  exhaled  in  large  quantity  from  volcanoeii 
either  in  a  pure  state  or  in  combination  with  hydrogen,  and  by 
condensing  in  fissures  forms  sulphur  veins,  from  which  the 
greater  part  of  the  sulphur  of  commerce  is  derived.    It  exists 
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also  in  combination  with  many  metals,  as  iron,  lead,  copper, 
aoc,  &c, ;  and  is  extracted  in  considerable  quanlity  from  bi- 
-'  Viuret  of  iron  or  iron  pyrites.  Sulphur  is  classed  M*ith 
_  n  5,  and  the  higher  sulphurets  resemble  peroxides  in  losing 
t  portion  of  their  sulphur^  as  we  have  seen  some  of  the  latter 
lose  a  portion  of  their  oxygen,  when  strongly  heated.  Sulphur 
is  likewise  extensively  diffused,  as  a  constituent  of  the  sulphuric 
arid  in  gjpsuin  and  other  native  sulphates.  This  element  also 
enters  the  organic  kingdom,  being  invariably  associated  in  mi- 
QiDte  quantity  with  albumen,  whether  fluid  in  the  egg  or  solid 
in  the  hair. 

Properties. — Sulphur  is  found  in  comraerce  in  rolls,  which 

iie  formed  by  pouring  melted  sulphur  into  cylindrical  moulds, 

and  also  in  the  form  of  a  fine  crystalline  powder,  the  flowers  of 

solphur^  which  are  obtained  by  throwing  the  vapour  of  sulphur 

into  a  dose  apartment,  of  which  the  temperature  is  below  the 

point  of  fusion  of  that  substance,  and  in  which  the  sulphur 

tlmrfare  condenses  in  the  solid  form  and  in  minute  crystals, 

just  as  watery  vapour  does  in  the  atmosphere  below  3*i^,  in  the 

fonn  of  snow.     The  purity  of  the  flowers  is  more  to  be  de- 

ided  upon  than   that  of  roll  sulphur.     Sulphur  is  insipid, 

generally  inodorous,  but  acquires  an  odour  when  rubbed  ; 

tils  Tery  friable,  a  roll  of  it  generally  emitting  a  crackling  sound, 

and  sometimes  breaking,  when  held  in  the  warm  hand.     Its 

specific  gravity  is  1.98.    It  fuses  at  226%  and  between  that  tem- 

pcmture  and  2S0**  forms  a  clear  liquid  of  an  amber  colour.     But 

mljoat  3*20**  it  begins  to  thicken,  assumes  a  reddish  tint,  and  if 

the.  heat  be  continued,  becomes  so  thick  that  the  vessel  may  be 

iBverted  without  the  sulphur  flowing  out.     Tliis  change  is  not 

oecttnoned  by  an   increase   of  density,  for  fluid  sulphur  conti- 

noes   to  expand    with  the  temperature.      Thrown  into  water^ 

vk3e  in  this  condition,   sulj^hur  forms  a  mass   which  remains 

■aft  and   transparent  for  some  time  after  it  is  perfectly  cool, 

and  may  be  drawn  into  threads  which   have  considerable  clas- 

tietty.     From   482"  to  its  boiling  point  601%  it  becomes  again 

more  fluids  and  if  allowed  to  cool  returns  through    the  same 

eodditiuns,  becoming  again  very  fluid,  before  freezing.     Sulphur 

lias  oonsidexable  volatilit)*,  beginning  to  rise  in  vapour  before  it 

ts  eotnplctely  fused.     At  its  boding  point  it  forms  a  vapour  of 

aa  orange  oolouTi  and  distils  over  unchanged.    The  density  of 

tilts  rmputir  is  ^'ery  considerabki  being  observed  to  lie  between 
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6510  and  6617  by  Dumas,  and  to  be  6900  by  MitsdieriU. 
It  is  allowed  that  the  combining  measure  of  this  vapour  ii 
l-3rd  of  a  volume,  which  gives  the  theoretical  deuity 
6648.  « 

Sulphur  and  many  other  substances  may  be  obtained  in  dit* 
tinct  crystals,  on  passing  from  a  state  of  fusion,  by  operating 
in  a  particular  manner.  A  considerable  quantity  of  ralphnr 
is  fused  in  a  stoneware  crucible,  and  allowed  to  coed  tfll  it 
begins  to  solidify;  the  solid  crust,  with  which  its  suifaos  k 
covered,  is  then  broken,  and  the  portion  remaining  fliud  poured 
out.  On  afterwards  breaking  the  crucible,  when  it  has  beeoms 
quite  cold,  the  sulphur  is  found  to  have  a  considerable  ovritj 
which  is  lined  with  fine  crystals,  like  a  geode  in  quarts.  Sdi- 
phur  is  dimorphous,  the  form  which  it  assumes  at  a  high  ten» 
perature,  and  consequently  in  its  passage  from  a  state  of  foAai, 
is  a  secondary  modification  of  an  oblique  prism  with  a  rhom- 
boidal  base.  Sulphur  is  also  soluble  in  the  sulphuret  of  caibon, 
the  chloride  of  sulphur  and  oil  of  turpentine,  and  is  deposited 
from  solution  in  these  menstrua  at  a  lower  temperature,  sad 
of  its  second  form,  which  is  an  elongated  octohedron  with  • 
rhomboidal  base.  That  is  likewise  the  form  of  the  grains  of 
flowers  of  sulphur,  and  of  the  fine  transparent  crystals  of  di- 
tive  sulphur,  which  are  also  formed  by  sublimation. 

Sulphur  is  not  soluble  in  water  or  in  alcohol.  It  combin€S 
readily  with  most  metals,  some  of  them,  such  as  copper  and 
silver  in  very  thin  plates,  burning  in  its  vapour,  as  iron  does 
in  oxygen  gas.  When  iron  and  some  other  metals  are  mixed 
in  a  state  of  division  with  flowers  of  sulphur  and  heat  applied, 
the  sulphur  first  melts,  and  after  a  few  seconds  combination 
ensues  with  turgcscence  of  the  mass,  which  becomes  red  hot- 
Sulphur  unites  with  bodies  generally  in  the  same  multiple  pro- 
portions as  oxygen,  and  sometimes  in  additional  proportionsi 
particularly  with  potassium  and  the  metals  of  the  alkalies  and 
alkaUne  earths.  When  boiled  with  caustic  potash  or  lime,  red 
solutions  are  formed  which  contain  a  large  quantity  of  snlphvif 
a  considerable  proportion  of  which  is  deposited  as  a  white  hy- 
drate of  sulphur,  upon  the  addition  of  an  acid.  With  hydrogeO] 
sulphur  unites  in  single  equivalents,  and  forms  sulj^uitttd 
hydrogen  gas,  which  is  the  analogue  of  water  in  the  aolphai 
series  of  compounds,  and  also  another  compound  the  pcarml 
phuret  of  hydrogen,  which  is    deficient  in  stability,  like  IIm 
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fmaode  of  hydrogen,  and  is  decomposed  or  preserved  by  si- 

luhr  agencies. 

Sulphur  is  readily  inflamed,  taking  fire  below  its  boiling 
pomt  and  burning  with  a  pale  blue  flame,  and  the  formation  of 
rafibcating  fumes,  which  are  sulphurous  acid  gas.  It  exliausts 
the  oxygen  of  a  confined  portion  of  air  by  its  combustion, 
Bore  completely  than  carbonaceous  combustibles,  and  on  that 
Mooont,  and  partly  also  from  a  negative  influence  which 
ndphurous  add  hais  upon  the  combustion  of  other  bodies, 
Jt  may  be  employed  in  particular  circumstances  to  extinguish 
Bombustion ;  a  handful  of  lump  sulphur  being  dropt  into  a 
boning  chimney  as  the  most  effectual  means  of  extinguishing 
it  Sulphur  unites  directly  with  oxygen  only  in  the  proportions 
of  sulphurous  acid,  but  several  compounds  of  the  same  ele- 
imts  may  be  formed,  which  are  all  acids ;  namely 

Hyposulphurous  acid ^2  ^9 

Sulphurous  add.  •  .  .  .  S  O.^ 
Hyposulphuric  acid.  •  .  •  •  S,  O5 
Sulphuric  acid. S   O3 

Viei. — Prom  its  ready  inflammability  sulphur  has  long  been 
spplied  to  wood-matches.  But  its  most  considerable  applica- 
tions are  in  the  composition  of  gunpowder  and  other  deflagrat- 
ing mixtures,  and  in  the  manufacture  of  sulphuric  acid,  which 
Acre  will  again  be  occasion  to  notice  in  a  more  particular 
flttnner. 

SULPHUROUS  ACID. 

Eq.  401. 17 f  or  .H2.12;   SO3  ;  demiiy  22 \0.6i  combining 
measure  \    \    I. 


Sulphurous  add  was  distinguislied  as  a  particular  substance 
fcy  Stahl,  and  first  recognized  as  a  gas  by  Dr.  Priestley.  It  was 
iBilsequently  analyzed  witli  accuracy  by  Gay-Lussac  and  by 
loielins. 

Prfforaiion. — ^When  sulphur  is  burned  in  dry  air  or  oxygen 
p%  sulphurous  acid  is  the  sole  product,  and  the  gas  is  found  to 
btV0  undergone  no  change  in  volume.  But  sulphurous  acid  is 
nora  oonveniently  prepared  by  heating  oil  of  vitriol  upon  mer- 
nrj  or  copper^  either  of  which  becomes  an  oxide  at  the  expense 
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of  one  portion  of  the  sulphuric  acid,  and  thereby  cavaaa'tfaB  kg; 
mation  of  sulphurous  acid*  Charcoal,  chips  of  wood,  gtw 
and  such  bodies  occasion  a  similar  decomposition  of  adpfaMii 
acid,  when  heated  with  it,  but  the  gas  is  then  mixed  with  a  lmi 
quantity  of  carbonic  acid.  If  the  sulphurous  acid,  howew^  jp 
to  be  used  to  impregnate  water*  or  in  making  alkaline  aolpUMI 
the  presence  of  that  gas  is  immaterial.  With  that  objeeli' J 
quantity  of  oil  of  vitrioU  equal  in  volume  to  4  ounce  meaaum  if 
water,  which  for  brevity  may  be  spoken  of  as  4  ounce  meaiaiBi 
of  oil  of  vitriol,  may  be  introduced  into  a  flask  (see  figure)  i#k 

i  ounce  of  pounded  charcoal,  andlii 
two  substances  well  mixed  widiagJIM 
tion.  Effervescence  takes  plaoi^ iqn 
applying  heat  to  the  flask,  £raii|*jlll 
evolution  of  gas,  which  may  be^Mki 
ducted  in  the  first  instanoe  iplldA 
intermediate  phial,  through  the.M 
of  which  a  stout  tube  paas(PS,:jS||| 
at  both  ends  and  about  S-8t]b»  9im 
inch  in  internal  diameter.  T1q%P^ 
contains  about  an  ounce  (j£  ynilfH 
into  which  the  tube  dips,  and  mtaft 
the  purpose  of  condensing  any  jMii 
phuric  acid  vapour,  that  may  be  carried  over  by  the  gas,  0f)|l{ 
intercepting  the  liquid  material  in  the  flask,  if  thrown  oat  Jf 
ebullition,  and  also  of  preventing  the  liquid  in  the  second  hatlh 
from  passing  back,  by  the  gas  tube,  into  the  generating  imk^ 
on  the  occurrence  of  a  contraction  of  the  air  in  that  flask,  ikp 
cooling  or  any  other  cause.  When  that  contraction  happens  is 
this  arrangement,  the  external  air  enters  the  intermediate  pkjfl 
by  its  open  tube.  The  second  bottle  is  nearly  filled  with  Al 
Uquid  to  be  impregnated  by  the  gas.  This  is  the  form  in  smA 
frequent  use  of  the  Wolfe's  bottles,  employed  in  transmitting:* 
stream  of  gas  through  a  hquid. 

Water  at  GO*"  is  capable  of  dissolving  37  times  its  Tolvme'  ^ 
sulphurous  acid,  which  makes  it  necessary  to  collect  this  gtt  te 
examination  in  jars  filled  with  mercury  in  the  mercurial  tiougjll^* 
and  not  over  water.  Its  density  is  2210.(),  and  it  containsf 
volumes  of  oxygen  with  l-3rd  of  a  volume  of  sulphur  vapour, 
condensed  into  2  volumes,  which  form  its  combining  measure*  It 
may  easily  be  obtained  in  the  Uquid  state  by  transmitting  the  dry 
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^^lltrotigf]  a  tube  surrounded  by  a  freezing  mixture  of  ice  and 
■It,  and  forms  a  colourless  and  very  niobiJe  liquid,  of  sp.  gr,  1,45, 
wHth  boils  at  14*,  The  volatility  of  this  liquid  is  small  at  con- 
rtterabljr  lower  temperatures,  and  it  is  not  applicable  with  ad- 
tintage  to  produce  intense  cold  by  its  evaporation  {Mr.  Kemp)* 
WMi  ft  little  water,  it  forms  a  crystalline  hydrate,  which  con- 
fttiii  20  per  cent  of  acid,  and  perhaps  therefore  14  equivalents 
tf  water. 

Salphurotts  acid  is  not  decomposed  by  a  high  temperature ; 
bvtsereral  substances  such  as  carbon,  hydrogen  and  potassium, 
vbieh  hare  a  strong  affinity  for  oxygen,  decompose  it  at  a  red 
hmL,  This  acid  blanches  many  vegetable  and  animal  colours, 
awl  the  vapours  of  burning  sulphur  are  therefore  employed  to 
whiten  straw,  and  to  bleach  silk,  to  which  they  also  impart  a 
gioss*  The  colours  are  not  destroyed,  and  may  in 
be  restored  by  the  application  of  a  stronger  acid  or  an 
Aali.  Dry  sulphurous  acid  exhibits  no  affinity  for  oxygen, 
bvi  in  eontact  with  a  little  water,  these  gases  slowly  combine 
*§nd  sulphuric  acid  is  formed.  From  the  same  affinity  for  oxy- 
gm^  solpburous  add  deprives  the  solution  of  chameleon  mineral 
if  tit  red  colour,  and  throws  down  iodine  from  iodic  acid.  It 
fceempoges  the  solutions  of  those  metals  which  have  a  weak 
dfadty  for  oxygen,  such  as  gold,  silver  and  mercury  (with  heat], 
md  throws  down  these  bodies  in  the  metallic  state.  Sulphu- 
arid  is  conveniently  withdrawn  from  a  gaseous  mixture  by 
of  peroxide  of  lead,  which  is  converted  by  absorbing  this 
fM  Into  the  white  sulphate  of  lead.  By  nitric  acid,  sulphurous 
lod  is  ttnmediately  converted  into  sulphuric  acid* 
Si^pAtY«9.— The  alkaline  sulphites  have  a  considerable  resem- 
to  the  corresponding  sulphates.  Their  acid  is  precipi- 
l  by  the  chloride  of  barium,  but  the  sulphite  of  barytes  is 
by  hydrochloric  acid.  Sulphurous  acid  is  a  weak  acid 
Ml  ilm  smlts  are  decomposed  by  most  other  acids« 

1196$, — Besides  the   application  of  which  sulphurous  acid  is 

*Swqj(ible   in   bleaching,  it  is  likewise    employed   in   French 

loipilili,  in  the  treatment  of  diseases  of  the  skin.     The  gas  is 

thai  appbed  in  the  form  of  a  bath,  (Dumas,  Trait^  de  Chimie 

ippliqis^aux  Arts,  t.  I,  p.  151). 

Tliis  oxide  of  sulphur,  besides  acting   as  an  acid,  appears  to 
jJby  the  part  of  a  radical,  like  carbonic  oxide,  and  to  pervade  a 
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class  of  compounds,  in  which  hyposulpharous  acid  and  sulplin- 
ric  acid  are  included. 


SULPHUROUS 

ACID    SERIES. 

Sulphurous  acid. 

.  SO, 

Sulphuric  acid. 

.  SOa  +  O 

Hyposulphurous  acid. 

.  SO3  +  S 

Chlorosulphuric  acid. 

.  SOa+a 

lodosulphuric  acid. 

.  SO,+I 

Nitrosulphuric  acid. 

.  SO2+NO, 

SULPHURIC  ACID. 

Eq.  501.17,  or  40.12;  SO3  ;  density  27^2  ; 


Chemists  have  been  in  possession  of  processes  for  prepaiiiig  ] 
this  acid  since  tlie  end  of  the  fifteenth  century.  It  is  of  all  n-  ' 
agents  the  one  in  most  frequent  use,  being  the  key  to  the  pn- 
paration  of  most  of  the  other  acids,  which,  in  consequence  of  iti 
superior  affinities,  it  separates  from  their  combinations,  sod 
being  the  acid  preferred  to  others  from  its  cheapness,  for  varioBi 
useful  and  important  purposes  in  the  arts. 

Preparatio7i, — Sulphuric  acid  was  first  obtained  by  the  distil- 
lation of  green  vitriol  or  copperas,  a  native  sulphate   of  iroi| 
and  this  process  is  still  followed  at  Nordhausen  in  Saxony,  fcr 
the  preparation  of  a  highly  concentrated  acid.     The  sulphate  of 
iron  contains  seven  equivalents  of  water,  and  is  first  dried,  bf 
which  its  water  is  reduced  considerably  below  a  single  equivalenti 
and  then  distilled  in  a  retort  of  stoneware  at  a  red  heat*     Whai 
the  experiment  is  ]icrformed  on  a  small  scale,  the  heat  of  an  tf* 
gand  spirit  lamp  is  sufficient;  and  in  the  place  of  cop|)eras,  drt 
sulphate  of  iron  previously  peroxidized,  the  sulphate  of  biamuthi 
of  antimony,  or  of  mercury  may  be  employed.     The  first  cfcet 
of  heat  upon  the  dried  copperas,  is  to  cause  an  evolution  of  sot 
phurous  acid  gas,  'a  portion  of  sulphuric  acid  being  decompoied 
in  converting  the  protoxide  of  iron  of  that  salt  into  perozidfl* 
Vapours  afterwards  come  over,   which  condense  into  a  fuming 
liquid,  generally  of  a  black  colour,  and  of  a  density  about  Uy 
which  is  the  Nordhausen   acid,    and  contains  less  than  oM 
equivalent  of  water  to  two  of  sulphuric  acid.    Tliis  acid  is  prfr 
ferred  for  dissolving  indigo,  and  for  some  other  purposes  in  the 
arts,  and  is  the  best  source  of  anhydrous  sulphuric  acid. 
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Bat  sulphuric  acid  is  prepared,  in  vastly  greater  quantity,  by 
tke  oxidation  of  sulphur.  When  burned  in  air  or  oxygen, 
loi^faur  does  not  attain  a  higher  degree  of  oxidation  than 
id^iifons  acid,  but  an  additional  proportion  of  oxygen  may 
be  oommumcated  to  it  by  two  methods,  and  sulphuric  acid 
Kiniicd. 

i*.  When  a  mixture  of  sulphurous  acid  and   air  is  made  to 
pltt  orer  spongy  platinum  at  a  high  temperature,  the  sulphu- 
1  IQID8  add  is  converted  into  sulphuric  acid  at  the  expense  of  the 
CBjgen  of  the  air.     Mr.    Peregrine  Phillips,    who   first  made 
thb  observation,  has  founded   upon  it  a  method  of  preparing 
n^tiric  acid  on  the  large  scale,  which,  altliough  not  yet  suffi- 
ciently tried  to  establish  its  advantage  as  a  manufacturing  pro- 
eeis,  is  atill  of  great  interest  in  a  scientific  point  of  view,  and 
fairres  consideration,     Sulphu'  is  burned,  or  iron  pyrites  in 
jlicc  of  it,  and  the  sulphurous  acid  produced,  is  mixed  with  an 
ooesa  of  air,  by  a  blowing  apparatus,  and  carried  through    a 
tttbc  filled  wnth  the  platinum  sponge  or  balls  of  fine  platinum 
wire.     Tlie  vapours  of  sulphuric  acid  formed,   which  are  mixed 
tith  the  nitrogen  of  the  air,  are  condensed  in  a  long  and  narrow 
nasel  of  lead,  in  an  upright  position,  filled  with  pebbles,  which 
Vikept  constantly  wet  by  a  smalt  stream  of  water,  admitted  at 
tlie  top  aiid  which  percolates  downwards. 

2*.  Sulphurous  acid  mixed  with  air  may  likewise  be  con- 
fttted  into  sulphuric  acid,  by  the  agency  of  nitric  oxide,  which 
ii  the  process  generally  pursued  in  the  manufacture  of  that 
*^-*  Tlie  theory  of  this  latter  method,  which  is  by  no  means 
iSf  was  established  by  the  researches  of  Clement  De- 
wsjrm^s  and  of  Sir  H.  Davy,  When  nitric  oxide  mixes  with  air 
ID  eser.s&,  it  instantly  combines  with  oxygen,  and  becomes  in 
1  grtat  measure  peroxide  of  nitrogen,  or  NO^.  If  diy  sulphu- 
fWis  add  gas,  SO^,  be  mixed  vrith  that  compound,  no  change 
™^*"'^,  the  two  gases  when  dry  having  no  action  upon  each  other, 
a  little  moisture,  in  the  state  of  vapour  be  admitted  to 
i^okixtare,  then  oxygen  is  transferred  from  the  peroxide  of 
tknpn  to  ihe  sulphurous  acid,  the  former  becoming  nitrous 
idd  N()^,  and  the  latter  sulphuric  acid  SO^ ;  and  these  two 
iB^  in  combination  with  each  other  and  with  a  portion  of 
mer,  precipitate  as  a  crystalline  solid,  a  kind  of  sulphate  of 
intnnii  acid,  of  which  the  exact  composition  has  been  already 
jifTim  (page  2S9).     The  effect  of  an  additional  small  quantity  of 
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water  upon  this  crystalline  solid  is  remarkable,  oocasioniiig  iti 
decomposition  with  eflfervescence ;  a  hydrate  of  sulphuric  acid 
remains  behmd,  and  the  nitrous  acid  is  expelled  in  a  state  of 
decomposition,  as  nitric  oxide  and  peroxide  of  nitrogen.  Hie 
result  then  of  these  changes  has  been  the  formation  of  a  certain 
quantity  of  sulphuric  acid ;  and  the  nitric  oxide  is  again  restond 
to  the  gaseous  atmosphere  ;  where  if  it  meets  a  second  time 
with  oxygen,  sulphuroiis  acid  and  moisture,  it  may  give  occasioB 
to  a  repetition  of  the  same  changes,  and  the  formation  of  an 
additional  proportion  of  sulphuric  acid^  and  do  so  again  and 
again,  so  long  as  it  continues  to  meet  with  both  oxygen,  sul- 
phurous acid,  and  moisture.  The  nitric  oxide  is  thus  a  median 
of  transference,  by  which  the  oxygen  of  the  air  reaches  tbe 
sulphurous  acid,  and  a  small  portion  of  the  former  may  be  tbe 
means  of  converting  a  large  quantity  of  the  latter  into  aulphiuk 
acid. 

In  the  manufacture  upon  the  large  scale,  the  sulphurous  acid 
is  converted  into  sulphuric  acid,  in  oblong  chambers  of  sheel* 
lead,  supported  by  an  external  framework  of  wood.  Sul- 
phurous acid  from  burning  sulphur,  nitric  acid  vapour  and 
steam  are  simultaneously  admitted  into  the  leaden  chamber; 
and  the  sulphuric  acid  formed  accumulates  in  the  liquid  state 
upon  the  floor  of  the  chamber.  The  diagram  below  repreaenti 
one  of  the  most  improved  forms  of  the  chamber,  with  its  appen- 
dagea. 

Fig.  87. 


a  represents  the  water  boiler,  with  its  furnace  for  aupplyinK 
the  chamber  with  steam  ;  &,  the  section  of  a  small  chambor  in 
brickwork,  or  furnace,  called  the  burner,  upon  the  floor  d 
which  the  sulphur  bums,  and  in  which  there  is  a  tripod  wof 
porting  an  iron  capsule,  which  contains  the  materials  for  mIliB 
acid,  namely  oil  of  vitriol  and  either  nitre  or  nitrate  of  sodfti 
The  heat  of  the  burning  sulphur  evolves  the  nitric  add  fro* 
these  materials,  and  consequently  the  sulphurous  acid  beoMMi 
mixed  with  nitric  acid  vapour,  which  it  carries  forward  irith  it, 
by  a  tube  represented  in  the  figure,  into  the  chamber,  when 
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Atse  acid  vapours  meet  with  the  Kteam  adinitterl  near  the  same 
point,  and  the  formation  of  sulphuric  arid  takes  ])lar'e.  The 
nitric  acid  vapour  is  equivalent  to  nitric  oxide  or  ])eroxicle  of 
nitrogen,  as  the  first  effect  of  the  sulphurous  acid  is  to  reduce 
die  nitric  acid  to  a  lower  state  of  oxidation.  From  K  to  19 
puts  of  sulphur  are  consumed  in  the  burner  for  I  ])art  of  nitre 
deoomposed  there,  so  that  the  quantity  of  nitmus  funics  is 
msll  compared  with  the  quantity  of  sul])liurous  acid  thrown 
Jito  the  chamber.  The  chamber  itself  is  72  feet  in  length  by 
14  in  breadth  and  10  in  height,  and  is  divided  into  three  com- 
pvtmenta,  by  leaden  curtains  placed  across  it,  two  of  which, 
iuki/,  are  suspended  from  the  roof,  and  reach  to  within  six 
inches  of  the  floor,  and  one  e  rises  from  the  floor  to  within  six 
indies  of  the  roof.  ^  is  a  leaden  conduit  tube,  for  the  dis- 
dmrge  of  the  uncondensible  gases,  which  should  communicate 
with  a  tall  chimney,  to  carry  off  these  gases  and  to  occasion  a 
ifight  draught  through  the  chamber.  Tiie  curtains  serve  to 
detun  the  vapours,  and  cause  them  to  advance  in  a  gradual 
manner  through  the  chamber,  so  that  the  sulphuric  acid  is 
deposited  as  completely  as  iwssible,  before  the  vapours  reach 
flie  discharge  tube.  When  the  oxygen  of  the  chamber  is  ex- 
bansted,  the  admission  of  acid  vapours  is  discontinued,  till  the 
nr  in  it  is  renewed.  But  the  admission  of  air  to  the  chamber 
is  lometimes  so  regulated,  that  a  continuous  current  is  main- 
tained through  the  chamber,  and  the  combustion  proceeds  with- 
out interruption.  When  steam  is  admitted  in  proper  quantity, 
•I in  this  method,  it  is  not  necessary  to  begin  by  covering  tlic 
floor  with  water,  as  the  sulphuric  acid  is  condensed  with- 
out it 

The  acid  may  be  drawn  off  from  the  floor  of  the  chamber  of  a 
ip.  gr.  as  high  as  1.6.  It  is  further  concentrated  in  open  leaden 
pus,  till  it  begins  to  act  upon  the  metal  and  afterwards  in 
Ktorts  of  platinum  or  glass.  It  still  retains  small  quantities  of 
litroas  acid  and  sulphate  of  lead,  firom  which  it  can  be  com- 
pletely purified  by  dilution  with  water  and  a  second  distillation. 
The  acid  thus  obtained  in  its  most  conccntnited  state  is  a  defi- 
nite compound  of  one  atom  acid  and  one  atom  of  water,  which 
ait  cannot  be  separated  by  heat,  the  hydrale  distilling  over 
unchanged.     It  is  the  oil  of  vitriol  of  conmierce. 

Properties. — Anhydrous  sulphuric  acid  is  obtained  by 
Tently  heating  the  fuming  acid  of  Nordhausen  in  a  retort,  and 
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receiving  its  vapour  in  a  bottle  artificially  cooled^  which  en 
afterwards  be  closed  by  a  glass  stopper.  It  condenses  in  solid 
fibresy  like  asbestos,  which  are  tenacious  and  may  be  monlded 
by  the  fingers  like  wax.  Its  density  at  68**  is  1.97-  At  77*  it 
is  liquid,  and  a  little  above  that  temperature  it  enters  into  ebol- 
lition,  affording  a  colourless  vapour,  which  produces  denie 
white  fumes  on  mixing  with  air,  by  condensing  the  moisture  in 
it.  The  dry  acid  does  not  redden  litmus,  an  effect,  which  re- 
quires the  presence  of  moisture.  It  combines  witli  sulphur,  and 
produces  compounds  which  are  of  a  brown,  green  and  bhs 
colour,  and  with  one  tenth  of  its  weight  of  iodine  forms  a  com- 
pound of  a  fine  green  colour,  which  assumes  the  crystalline 
form.  Heated  in  the  acid  vapour,  caustic  lime  or  barytes  in* 
flames  and  bums  for  a  few  seconds ;  the  vapour  is  absorbed,  and 
sulphate  of  lime  or  barytes  formed.  The  anhydrous  acid  hie 
a  great  affinity  for  water,  and  when  dropped  into  that  liqaidf 
occasions  a  burst  of  \'apour,  from  the  heat  evolved.  The  den- 
sity of  its  vapour  was  found  to  be  3000  by  Mitscherlich,  but  it 
is  probably  2762,  and  formed  of  3  volumes  of  oxygen  and  l-3ld 
of  a  volume  of  sulphur  vapour,  condensed  into  2  volume^ 
which  constitute  its  combining  measure.  This  vapour  ii 
resolved  by  a  strong  red  heat  into  sulphurous  acid  ud 
oxygen. 

When  the  Nordhausen  acid  is  retained  below  32%  well  formed 
crystals  appear  in  it,  which  Mitschcrlich  finds  to  be  a  compound 
of  two  equivalents  of  acid,  and  one  of  water,  or  2SO3  +  H0.* 
This  compound  is  resolved  by  heat  into  the  anhydrous  add, 
which  sublimes,  and  the  first  hydrate,  or  oil  of  vitriol. 

The  most  concentrated  oil  of  vitriol  of  the  leaden  chamben 
(HO  +  SO3)  is  a  dense,  colourless  fluid,  of  an  oily  consistence 
which  boils  at  G20**,  and  freezes  at — 29",  yielding  often  regulir 
six  sided  prisms  of  a  tabular  form.  It  has  a  specific  gravity 
at  60°  of  1.8-47  or  a  little  higher,  but  never  exceeding  LSSft 
It  is  a  most  powerful  acid,  supplanting  all  others  from  their 
combinations,  with  a  few  exceptions,  and  wlien  undiluted  il 
highly  corrosive.  It  chars  and  destroys  most  organic  sub- 
stances. It  has  a  strong  sour  taste,  and  reddens  litmus  even 
though  greatly  diluted.  Sulphur  is  soluble  to  a  small  extent  in 
the  concentrated  acid,  and  communicates  a  blue,  green  or  brown 

•  Elcmens  do  Cliimie,  par  E.  Mitacherlicfa,  t.  2,  p.  57. 


SULPHURIC  ACID.  Mf 

Imt  to  it ;  so  are  selenium  and  tellurium.  Charcoal  also  ap- 
|M«ni  to  be  slightly  soluble  in  this  acid,  impartifig  to  it  a  pink 
iBit,  which  afterwards  becomes  reddish  brown.  The  concen- 
liated  acid  has  a  great  affinity  for  water,  which  it  absorbs  from 
tfe  atmoqpbere ;  and  is  usefully  employed  to  dry  substances 
jkeed  near  it  in  vacuo.  Considerable  heat  is  evolved  in  ita 
mahiiiitrion  with  water ;  when  4  parts  by  weight  of  the  concen- 
toted  add  were  suddenly  mixed  with  I  j^art  of  water,  the  tem- 
pmlsre  waa  observed  by  Dr.  Ure  to  rise  to  300".  The 
tmmtf  of  this  arid  becomes  less  in  proportion  to  its  dilu- 
ioa. 

Add  of  sp*  gr.  1, 78  is  a  second  hydrate,  contaiuing  two 
Wmm  of  lifater  to  one  of  acid.  This  hydrate  forms  large  and 
ii^idar  cnrstals,  even  above  the  freezing  point  of  water^  and 
lemains  solid,  according  to  Mr.  Keir,  till  the  temperature  rises 
5°.  If  the  dilute  acid  is  evaporated  at  a  heat  not  exceeding 
its  water  is  reduced  to  the  proportion  of  this  hydrate, 
second  atom  of  water  is  expelled  by  a  higher  temperature, 
ibe  first  atom  can  only  be  separated  from  the  acid  by  a 
base.  Sulphuric  acid  forms  still  a  third  hydrate,  of  sp. 
.632,  containing  three  atoms  of  water,  the  proportion  to 
Uie  w  ater  of  a  more  dilute  acid  la  reduced,  by  evaporation 
in  Tacao  at  212^  It  is  also  in  tlie  proportions  of  this  hydrate, 
Ihal  the  arid  and  water  undergo  the  greatest  condensation,  or 
isdoctioti  of  volume,  in  combining.  The  following  then  are  the 
fiirmulfle  of  the  definite  hydrates  of  this  acid,  including  that 
derived  by  Mitscherlich  from  the  Nordhausen  acid  i — 

k[}dnite  ill  the  Nordhausen  acid.  .  HO,2S03 

a  of  TTtriol  (sp.  gr,  1^50).         .  .  HO,  SO3 

ad  of  sp.  gr.  I.78             .         .  ,  HO,  8O3  -^  HO 

Aad  of  up.  gr.  1.G32            .         .  .  HO,  SOa-h^HO 

Salpburic  acid  act*  in  two  different  modes  upon  metals,  dis- 
loiving  aome,  tfocfa  an  copper  and  mercury,  with  the  evolution 
rf  sillpbitrcms  acid,  and  others,  such  as  zinc  and  iron,  with 
&e  tYolttlian  of  hydrogen  gas.  The  metal  is  oxidated  at  the 
eipcaise  of  the  acid  itself  in  the  one  case,  and  of  the  water  in 
combination  with  the  acid  in  the  other.     The  acid  acts  with 
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most  advantage  in  the  first  mode,  when  oonoentretedy  wuim 
the  second  when  considerably  diluted. 

The  presence  of  salphoric  acid  in  a  liquid  may  alwaya  be  ik 
tected  by  means  of  chloride  of  barium,  which  produces  ^wtk 
this  acid  a  white  precipitate  of  sulphate  of  barytesy  inaoUb 
in  both  acids  and  alkalies.  ■    -iv. 

Sulphates, — Of  no  class  of  salts  do  chemists  poMcsa  a  :non 
minute  knowledge  than  of  the  sulphates.  The  ao^ihatea  sf 
zinc,  magnesia  and  other  members  of  the  magnenan  half 
correspond  closely  with  the  hydrate  of  sulphuric  acid.  Hub 
of  the  seven  atoms  of  water  which  the  crystallized  snlphitoirf 
magnesia  possesses,  it  retains  one  at  400^,  andia  then  aiialsgail 
to  the  sulphate  of  water  of  sp.  gr.  1*78;  the  fbnmila  of  Am 
two  salts  beings  -jh 

MgO,  SO3+HO, 

HO,  SO3+HO.  '^ 

i.ir 

and  the  atom  of  water  in  both  salts  may  be  replaced  by  au^dHll  ; 
of  potash,  when  the  sulphate  of  water  forms  the  sak  called  tU  ^ 
bisulphate  of  potash,  and  the  stdphate  of  magnesia  ibnns  (H 
double  sulphate  of  magnesia  and  potash,  of  which  the  fbnmilii 
also  correspond  :— 

HO,  SO3-I-KO,  SO3 
MgO,S03+KO,S03. 

In  all  these  sulphates,  there  is  one  atom  of  acid  to  one  of  biie. 
But  with  potash,  sulphuric  acid  forms  a  second  salt,  in  wbiA 
two  of  acid  are  combined  with  one  of  base,  and  which  bil 
lately  been  obtained  in  a  crystallized  state  by  M.  JacqueEn.* 
The  sulphates  are  known  to  correspond  with  the  chromates,  ani 
this  new  salt  corresponds  with  red  chromate  or  bichromate  of 
potash.  A  third  sulphate  of  potash  is  to  be  looked  for,  oontf- 
ponding  with  the  terchromate  of  potash.  The  series  of  Mif- 
drtms  sulphates  of  potasli,  admitting  the  latter,  will  therefore  te 


Sulphate  of  potash 
Bisulphate  of  potash 
Tersulphate  of  potash 


I.             11. 

III. 

KO+SO,      KO+SO3 

K+SO4 

KO+2SO3    KO+SjO, 

K+S,0, 

KO+3SO3    KO+S3O, 

K+S,0„ 

•  An.  de  Ch.  et  de  Ph.  L  70,  p.  311. 
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acid  appears  by  the  first  column  to  be  capable  of 
eonibiiui^  with  a  base  in  three  multiple  proportions^  and  so 
foes  chromic  and  probably  also  manganic  and  selenic  acids 
r-,.-^:  ar«  bomorphou»  with  sulphuric  acid,  while  nitric  acid 
ttd  carbonic  acid,  so  far  as  is  known,  combine  with  bases  only 
keme  proportion.  Iodic  acid,  it  will  afterwards  be  found,  cor* 
iH|iOfids  with  sulphuric  acid  in  this  respect,  there  being  an 
lihydrous  iodate,  biniodate  and  teriodate  of  soda  (Mr.  Penny). 
Tbs  fXMnpoaition  of  such  salts  is  not  easily  reconciled  viith  the 
faftiine  of  the  constitutional  neutrality  of  salts*  or  with  the 
ttlt^mlie&l  theory,  aa  has  already  been  remarked  (page  1 70) .  In 
te  second  column  these  sulphates  are  represented  in  a  different 
numer,  suggested  by  the  relation  in  composition  to  each  other 
rfoertain  organic  acids,  particularly  of  the  class  including  cyanic, 
Ittlmiiiic  and  cyan  uric  acids,  in  the  second  and  third  of  which, 
fCspectively,  the  atom  of  cyanogen  is  doubled  and  trebled.*  A 
dmilar  doplicatiDn  and  triplication  of  the  atom  in  compounds, 
MiDS  lo  be  not  an  uncommon  cause  of  isomerism,  as  in  the 
hjdrocarburets  (page  156,  and  table  of  densities,  page  134)* 
Ae  add  itself  is  supposed  in  the  second  column  to  be  different 
anbese  three  salts,   namely  SO3,  S^O^,  830^,  and  the  salts 


to  be  anomalous,  being  all  represented  as  neutral  salts, 
eaDtiimog  one  atom  of  acid,  to  one  of  base.  In  the  third 
islilBiji,  the  same  view  of  the  constitution  of  these  sulphates  is 
tooonniiodated  to  the  salt*  radical  theory. 

These  duplicated  and  triplicated  sulphuric  acids  are  supposed 
iboire,  to  form  each  a  monobasic  class  of  sulphates;  but  if, 
■loreover,  it  be  assumed  that  one  of  them,  the  duplicated  sul- 
phuric acid  S3  Ofi,  with  the  corresponding  chromic  acid  Cfg  Og, 
ii  abo  capable  of  forming  a  bibasic  class  of  salts,  then  some 
other  MJt»  of  the  same  class  will  be  brought  more  in  accordance 
with  tJic  general  views  entertained  respecting  salts>  than  tliose 
nits  at  present  are,  as  their  constitution  is  generally  represented. 
The  salts  named  will  be  represented  as  follows : 


t  1  nmj  Uke  thia  opportuaity  lo  rectify  the  etattment  made  reapectin^ 
ikeii  aoib  at  page  168.  JUebi^  in  bis  recent  memoir  on  the  organic  acids 
baa  repretented  cyanic  acid  &5  nioDobasic,  MO-^CN^O ;  ftilminic  as  bibaBic, 
lMO^C,>\0, ;  and  cyanuric  as  tnbaaic,  3M0  +  C^N^O,.  and  not  these  acida 
aa  aZl  tqfually  tribaaic,     Kn.  de  Ch«  et  de  Fh,  t  6^,  p.  5. 
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Oypsum,  or  hydrated  sulphate  of  lime  2CaO^  S^O^  +  HO  +SHO 
Johnston's  hydrated  sulphate  of  lime  2CaO,  S^Og  +  HO 

Glauberite  (sulphate  of  soda  and  lime)  n^Q  f  +  SjOi^ 

KO  1 

Chromate  of  potash  and  soda  NbO  I  "^^'2  ®6 

L^etf.— Sulphuric  acid  is  employed  to  a  large  extent  in  elimi- 
nating nitric  acid  from  nitrate  of  potash,  and  in  the  preparatioa 
of  hydrochloric  acid  and  chlorine,  from  chloride  of  sodium,  and 
also  in  the  processes  of  bleaching.  But  the  greatest  coDsump- 
tion  of  tliis  acid  is  in  the  formation  of  sulphates,  particularly  of 
sulphate  of  soda,  by  the  decomposition  of  which  salt,  nearly  all 
the  carbonate  of  soda  of  commerce  is  at  present  procured. 


HYPOSULPHUROUS  ACID. 
Eg.  602.84  ;  S^O,  or  SO3  +  S  ;  not  uolable. 

The  hyposulphites  are  better  known  than  hyposulphuroni 
acid  itself,  wlach  is  a  body  of  little  stability,  quickly  undergdng 
decomposition,  when  liberated  by  a  stronger  acid,  from  a  aoln- 
tion  of  any  of  its  salts,  and  resolving  itself  into  sulphurous  acid, 
sulphuretted  hydrogen  and  sulphur.  These  salts^  long  con- 
sidered as  a  species  of  double  salts,  and  called  sulphuretted 
sulphittSy  were  first  supposed  to  contain  a  peculiar  acid  by  Dr. 
Thomson  and  by  Gay-Lussac,  a  conjecture  afterwards  verified 
by  Sir  John  Hcrschell,  whose  early  researches  upon  this  acid 
form  the  subject  of  a  memoir  of  great  interest.* 

Preparation. — Tlie  sulphite  of  soda,  prepared  by  saturating 
a  solution  of  carbonate  of  soda  by  sulphurous  acid  (page  319)f 
is  converted  into  hyposulphite,  by  digesting  it  upon  flowers  of 
sulphur  at  a  high  temperature,  but  without  ebullition.  The 
sulphurous  acid  assumes  an  atom  of  sulphur,  and  remains  in 
combination  with  the  soda ;  or,  in  symbols — 

NaO  +  SOa  and  S  =  NaO-f  SOj,,  S. 

The   solution   may  afterwards  be  evaporated,  (ebullition  being 
*  Edinburgh  Philosophical  JournoJ,  vol.  1,  pp.  Band  396. 
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k9  the  hyposulphites  are  all  partially  decom- 
poae(lat2W;)  aiid  afTords  large  crystab  of  the  hyposulphite 


of  «oda.      When    solution    of  caustic  soda   is    digested  upon 


wlphur,  the  latter  is  likewise  dissolved,  and  a  mixture  of  1  eq* 
of  hyposulphite  of  soda  with  2  eq.  of  sulphuret  of  sodium  results^ 
^  wfaidi  the  last  may  dissolve  an  excess  of  sulphur : — 

3NaO  and  4S  =  NaO  -h  SaO^  and  2NaS. 

Eiposed  to  the  air,  this  solution  slowly  absorbs  oxygen,  and  if 
itfrrntains  a  certain  excess  of  sulphur,  passes  entirely  into  li>^o- 
vJphite  of  soda. 
The  hyi>osulphite  of  Uine  is  also  formed,  by  digesting  together 
I  jart  of  sulphur  and  3  of  hydrate  of  lime  at  a  high  temperature, 
then  changes  of  the  same  nature  occur  as  with  sulphur  and 
aoitic  soda,  and  the  solution  becomes  red;  a  stream  of  sul- 
pUrous  acid  gas  is  conducted  through  the  solution  after  It  has 
cooled^  and  converts  the  whole  salt  into  hyposulphit-e^  occasion* 
^  the  same  time  a  considerable  deposition  of  sulphur.     The 

.^ un  here  is  rather  complicated,  the  sulphurous  acid  uniting 

iiith  one  portion  of  sulphur,  to  form  hyposulphurous  acid,  and 
iIki  liberating  another  portion  of  the  same  element  from  the 
lotphuret  of  calcium.  It  is  expressed  in  the  foilomng  for- 
oi«ila: 

2CaS  and  SSO^  =  2CaO -H  2S3O2,  and  S. 

Zbc  and  iron  also  dissolve  in  the  solution  of  sulphurous  acid  in 
viler,  mith  little  or  no  effervescence,  deriving  the  oxygen  neces- 
mrr  to  cotirert  them  into  oxides,  not  from  water,  but  from  the 
fulfihurous  acid,  two-thirds  of  which  are  thereby  converted  into 
hrpe^alphurous  acid,  which  combines  with  half  of  the  oxide 
ptodoced ;  while  the  other  third,  remaining  as  sulphurous  acid, 
nitesf  with  the  otJier  moiety  of  the  same  oxide  : — 

SSOa  and  2Zn  ^  Zn  O,  S^Oa  and  Zo  O,  SO^. 

The  hyposulphite  obtained  by  this  process  is,  tJierefore,  mixed 
with  a  xulphtte. 
Properties. — ^Thc  acid  of  these  salts  undergoes  decomposition 
hen  tbey  are  strongly  heated,  or  treated  with  an  acid.  It 
fariDi  »ohibte  salts  with  lime  and  strontian,  in  which  respect  it 
ASm  from  sulphurous  and  sulphuric  acids ;  the  hyposulphite 
of  bttytes  is  insoluble.     It  also  forms  a  remarkable  salt  with 
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silver,  which  has  no  metallic  flavour,  but  tastes  extremely  sweet 
The  existence  of  a  hyposulphite  in  a  solution,  is  easily  recng- 
nized,  by  its  possessing  the  power  to  dissolve  fireshly  preci]!!- 
tated  chloride  of  silver^  and  become  sweet. 

V$e$. — ^The  hyposulphite  of  soda  is  employed  to  distingoish 
between  the  earths  strontian  and  barytes,  the  latter  of  whidiit 
precipitates,  and  not  the  former.  It  is  also  applied,  ia 
certain  circumstances,  to  dissolve  the  insoluble  salts  of 
silver. 

CHLOROSULPHURIC  ACID. 
Eq.  843.8  or  67,6;  SOjCl;  4652  ;  fTI' 


A  compound  which  contains  sulphur,  oxygen,  and  chlorinB^ 
has  lately  been  discovered  by  M.  Renault,  which  he  conskkn 
as  a  combination  of  sulphurous  add  with  chlorine,  and  therafin    j 
a  member  of  the  sulphurous  acid  series.*    The  circumstanoei    ^ 
of  the  formation  of  this  compound  are  singular.    Chlorine  tnl 
sulphurous  acid  gases,  dry  or  humid,  may  be  mixed  and  em 
transmitted  through  a  glass  tube,  containing  pounded  glass  ir 
spongy  platinum,  at  all  temperatures,  without  combining.    But 
when  chlorine,  which  should  be  perfectly  dry,  is  allowed  to  meet 
in  a  glass  balloon  at  once  sulphurous  acid  and  oleiiant  gas,  per- 
fectly dry,  a  chloride  of  sulphurous  acid,  and  a  chloride  of  olefiant 
gas  are  simultaneously  formed,  ^dth  the  evolution  of  much  heit^ 
and  condense  together  as  an  extremely  mobile  liquid,  of  a  shiip 
and  suffocating  odour.  Regnault  has  observed  that  neither  of  theK 
compounds  can  be  produced  without  the  other,  although  they  sre 
produced  in  a  variable  relation  to  each  other  as  to  quantity.  Ite 
olefiant  gas,  evolved  upon  heating  6  parts  of  oil  of  vitriol  iriA 
1  part  of  concentrated  alcohol,  passed  through  two  vessels  ooft- 
taining  oil  of  vitriol,  to  dry  it,   contains  enough  of  sulpharM 
acid  for  the  preceding  experiment.  The  liquor  produced,  thrown 
into  water,  falls  first  to  the  bottom,  in  the  form  of  oily  drops,  bat 
soon  dissolves  partially  with  elevation  of  temperature,  and  tlie 
chloride  of  olefiant  separates  unaltered.   The  chlorosulphuric  acid 
itself,  in  dissolving,  decomposes  1  atom  of  water,  and  changci 
into  hydrochloric  acid  and  sulphuric  acid,  a  reaction  which  de- 
monstrates  the   original  compound  to  consist  of  1  atom  of  sul- 
phurous acid  with  1  atom  of  chlorine. 

•  Ad.  dc  Ch.  et  dePh.  t.  69,  p.  170. 


The  density  of  the  vapour  of  chlorosulpburic  acid,  was  found 
by  experiment  to  be  4703,  which  agrees  with  the  theoretical 
density  4652.  It  consists  of  2  volumes  of  sulphurous  acid 
and  2  volumes  of  chlorine  condensed  into  2  volutiics,  wliich  form 
the  combining  measure  of  tlie  vapour.  In  its  condensation,  it 
it^embles  the  vapour  of  anhydrous  sulphuric  acid.  This  body 
ibo  corresponds  exactly  in  composition  with  the  compound 
called  chlorochromic  acid,  of  which  the  true  formula  is 
>jCl,  chromium  being  substituted  m  the  latter  for  the  sulphur 
rfthe  former. 

With  dry  aramoniaoil  gas,  chlorosulphuric  acid  forms  a  white 
powder,  which  b  a  mixture  of  the  hydrochlorate  of  ammonia 
Oial  ammoniac)  and  the  true  *w//jAaw«rf^,  SO^  +  NH^,  It  does 
ccifnbine,  as  an  acid,  ^ith  bases. 
Mr.  Lyon  Playfair  has  also  lately  formed  a  corresponding 
Iphuric  acid,  by  distilling  2  equivalents  of  iodine  with 
oq,  of  sulphite  of  lead,  and  by  transmitting  sulphurous  acid 
ttirough  a  solution  of  iodine  in  wood-spirit,  in  which  this  com- 
pound is  soluble.  It  is  a  dense  liquid,  decomposed  by  water, 
Mr*  Playfair  is  likely  to  add  other  acids  to  this  class* 


NITROSULPHUaiC  ACID. 

Rq,  778.2  or  62.3;  SNO^  or  SO^,  NO^;  mi  isolable. 

H.  Pavy  made  the  observation  that  nitric  oxide  is  ab- 
by  a  mixture  of  sulphite  of  soda  and  caustic  soda,  and 
compound  is  produced,  of  which  the  principal  characte- 
tCittc  ift  to  disengage  abundance  of  nitrous  oxide,  upon  the  ad- 
an  of  an  acid  to  it.  He  concluded  that  the  nitrous  oxide, 
ch  then  escapes,  was  previously  united  with  soda, 
gave  this  as  an  instance  of  the  combination  of  that 
oxide  with  an  alkali.  As  the  sulphite  of  soda  be- 
I  at  the  same  time  sulphate,  the  conversion  of  the  nitric 
aide  into  nitrous  oxide  appeared  to  be  explained.  It  has, 
however,  lieen  lately  proved  by  Pelouze,  that  a  new  acid  is 
fanned  in  the  circumstances  of  the  experiment,  to  which  he  has 
gk?a*  the  name  nitrosulphuric,  and  which  may  be  considered  a 
CQiDpoand  of  sulphurous  acid  and  nitric  oxide,  or  another  mem- 
ber of  the  sulphurous  acid  series.* 

•  MoMeb  T»7lof*t  Scientific  McmoifB,  vol.  1,  p.  470;  or  An.  dc  Ch.  et  de 
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Pnparation. — If  a  mixture  be  made  over  mercuxy  of  2  Tolnmes 
of  sulphurous  acid^  and  4  volumes  of  nitric  oxide,  which  m 
combining  measures  of  these  gases,  no  change  occurs;  botoa 
throwing  up  a  strong  solution  of  caustic  potash  into  the  gaio, 
they  disappear  entirely  after  some  hours,  combining  with  a 
single  equivalent  of  potash,  and  forming  together  the  nitrosut 
phate  of  potash.  But  it  is  better  to  prepare  the  nitrosu^hitB 
of  ammonia.  A  concentrated  solution  is  made  of  sulphite  of 
ammonia,  which  is  mixed  with  5  or  6  times  its  volume  of  so- 
lution of  ammonia,  and  into  this,  nitric  oxide  is  passed  for 
several  hours.  A  number  of  beautiful  crystals  are  graduilly 
deposited ;  they  are  to  be  washed  with  a  solution  of  ammomi 
previously  cooled,  which  besides  the  advantage  of  retardiag 
their  decomposition,  offers  that  of  dissolving  less  of  them  tbn 
pure  water.  When  the  crystals  are  desiccated,  they  should  he 
introduced  into  a  well  closed  bottle ;  in  this  state  they  undeqo 
no  alteration.  The  same  process  is  applicable  to  the  ooim- 
ponding  salts  of  potash  and  soda.  When  a  strong  acid  is  added 
to  a  solution  of  these  salts,  for  the  purpose  of  isolating  Ae 
nitrosulphuric  acid,  the  latter  on  being  set  free,  decompoeei 
spontaneously  into  sulphuric  acid  and  nitrous  oxide,  whidi 
comes  off  with  effervescence. 

Properties. — ^The  acid  of  the  nitrosulphates  is  not  precipitated 
by  barytes.  The  nitrosulphate  of  potash,  when  heated,  becomes 
sulphite,  and  evolves  nitric  oxide ;  but  the  salts  of  soda  and 
ammonia  become  sulphates,  and  evolve  nitrous  oxide.  No 
nitrosulphates  of  the  metallic  oxides  which  are  insoluble  in 
water,  have  been  formed,  or  appear  capable  of  existing;  fcf 
when  such  salts  as  chloride  of  mercury,  the  sulphate  of  zinc  or 
of  copper,  the  persulphate  of  iron  and  the  nitrate  of  silver  aie 
added  to  the  nitrosulphate  of  ammonia,  they  produce  a  brisk 
effervescence  of  nitrous  oxide,  with  the  formation  of  sulphalic 
of  ammonia,  or  they  decompose  the  nitrosulphate  of  ammomi 
as  free  acids  do.  Indeed  the  only  nitrosulphates  which  hxr 
been  formed  arc  those  of  potash,  soda  and  ammonia.  These  ar 
neutral,  and  have  a  sharp  and  slightly  bitter  taste,  with  nothioj 
of  that  of  the  sulphites. 

These  salts  vie  with  the  peroxide  of  hydrogen  in  facility  c 
decomposition.  ITie  nitrosulphate  of  ammonia  resists  230^,  bn 
is  decomposed  with  explosion  u  few  degrees  above  that  tempe 
rature,  caused  by  the  rapid  disengagement  of  nitrous  cnddf 
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SUntions  of  the  nitrosulphates  are  not  stable  above  the 
fiening  point,  but  their  stability  is  much  increased  by  an  excess 
of  alkaU.  They  are  resolved  into  sulphate  and  nitrous  oxide, 
bf  the  mere  contact  of  certain  substances,  which  do  not  them- 
tetres  undergo  any  change,  such  as  spongy  platinum,  silver  and 
its  oxide,  charcoal  powder  and  peroxide  of  manganese,  by  acids, 
even  carbonic  acid,  and  by  metallic  salts. 

HYPOSULPHURIC  ACID. 
Eg,  902.3  or  72.24. ;  S^  Og ;  not  isolabk. 

Preparation. — This  acid  of  sulphur  was  discovered  by  Gay- 
Iassec  and  Welter,  in  1819.  To  prepare  it,  a  quantity  of 
peroxide  of  manganese,  which  must  not  be  hydratcd,  is  reduced 
to  an  extremely  fine  powder,  suspended  by  agitation  in  water, 
nd  sulphurous  acid  gas  is  transmitted  through  the  water.  The 
temperature  is  apt  to  rise  durinq;  the  absorption  of  the  gas,  but 
mnst  be  repressed,  otherwise  much  sulphuric  acid  is  produced, 
tte  formation  of  which,  indeed,  it  is  impossible  to  prevent  cn- 
tir^,  but  of  which  the  quantity  is  reduced  almost  to  nothing, 
irhen  the  liquor  is  kept  cold  during  the  operation.  The  perox- 
ide of  manganese  disappears,  and  a  solutirm  of  liy|>osulphate  of 
Ae  protoxide  of  manganese  is  formed ;  2  equivalents  of  sulphu- 
nma  acid,  and  1  of  peroxide  of  manganese,  fiirniing  one  of  liy- 
poeulphuric  acid  and  one  of  protoxide  of  manganese,  ur 

2SOa  and  MnO^  =  MnO  +  S.^  O^. 

Hie  solution  is  filtered,  and  tlien  mixed  with  a  solution  of 
idphuret  of  barium,  which  occasions  the  precipitation  of  the 
mioluble  sulphuret  of  manganese,  with  the  transference  of  the 
iTposulphiuic  acid  to  barytes.  From  this  hypusulphate  of 
Wytes,  the  hyposulphates  of  other  metallic  oxides  may  be  pre- 
ptred,  by  adding  their  sulphates  to  that  salt,  when  the  insoluble 
n^ate  of  barytes  \iill  precipitate,  and  the  hypusulphate  of 
the  metallic  oxide  added  remain  in  solution.  But  to  procure 
the  hyposulphuric  acid  itself,  the  solution  of  hyposulphatc  of 
Wytes  may  be  evaporated  to  dryness,  and  being  perfectly  pure, 
it  is  reduced  to  a  fine  powder,  weighed  and  dissolved  in  water; 
fclOO  parts  of  it  18.78  parts  of  oil  of  vitri<)I  are  taken,  which 
^  dilution  with  3  or  4  times  as  much  water,  are  employed  to 
impose  the  salt  of  barytes.     The  liberated  hyposulphuric 
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acid  solution  is  filtered,  and  evaporated  in  vacuo  over  sulphuric 
acid,  tiU  it  attains  a  density  of  l.S47>  which  mu^t  not  be  ex- 
ceeded, as  the  acid  solution  begins  then  to  decompose  spoiilft< 
neously  into  sulphurous  acid,  which  escapes,  and  sulphuric 
which  remains  in  the  liquor. 

Properties. — ^This  acid  has  not  been  obtained  in  the 
drous  condition.  Its  aqueous  solution  has  no  great  stability, 
being  decomposed  at  its  temperature  of  ebullition.  The 
solution  exposed  to  air  in  the  cold  slowly  absorbs  oxygen, 
cording  to  Heeren,  and  becomes  sulphuric  acid.  But  net 
nitric  acid,  nor  chlorine,  nor  perosdde  of  manganese  oxidize 
acid,  unless  they  are  boiled  in  its  solution.  Its  salts  are 
fectly  stable,  either  when  in  solution,  or  when  dry,  and  arc 
general  very  soluble,  having  some  analogy  to  the  nitrates- 
hyposulphite,  when  heated  to  redness,  leaves  a  neutral  sulpl 
and  allows  a  quantity  of  sulphurous  acid  to  escape,  which 
be  sufficient  to  form  a  neutral  sulphite  with  the  base  of  the  n^ij, 
phate.  This  class  of  salts  was  particidarly  examined  by  Hceierfc  j 
Hyposulphuric  acid  is  imagined  to  exist  in  acid  compounds  pmo- 
duced  by  the  action  of  sulphuric  acid  on  some  principles  of 
organic  chemistry,  in  the  sulpho-napthalic  acid,  for  instance 


SECTION    VlII, 

SELENIUM. 

Eq.  494.58  or  89.63  ;  8e ;  denaiiy  of  vapour  unknoum. 

This  element  was  discovered  by  Berzelius  in  1817, 
sulphur  of  Fahlun,  employed  in  a  sulphuric  acid  manufactory  in 
Sweden,  and  was  named  by  him  selenium,  from  XcXiyvi/,  the  mooHi 
on  account  of  its  strong  analogy  to  another  element  telluriuniy 
which  derives  its  name  from  telluSy  the  earth.  It  is  one  of  die 
least  abundant  of  the  elements,  but  is  found  in  minute  quantity 
in  several  ores  of  copper,  silver,  lead,  bismuth,  tellurium  ami 
gold  in  Sweden  and  Nor^^ay ;  and  in  combination  witli  letd^ 
silver,  copper  and  mercury  in  the  Hartz.  It  is  extracted  (rota  ft 
seleniferous  ore  of  silver  of  a  mine  in  the  latter  district,  and 
supplied  for  sale  in  little  cylinders  of  the  thickness  of  a  gpoae- 
quill,  and  three  inches  in  length  ;  or  in  the  form  of  small  medil-^ 

•  ^Qg^rndorfTs  Anii«l#ii,  v.  vii,  p  77, 
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im  of  its  diacorerer.  It  has  also  been  found  in  the  Lipari 
'AoIm  in  oombination  with  sulphur,  and  can  sometimes  be 
dteted  in  the  solpharic  acid,  both  of  Germany  and  EngUind. 
hk  lepanted  from  its  combinations  with  sulphur  and  metals 
bj  a  very  complicated  process,  for  which  I  must  refer  to  the 
ioHb  of  Benelius.* 

'ProperiieM o/gelenium. — ^This  element  is  allied  to  sulphur, 
nd  like  that  body,  exhibits  considerable  variety  in  its  phpical 
dwictera.  When  it  cools  after  being  distilled,  its  surface 
nflects  Kght  like  a  mirror,  has  a  deep  reddish  brown  colour, 
vifii  a  metallic  lustre  resembling  that  of  polished  blood-stone, 
h  density  is  between  4^  and  4.32.  When  cooled  slowly  after 
hskm,  its  surface  is  rough,  of  a  leaden  grey  colour,  ita  fracture 
ke^ndned,  and  the  mass  resembles  exactly  a  fragment  of 
nbdk.  But  as  selenium  does  not]  conduct  electricity,  and  its 
MtaUie  characters  are  not  constant,  it  is  better  classed  with  the 
m-metallic  bodies.  Its  powder  is  of  a  deep  red  colour.  By 
kit  it  is  sofkened,  becoming  semifluid  at  212*,  and  fusing  com- 
iUtf  «  few  degrees  higher.  It  remains  a  long  time  soft  on 
aolii^  and  may  then  be  drawn  out  like  sealing  wax  into  thin 
ttd  very  flexible  threads,  which  are  grey  and  exhibit  a  metallic 
hitre  by  reflected  light,  but  are  transparent  and  of  a  ruby  red 
cdonr  by  transmitted  light.  It  boils  about  650",  and  gives  a 
vipcmr  of  a  yellow  colour,  less  intense  than  that  of  sulphur, 
hit  more  so  than  that  of  chlorine.  The  density  of  tliis  vapour 
b8iK>t  been  ascertained. 

Selenium  combines  in  three  proportions  with  oxygen,  form- 
ing sdenic  acid^  which  corresponds  with  sulphuric  acid,  selc- 
rioQs  add  corresponding  with  sulphurous  acid,  and  a  protoxide, 
toiUch  there  is  no  oxide  of  sul])hur  analogous. 

(hide  of  selenium,  SeO. — ^This  is  a  colourless  gas,  sparingly 
Xihble  in  water,  formed  when  selenium  is  heated  in  air  without 
Wrning  freely.  It  has  a  powerful  odour,  suggesting  that  of 
faij^ng  horse-radish,  by  means  of  which  the  smallest  trace  of 
■denium  may  be  detected  in  minerals,  when  heated  before  the 
Vbv-pipe,  this  gas  being  then  formed. 

Sdeidous  acid,  SeO,. — Selenium]  strongly  heated  in  a  glass 
Volb,  with  a  current  of  oxygen  passing  over  it,  takes  fire  and 

•  Annals  of  PhOosophy,  toI.  13,  p.  401 ;  or  An.  de  Cli.  et  de  Ptu  t.  9,  p.  160  ; 
<^Bcndtiit*tt  TrtiU,  1 1,  p.  334,  BninelU  edition,  1838. 
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bums  with  a  flame,  white  at  the  base,  and  of  a  bluish 
the  point  and  edges,  but  not  strongly  luminous ;  seleni< 
at  the  same  time  condenses  as  a  white  subliniate,  in  long 
lateral  needles.  Its  vapour  has  the  colour  of 
same  acid  is  the  sole  product  of  the  action  of  nitric  or 
riatic  acid  upon  selenium,  and  is  obtained  on  slowly  cool 
liquor,  in  large  prismatic  crystals,  striated  lengthwise, 
have  a  considerable  resemblance  to  nitre*  These  crysl 
hydrated  selenious  acid.  This  acid  is  largely  soluble, 
water  and  alcohol.  It  is  decomposed  when  in  solution  al 
nium  precipitated  by  zinc,  iron  or  sulphite  of  ammon^ 
the  assistance  of  a  free  acid.  Tlie  selcnite  of  anHnonia 
decomposed  by  heat  and  leaves  selenium.  The  seleoio 
strong  acid,  displacing  nitric  and  hydrochloric  acids  froi 
combinations,  but  is  displaced  in  its  turn  by  the  more  fixei 
sulphuric,  boracic,  &c  i 

Selenic  acidf  Se03, — Selenium  is  brought  to  this  a 
state  of  oxidation  at  a  high  temperature,  by  fusion  witi 
a  process  wliich  affords  the  seleniate  of  potash.  The  selei 
is  precipitated  from  that  salt  by  the  nitrate  of  lead  |  i 
insoluble  seleniate  of  lead,  after  being  washed,  is  c 
through  water  and  decomposed  by  a  stream  of  sulph 
hydrogen  gas,  which  converts  the  lead  into  insoluble  su 
of  lead  and  liberates  selenic  acid,  A  solution  of  this  ac 
be  concentrated  till  its  boiling  point  rises  to  53(>%  bu 
that  temperature  it  changes  rapidly  into  selenious  acii 
disengagement  of  oxygen.  Its  density  is  then  2.60,  andj 
tains  little  more  than  a  single  equivalent  of  water,  and  tl 
corresponds  with  the  protohydrate  of  sulphuric  acid, 
TitrioL  Selenic  acid  has  never  been  obtained  in  the 
condition.  Zinc  and  iron  are  dissolved  by  this  acid, 
evolution  of  hydrogen  gas ;  and  with  the  aid  of  heat  it 
copper  and  even  gold,  an  operation  in  which  it  is 
verted  into  selenious  acid.  But  it  does  not  diss* 
To  preeipitate   its  selenium,    the  acid  may  be  o^ 

hydrocMoric  acid,  which  occasions  the  formation  of  si 
acid  and  the  evolution  of  cHorine,  and  tlien  sulphurs 
throws  down  the  selenium.  The  compounds  of  seleti 
with  bases,  so  much  resemble  the  corresponding  sulph; 
their  crystallme  form,  colour  and  external  characters, 
can  only  be  distinguished  from  them  by  the 
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ttfi  idemates  have  of  detonating  when  ignited  with  charcoal, 

tnd  caujting  a   disengagement  of  chlorine   when   heated  with 

l»]pdrochloTic  acid.     To  separate  the  selenic  from  the  sulphuric 

flcidy  fierselius   recommends  the   sattiration   of  the  acids  with 

b,  and  the  ignition  of  the  dried  salt,  mixed  with  salam- 

*.;   tlie  selenic  acid  is   decomposed  by  the  ammonia  and 

Mkieed  to  the  stale  of  selenium. 
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Bj.S92.2H  or  3\ .44  (196,14  or  15.72  according  to  Ber::eUm 
oatf  Tkmer ;)  dermty  of  vapour  4327  ;  O- 

Hiia  remarkable  element  appears  to  be  essential   to  the  or- 

of  the  higher  animals,  being  found  in  their  fluids,  and 

[  in  the  state  of  phosphate  of  hme,  the  basis  of  the  solid 

of  the  bones.     It  is  also  found  in  most  plants,  and 

in  a  few  QtineraU.     Phosphorus  was  first  obtained  by  Brand  of 

Uambargh  in  16C0,  but  Kunkel  first  made  public  a  process  for 

yBfaiiug  itj  which  was  afterwards  improved  l>y  Margraff  and 

Ijy  Scheele.     Its  ready  inflammability,  from  which  phosphorus 

derived  its  name^  has  always  made  this  substance  an  object  of 

IKvptilar  interest ;    while  the  singularity,  importance  and  variety 

€f  ibe  phosphoric  compounds  have  drawn  to  them  no  ordinary 

tare  of  the  attention  of  chemists. 

An<7»ara^iofi.«-— Phosphorus  is  not  a  substance  that  can  be 
'  Itdjr  prepared  on  a  small  scale,  but  ever  since  the  time  of 
Gidfrey  Hankwitz,  to  whom  Mr.  Boyle  communicated  a  pro- 
ttm  for  preparing  it,  phosphorus  has  been  manufactured  in 
Lmlon^  in  considemble  quantity  and  of  great  purity,  for  the 
IKof  chemists.  Tlie  earth  of  bones  is  decomposed  i^y  2-3rds  of 
id  mght  of  sulphuric  acid,  and  the  insoluble  sulphate  of  lime 
iiptrsted  by  filtration  from  the  soluble  phosphoric  acid,  which 
piitt  through  with  a  quantity  of  phusphate  of  lime  in  solu- 
tlQii.  Tbc  add  Uquor  is  then  evaporated  to  the  consistence  of 
1  lympy  «»d  mixed  with  charcoal  to  form  a  soft  paste,  which 
m  mbbed  well  in  a  mortar^  and  then  dried  in  an  iron  pot  with 
Qonstsnt  stirring  till  the  mass  begins  to  be  red  hot.  It  is  al- 
lowed to  oool,  «nd  introduced  as  rapidly  as  possible  into  a  stone- 

z  2 
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ware  retort,  previously  covered  with  a  coating  of  fire  clay.  The 
beak  of  the  retort  is  inserted  into  a  wider  copper  tube  of  a  few  , 
feet  in  length,  the  free  end  of  which  is  bent  downwards  a  few  < 
inches  from  its  extremit)^  j  and  the  descending  portion  intro- 
duced into  a  wide-mouthed  bottle,  containing  enough  of  water  ,, 
to  cover  the  extremity  of  the  tube  to  the  extent  of  a  line  or  two*  ) 
The  heat  of  the  furnace  in  which  the  retort  is  placed,  in  nXowlj  i 
mised  for  three  or  four  hours,  and  then  urged  vigorously  tilL^ 
phosphorus  ceases  to  drop  into  the  water  from  the  copper  tube<.  4 
which  may  continue  from  fifteen  to  thirty  hours,  according  U^ 
the  size  of  the  retort*  Carbon  at  a  high  temperature  take;^ 
oxygen  from  the  phosphoric  acid,  and  becomes  carbonic  oxid^ai 
so  that  the  phosphorus  is  all  along  accompanied  by  that  gas* 

Wohler  recommends,  instead  of  the  preceding  proceas^  ^m 
calcine  ivory  blacky  which  is  a  mixture  of  phosphate  of  lime  ac_j^ 
charcoal,  with  fine  quartzy  sand  and  a  little  more  ordinary 
coalj  in  cylinders  of  fire  clay,  at  a  very  high  temperature, 
cylinder  has  a  bent  copper  tube  adapted  to  it,  one  branch 
which  descends  into  a  vessel  containing  water.  The  efficier^^d 
of  Wdhler*s  process  depends  upon  the  silica  acting  as  an  acz^q 
and  combining  with  the  lime  of  the  phosphate,  at  a  high  t^^m 
perature,  while  the  liberated  phosphoric  acid  is  decompoaedL  b]{ 
the  carbon.  j 

Praperiies. — ^At    the    usual    temperature    phosphonui   v^  m 
translucent  soft  soUd  of  a  hght  amber  colour,  which  may^    bff 
bent  or  cut  with  a  knife,  and  the  cut  surface  has  a  waxy  lustre, 
Its  density  is  1*77'    Phosphorus  melts  at  J  08%  undergoing  ji  ak 
markable  dilatation  of  0.0314  of  its  volume  and  becoming  traJii- 
parent  and  colourless  immediately  before  fusion.     It  formi 
transparent  Uquid,  possessing  like  most  conilnistible  bodies^ 
high  refracting  power.     At  217**  it  begins  to  emit  a  sli^t 
pour,  and  boils  at  550%  being  converted  into  a  vapour  wl 
is  colourless,  ofsp.  gr.  4335,  according  to  the  experiment 
Dumas,  which  coincides  almost    with  the  theoretical  deni 
4827.    Its  combining  measure,  like  that  of  oxygen,  is  1  vol 
allowing  its  equivalent  to  be  392.     When  fused  and  left 
disturbed,  it  sometimes  remains  liquid  for  hours  at  the 
temperature,  particularly  when  covered  by  an  alkaline  liqi 
but  becomes  sohd  when  touched*    Thenard  has  observed  thai 
when  cooled  very  suddenly,  as  by  throwing  it  melted  into  ioe» 
cold  water^    t  becomes  absolutely  black.     Light  cauaes  it,  m 
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iD  drcuiDttuiees^  to  assume  a  red  tint ;  to  avoid  which  action 
pkosphoniB  is  usually  presenred  in  an  opaque  bottle.  From  its 
nlotion  in  hot  naphtha  it  may  be  obtained,  in  cooling,  in  le- 
gihr  dodekahedral  crystals.  It  is  quite  insoluble  in  water, 
hit  soluble  to  a  small  extent,  with  the  aid  of  heat,  in  fixed  and 
Toktile  oils,  in  sulphuret  of  carbon,  of  which  100  parts  dissolve 
SO  of  phosphorus,  in  chloride  of  sulphur,  sulphuret  of  phos- 
phonis,  and  ether. 

Ffaosphoms  undergoes  oxidation  in  the  open  air,  and  diffuses 
white  vapours,  which  have  a  peculiar  odour,  suggesting  to  some 
tibst  of  garlic,  and  are  luminous  in  tlie  dark ;  and  at  the  same 
time  the  phosphorus  becomes  covered  with  acid  drops,  which 
iriie  firom  the  phosphorous  acid,  produced  in  these  circum- 
itinces,  attracting  the  humidity  of  the  air.  This  slow  combus- 
tion is  attended  with  a  sensible  evolution  of  heat,  and  may 
tanninate  in  the  fusion  of  the  phosphorus,  and  its  inflammation 
villi  combustion  at  a  high  temperature.  There  is  a  necessity 
6r  caution,  therefore  in  handling  phosphorus,  a  bum  from  this 
body  in  a  state  of  ignition  being  in  general  exceedingly  severe. 
It  ii  preserved  under  the  surface  of  water.  Tlie  low  combustion 
of  phosphorus  has  been  particularly  studied.  It  is  not  ob- 
•erved  a  few  degrees  below  32%  but  is  sensible  at  that  tempe- 
ntare,  and  increases  perceptibly  a  few  degrees  above  it.  Tlie 
presence  of  certain  gaseous  substances,  even  in  minute  quan- 
tity, has  a  remarkable  effect  in  preventing  the  slow  combus- 
tion of  phosphorus ;  thus  at  66%  it  is  entirely  prevented  by 
tbe  presence. 

Volumes  of  Air. 

of  I  volume  of  olefiant  gas  in  .  .  .  450 
of  1  volume  of  vapour  of  sulphuric  ether  in.  150 
of  1  volume  of  vapour  of  naphtha  in.     .  1820 

of  1  volume  of  vapour  of  oil  of  turpentine  in.  4444 
vid  the  influence  of  these  gases  or  vapours  is  not  confined  to 
W  temperatures,  a  certain  admixture  of  all  of  them  defending 
phosphorus  from  oxidation  even  at  200®.  But  on  allowing  such 
^gaseous  mixture  to  expand,  by  diminishing  the  pressure  upon 
^toahalf  or  a  tenth,  the  phosphorus  becomes  luminous,  and 
fte  proportion  of  foreign  gas  required  to  prevent  the  slow  com- 
•wion  must  be  greatly  increased.  The  only  explanation  of 
Ws  phenomenon,  which  can  be  offered  at  present,  is  that  the 
giaes  which  exert  this  influence  have  an  attraction  for  oxygen, 
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and  there  is  reason  to  believe  are  themselTes  undergoing  a  dot 
oxidation  at  the  same  time.  Now  when  two  ozidaUe  bodia 
are  in  contact,  one  of  them  often  takes  precedence  in  cnmbimig 
with  oxygen,  to  the  entire  exclusion  of  the  other.  Potuifani 
is  defended  from  oxidation  in  air,  by  the  same  vapoan^  it 
though  to  a  less  d^ree.*  It  is  curious  that  in  pure  asjgm^ 
phosphorus  may  remain  without  oxidating  at  all,  at  tnopflm* 
tures  below  60®,  but  an  inconsiderable  rare&ction  of  the  gu^ 
from  diminution  of  the  pressure  upon  it,  will  cause  tike  pboi- 
phorus  to  burst  into  the  luminous  condition.  The  dilntionflf 
the  oxygen  with  nitrogen,  hydrogen  or  carbonic  add  produea 
the  same  effect.  When  gradually  heated  in  air,  phosphom 
generally  catches  fire,  and  begins  to  imdergo  the  high  oombM" 
tion,  before  its  temperature  has  risen  to  140^  of  this  high  oon- 
bustion,  the  sole  product  is  phosphoric  acid. 

Phosphorus  is  susceptible  of  four  different  degrees  of  mi^ 
tion,  the  highest  of  which  is  a  powerful  acid,  while  the  wai 
character  is  not  absent  even  in  the  lowest.  These  oompoondi 
are: 

Oxide  of  phosphorus.        .         .  2P-HO 
Hypophosphorous  acid.     .         .     P-fO 
Phosphorous  acid       .         .         .     P-fSO 
Phosphoric  acid.         .         .         .     P  +  50. 


OXIDE  OF  PHOSPHORUS. 
Eg,  884.56  or  70.88 ;  Pfi. 

When  burned  in  air  or  oxygen,  phosphorus  generally  leatc* 
behind  it  a  small  quantity  of  a  red  matter,  which  is  an  oxide  o* 
phosphorus.     The  same  compound  is  obtained,  in  larger  quai^' 
tity,  by  directing  a  stream  of  oxygen  gas,  upon  melted  pho** 
phorus,  under  hot  water,  and  was  found  by  Pelouze  to  cont^ 
3  equivalents  of  phosphorus  to  2  of  oxygen.f 

But  this  oxide  is  impure,  and  the  definite  oxide  appears  t^ 
have  been  first  obtained  by  Leverrier,  who  has  carefully  cx^ 
mined  it.:t     ^^^  process  is  to  expose  to  the  air  small  firagment^ 

*  Quarterly  Journal  of  Science,  N.S.  vol  ti.  p.  83. 
t  An.  de  Ch.  et  do  Ph.  t.  50,  p.  83. 
:  An.  de  Ch.  et  de  Ph.  t.  65,  p.  257. 
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phosphorus  covered  by  the  liquid  chloride  of  phosphorus 
'Cy,  in  an  open  bolt-head.  Phosphoric  acid  is  formed,  and 
I  a  yeUow  matter,  which  he  iinds  to  be  a  phosphate  of  the 
of  phosphorus,  and  which  gives  a  yellow  solution  with 
'Water.  Tliis  solution  is  decomposed  about  l/^*"?  and  a  floccu- 
lnDt  yellow  matter  subsides,  which  is  a  hydrate  of  the  oxide  of 
^ibo^honis,  nearly  insoluble  in  water.  This  compound  almn- 
^ons  its  combined  water,  when  dried  in  vacuo  over  sulphuric 
^uid,  or  when  cooled  below  32",  when  the  water  separates  as 
we,  and  oxide  of  phosphorus  remains  perfectly  pure. 

The  oxide  of  phosphorus  is  a  powder  of  a  canary  yellow  co- 
imsr,  denser  than  water,  and  soluble  neither  iti  water,  alcohol, 
«io?  ether.     It  may  be  kept  in  dry  air  without  change.     It  re- 
sists a  temperature  of  570*  without  decomposition,  but  assumes 
m  lively  red  colour ;    and  does  not  take  fire  in  air  till  heated  a 
ttde  above  the  boiling  point  of  mercury.    This  oxide  absorbs 
dry  ammoniacal  gas,  and  appears  to  form  feeble  combinations 
-with  the  fixed  alkalies.     Leverrier  assigns   to  its  hydrate  the 
wnpo&ition  P^O-f  2IIO,  and  to  its  phosphate,  2P^O-f  SPOs* 


HYPOPHO^PIJOROUS  ACID. 

Eq.  492.28  or  39.44  ;  PC  ;  not  uoiuble. 

This  acid  was  discovered  in  1816  by  Dulong*  It  was  oh- 
Uined  by  the  action  of  water  upon  the  phosphoret  of  barium, 
rfvliich  the  phosphorus  of  one  portion  oxidates  and  becomes 
the  add  in  question,  at  the  expense  of  the  water,  while  the 
pbosphorus  of  another  portion,  combining  with  the  hydrogen 
of  the  water,  produces  phosphurettcd  hydrogen  gas.  Rose  pre- 
ptres  the  same  hypophosphite  of  barytes,  by  boiling  phospho- 
naa  and  caustic  barjles  together,  till  all  the  phosphorus  disap- 
pears and  the  vapours  have  no  longer  the  smeU  of  garUc.t 
Tliis  solution  is  filtered,  and  to  separate  the  hyphosphorous 
licid  from  barytes,  diluted  sulphuric  acid  is  added  which 
[pitates  the  latter.  The  acid  remaining  in  solution  may  be 
ntrated  with  caution,  to  the  consistence  of  a  thick  syrup, 
affords  no  crystals.     More  strongly  heated,  this  hydrate  of 

•  An.  de  Oi.  et  de  Pb.  i.  2.  p.  HI. 

t  H.  Row,  wir  le*  Hy|>opboiphite«,  Aa.  dc  Ch.  ct  de  Vh.  t  38,  p.  258. 
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hypophosphorous   acid   undergoes  decomposition,  being 
verted  into  phosphoric  acid,  with  the  evolution  of  phosphiutttBd 
hydrogen  and  a  deposition  of  phosphorus  (Dulong). 

The  hypophosphites  are  all  soluble  in  water,  and  like  the  salli 
of  the  magnesian  family,  such  as  those  of  magnesia  and  ooU^ 
easily  crystallized.  The  dry  salts  are  permanent  in  the  air,  Ink 
their  solutions  evaporated  by  heat,  absorb  oxygen.  Thej 
tain  li  equivalents  of  water,  which  are  essential  to  their 
titution  (Rose). 

Considering  the  disposition  of  the  acids  of  phosphoms  to 
be  bibasic  and  tribasic,  it  is  not  impossible  that  the  red 
equivalent  of  this  acid  may  be  either  2P+20,  like  hyposolpiui- 
rousacid,  or  3P+30,  instead  of  PO.  The  subject  requira 
fartiier  investigation* 

PHOSPHOROUS  ACID. 
Eg.  692.28,  or  55.44;  PO3. 

Preparation. — ^This  acid  is  the  principal  product  of  the  dot 
combustion  of  phosphorus,  but  changes  after  its  formation  into 
phosphoric  acid,  from  the  absorption  of  oxygen.  It  may  be 
obtained  in  the  anhydrous  condition  by  burning  phosphoms 
with  imperfect  access  of  air.  Berzelius  recommends  for  tiiis 
operation  a  tube  of  glass,  about  10  inches  in  length  and  i  indi 
in  diameter,  which  is  nearly  closed  at  one  end,  an  opemng  no 
greater  than  a  large  pin  hole  being  left  there,  and  at  a  distance 
of  an  inch  from  this  extremity  the  tube  is  bent  at  an  obtuse 
angle.  A  small  fragment  of  phosphorus  is  introduced  into 
the  angle  of  the  tube,  and  heated  till  it  takes  fire.  It  burns 
with  a  pale  greenish  flame,  and  the  phosphorous  acid  produced 
is  carried  along  by  the  feeble  current  of  air,  and  condenses  in 
the  ascending  part  of  the  tube,  as  a  white  powder,  not  in  flje 
slightest  degree  crystalline,  ^fhe  i)hosphorus  must  not  be  so 
much  heated  as  to  cause  it  to  sublime  unchanged.  In  contiiA 
with  air,  phosphorous  acid  is  apt  to  inflame,  from  the  heat  oc- 
casioned by  the  condensation  of  moisture,  and  is  converted  into 
phosphoric  acid.  The  phosphorous  acid  itself  is  immediatdf 
soluble  in  water,  while  the  phosphoric  acid,  which  it  sometimes 
contains,  remains  for  a  short  time  undissolved,  in  the  form 
of  white  translucent  flocks. 

Hydrated  phosphorous  acid,  which  is   the  source  of  puie 
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pbofphuretted  hydrogen  gas,  canoot  be  obtained  without  some 

tnxible.     When  a  few  drops  of  water  are  thrown  on  the  chlo- 

lidc  of  phosphorus   (PC)3)  that  compound  evolves  hydrochloric 

Kid  gas,  and  gives  hydrated  phosphorous  acid.     But  it  is  more 

amreniently  obtained  by  the  method    of  Droquet*     Two  or 

Ikree  ounces  of  phosphorus  are    melted  in  a  cyhndrical  glass 

ftorhrer  or  sealed  tube,  of  8  or  10   inches  in  lengtli  and  nearly 

MB  inch  in  diameter,  and  the    tube  nearly  filled  with  water. 

This  tu1>e,  which  will  contain  a  column  of  fluid  phosphorus 

of  5  or  6  inches  in  height  is  then  properly  disposed  in  a  bason 

or  bolt-head  of  warm  water,  so  as  to  retain  the  phosphorus 

fluids     Chlorine  gas  is  conveyed  by  a  quill  tube,  from  the  flask 

in  which  it  is  generated,  to  the  bottom  of  the  fluid  phosphorus, 

where  combination  takes  place  with  ignition,  and  the  chloride 

of  phosphorus  is  formed.     This  cliloride  is  dissolved  by  the 

water  covering  the  phosphorus,  and  converted  into  hydrochloric 

add  and  phosphorous  acid.     '^The  chlorine  must  be  transmitted 

wtrj  slowly  through  the  phosphorus,  as  any  portion  of  that 

gu  which  reaches  the  water,  converts  the  phosphorous  into 

phosphoric  acid;    and  the  absorjition  of  the   chlorine  by  the 

]ili08phorus  is  most  complete,  when  it  is  free  from  any  other 

gis.    When  the  remaining  phosphorus  fijces,  upon  cooling,  the 

iod  fluid  may  be  poured  off,  and  concentrated  by  boiling,  till 

it  becomes  syrupy  and  the  volatile  hydrochloric  acid  is  entirely 

expelled.     Phosphuretted  hydrogen  may  also  be  obtained  from 

the  iodide  of  phosphorus^  which  is  more  easily  prepared. 

Pf^erties, — In  its  most  concentrated  state,  the  hydrate  of 

phoqihorous  acid  contains  three  equivalents  of  water^  its  for- 

':  being  3HO-fP03;    and  when  heated  it  is  resolved  into 

Aed  phosphoric  acid,    and  pure  phosphuretted  Tiydrogen 

pMf  which  is  not  spontaneously  inflammable.     The  solution  of 

pkoqihorous  acid  absorbs  oxygen  from  the  air,  slowly,  if  con- 

teiitratol,  but  quickly  when  dilute.     Like  sulphurous  acid,  it 

ojtygen  from  the  salts  of  mercury  and  the  less  oxidable 

nirt*U,  and  precipitates  the  latter,  particularly  when  aided  by 

kest.     It  is  one  of  the  feeblest  acids  known* 

PhQtphites, — The  class  of  phosphites,  which  has  been  exa« 
mified  is  certainly  tribasic,  that  is,  they  contain  3  atoms  of  base 
to  I  of  phosphorous  acid.  The  hydrated  acid  is  the  tribasic 
llnsphite  of  water.  All  our  information  respecting  them  is 
ooal^ed  in  tlie  papers  of  Berzelius.^ 

•  Aq.  a«  CK  ttdc  Pb.  t.  2,  |»p.  ISl,  2U,  32U  i  mod  10,  p.  278. 
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PHOSPHORIC  ACID. 

Eq.  892.28,  or  71.44;  PO5;  forms  three  kydraies  and  ihm 
classes  0/ salts  : 
Monobasic  phosphate  of  water j  or  metaphosphate 

of  water  .  .  .       HO+PH 

Bibasic  phosphate  of  water,  or  pyrophosphate  qf 

water.  .....     2H0+PC^ 

Tribasic  phosphate  of  water ,  or  phosphate  of  water     SHO +POI 

Preparation. — ^To  obtain  this  acid  in  a  state  of  pnritj,  (h 
most  convenient  process  is  to  set  fire  to  about  a  dradHn  d 
phosphorus  upon  a  little  metallic  capsule,  placed  in  the  ceiiM 
of  a  large  stone-ware  plate,  and  immediately  cover  it  by  a  dij 
bell  jar  of  the  largest  size.  The  phosphorus  is  converted  ink 
white  flakes  of  phosphoric  acid  which  are  retained,  with  vei] 
little  loss,  within  the  bell-jar,  and  fall  upon  the  plate  like  snow 
The  dry  phosphoric  acid  is  distinguished  by  the  same  shade  €i 
white,  absence  of  crystallization,  and  perfect  opadty,  as  toK 
carbonic  acid.  Exposed  for  a  few  minutes  to  the  air,  it  iA 
quesces ;  and  when  the  solid  acid  is  collected  in  a  wine-glass,  am 
a  few  drops  of  water  are  thrown  upon  it,  it  is  converted  into  1 
hydrate  with  explosive  ebullition,  from  the  heat  evolved,  lb 
anhydrous  acid  is  perfectly  fixed,  unless  in  the  presence  0 
aqueous  vapour,  when  it  sublimes  away,  probably  in  the  sM 
of  a  hydrate. 

Phosphorus  may  likewise  be  oxidated  by  means  of  nitrii 
acid.  In  this  operation,  the  fuming  nitric  acid  should  bi 
diluted  with  an  equal  bulk  of  water,  to  avoid  accidents  from  th 
violent  action  of  the  acid,  which  may  cause  the  phosphorus  to 
be  projected  in  a  state  of  ignition ;  the  diluted  acid  is  boiW 
upon  the  phosphorus,  and  being  afterwards  evaporated  to  dry- 
ness, it  yields  a  hydrated  phosphoric  acid. 

Phosphoric  acid  is  also  obtained  in  large  quantity  firom  ori- 
cined  bones,  which  arc  reduced  to  a  fine  powder  and  miso' 
with  4-5ths  of  their  weight  of  oil  of  vitriol,  previously  dihtB^ 
with  4  or  5  times  its  bulk  of  water,  as  in  the  preparatioo  d 
phosphorus  (page  339).  Carbonate  of  ammonia  is  tiien  added 
to  the  filtered  solution  of  phosphoric  acid  and  the  resultini 
phosphate  of  ammonia  being  evaporated  to  dryness  and  hxsid 
to  low  redness  in  a  platinum  crucible,  a  hydrated  phosphoric 
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dd  remains,  in  a  fused  state,  which  is  known  as  glacial  phos- 
iuHEic  add,  £rom  its  resemblance  to  ice. 

To  exhibit  many  of  its  properties  phosphoric  acid  must  be 
nt  dissolved  in  water,  when  the  compound  will  be  found  to  be 
wked  by  an  inconstancy  and  variableness  in  its  characters, 
Mtt  unusual  in  a  strong  acid.  This  arises  from  the  circum- 
teoe  that  it  is  not  actual  phosphoric  acid  which  dissolves  in 
Iter,  any  more  than  it  is  true  sulphuric  acid,  which  dissolves 
I  water,  when  oil  of  vitriol  is  added  to  that  fluid.  It  is  a  hydrate 
Pboth  adds,  which  is  soluble ;  the  phosphate  of  water  in  the 
le  case  and  the  sulphate  of  water  in  the  other.  Bat  the  phoa- 
borie  add  difTers  from  the  sulphuric,  in  a  singular  and  almost 
nliar  capadty  to  form  three  different  salts  of  water,  instead 
ffloe  only;  and  these  three  phosphates  of  water  are  all  soluble 
iftoat  change,  and  exhibit  properties  so  different  that  they 
if^t  be  supposed  to  contain  three  different  adds.  When  the 
J  add  firom  the  combustion  of  phosphorus  is  thrown  into 
rter,  it  produces  a  mixture,  in  variable  proportions,  of  the 
ne  hydrates ;  but  each  of  them  may  be  had  separately  and 
I  a  state  of  purity  by  a  particular  process. 

IMj^drate,  or  tribanc  phosphate  of  watery  3HO  -f-POg.—The 
lOimon  i^iosphateof  soda  of  pharmacymay  be  had  recourse  to  for 
I  the  hydrates  of  phosphoric  add ;  but  it  shoidd  be  first  dissolved 
id  erystallized  anew  to  purify  it.  To  a  warm  solution  of  the 
Bre  phosphate  of  soda  in  a  Inuion,  add  a  solution  of  acetate  of 
ad  in  distilled  water,  so  long  as  it  occasions  a  predpitate  ;  the 
boqphate  of  soda  requires  rather  more  than  an  equal  weight  of 
BsMe  of  lead.  The  dense  insoluble  phosphate  of  lead,  which 
ncqiitates,  is  washed,  and  being  afterwards  suspended  in  cold 
nter,  is  decomposed  by  a  stream  of  sulphuretted  hydrogen  gas 
Bat  through  it.  The  liquor  may  then  be  warmed,  to  expel  the 
xeeis  of  sulphuretted  hydrogen,  and  filtered  from  the  black 
B^phoret  of  lead  :  it  is  very  sour,  and  contains  the  terhydrate 
f  pkosphoric  acid.  The  characters  of  thin  add  solution  are,  to 
its  a  yellow  precipitate  with  nitrate  of  silver,  to  yield  the 
nuDon  phosphate  of  soda  when  neutralized  with  carbonate  of 
)ds,  to  form  salts  which  have  invariably  3  atoms  of  base  to  1 
PplioaplKiric  add,  and  to  be  unalterable  by  boiling  its  solution 
r  keeping  it  for  any  length  of  time.  The  class  of  salts  which 
OS  hydrate  forms  are  the  old  phosphates,  which  have  been 
ng  kno¥m,  and  it  is  convenient  to  allow  them  to  be  particu- 
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larly  distinguished  as  the  phosphates   or  the  coinroon 
phates. 

DeuiO'hydrafe   of  phosj)horic   acidf  or   bibasic  phosyhat 
water,  2HO  +  PO5* — Dr.  Clark  first  discovered  that  whenj 
phosphate  of  soda  is  heated  to  redness,  it  is  completely  el 
and  after  being  dissolved  in  water  affords  crystals  of  a  new 
wnich    he  named  the  pyrophosphate    of  soda,  an  observt 
which  led  to  the  most  important  results,*     If  a  solution  of 
salt,  which  it  is  not  necessary  to  crystallize,  be  precipital 
acetate  of  lead,  the  insoluble  salt  of  lead  washed  and  A 
posed  by  sulphuretted  hydrogen,  as  before,  an  acid  liqui 
obtained  which  [contains  the  deuto-hydrate  of  phosphoric 
It  must  not  be  warmed  to  expel  the   excess   of  sulph> 
hydrogen,  but  be  left  in  a  shallow  basoii  for  24  hours  to 
the  escape  of  that  gas.     This  acid,  w*hen  neutralized  with 
bonate  of  soda,  gives  Dr.  Clark*a  pyrophosphate  of  soda^l 
also  gives  a   white  precipitate  with    nitrate  of  silver  >    8 
salts  w^hich  it  forms,  have  uniformly  two  atoms  of  base, 
trivial  name  is  the  pt/rophosphat€9,  and  since  that  term  has 
into  general  use,  it  is  not  likely  to  be  superseded  by  the  s] 
matic,  but  rather  cumbrous   designation  of  bibasic  phospl 
A  dilute  solution  of  the  deuto-hydrate  of  phosphoric  acid 
be  preserved  for  many  months  without  change,  but  wh< 
solution  is  exposed  for  some  time  to  a  high  tcmperat 
passes  entirely  into  the  terhydrate. 

Protokydraie  of  phosphoric  acid. — If  the  biphosphate  of; 
be  heated  to  redness,  a  salt  is  formed,  which  treated  in  a 
manner  with  the  last,  gives  an  acid  hquor,  containing  the 
tohydrate  of   phosphoric   acid.      To  prepare  the   bipb 
itself,  a  solution  of  the   terhydrate  of  phosphoric  acid  is 
to  a  solution  of  common  phosphate  of  soda,  till  it  is  found 
a  drop  of  the  latter  is  no  longer  precipitated  by  chlori 
barium.     The  biphosphate   of  soda,  which  is  now  in  soh 
can  only  be  crystallized  in  cold  weather.     The  glacial 
phoric  acid  also,  is  in  general  almost  entirely  tlie  protohy 

This  hydrate  is  characterized   by  producing  a  white  prcd[  

in  solution  of  albumen,  and  in  solutions  of  the  salts  of  carfl* 
and  metfiilic  oxides  precipitates  which  are  remarkable  semiftil 

•  Edinburgh  Journftl  of  Sciencct  vol,  VH  p«  290^  (1S26)  i  or  Aji.  de  Ck*etd«F^ 
U  41.  p,  276. 
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f  or  soft  soEdsy  without  crystallication.  All  these  salts 
I  only  one  atom  of  base  to  one  of  add,  like  the  proto- 
e  of  the  acid  itself.  The  trivial  name  meiapAosphaies 
tplifid  to  the  class  by  myself,  to  mark  the  cause  of  the 
on  of  pecoliar  properties  by  their  acid,  when  free  and  in 

0,  namely  that  it  was  not  then  simply  phosphoric  add, 
iioqphoric  add  together  with  water.*  Tliis  is  the  least 
rfthe  hydrates  of  phosphoric  add  being  converted  rapidly, 

eboIHtion  of  its  solution,  into  the  terhydrate.  If  the 
meUgi^koiphorieacid  and  pyrophoiphorie  acid  are  employed 
it  ia  to  be  remembered  that  they  are  applicable  to  the 
md  deutohydrates,  and  not  to  the  add  itself,  which  is  the 
n  all  the  hydrates.  But  to  prevent  the  chance  of  mis- 
ftion^metaphosphate  of  water  and  pyrophosphate  of  water 
be  substituted  for  these  terms. 

>hition  of  the  terhydrate  of  phosphoric  add,  evaporated 
lo  over  sulphuric  add,  crystallizes  in  thin  plates,  which 
tremely  deliquescent.  When  heated  to  400%  that  hydrate 
k  portion  of  water,  and  becomes  a  mixture  of  the  deuto 
otdhydrates ;  and  by  heating  it  to  redness  for  some  time, 
^portion  of  water  may  be  reduced  to  one  equivalent,  or 
»even  less  than  this.  But  at  that  high  temperature  much 
hydrated  phosphoric  add  passes  off  in  viq)our.  The  so- 
of  phosphoric  add  is  not  poisonous,  nor  when  ooncen- 
does  it  act  as  a  cautery,  but  it  injures  the  teeth  from  its 
ty  of  dissolving  phosphate  of  lime.  A  solution  of  the 
lalt  in  phosphoric  acid  has  been  prescribed  in  rickets,  a 
B  which  indicates  a  deficiency  of  earthy  phosphates  in  the 

1.  The  phosphate  of  soda  also  is  administered  as  a  mild 
at;  its  taste  is  saline,  but  not  disagreeably  bitter. 
itpAo/et. — ^The  formation  of  three  dasses  of  phosphates 
lihe  three  basic  hydrates  of  phosphoric  add,  affords  an 
s&t  illustration  of  the  formation  of  compounds  by  sub- 
cm.  The  quantity  of  fixed  base,  such  as  soda,  with  which 
boric  add  combines  in  the  humid  way,  being  entirely 
bed  by  the  proportion  of  water  previously  in  union  with 
id,  which  is  simply  replaced  by  the  fixed  base.    Thus,  the 

mrdm  oo  tbe  anenimtes,  phosphates  and  modifications  of  phosphoric 
fl.  Trms.  1833,  p.  253  }  or  PhU.  Mag.  3rd  series,  toL  4,  p.  401. 
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protohydrate  of  phosphoric  acid  combines  with  no  more 
one,  and  the  deutohydrate  with  no  more  than  two  proportioi^ 
of  soda,  although  three  or  a  larger  number  of  proportaooMd 
alkali  be  added  to  it.  The  excess  of  alkali  remains  free.  ^W^ 
supposing  an  equivalent  quantity  of  the  terhydratc  of  phcm 
phoric  acid  in  solution,  and  one  equivalent  of  soda  added  to  i^, 
one  equivalent  only  of  water  is  displaced,  and  two  retained,  mjj 
a  phosphate  formed,  containing  one  of  soda  and  two  of  t 
as  bases,  which  is  the  salt  already  adverted  to  under  its  • 
name  of  biphosphat^  of  soda.  Let  a  second  equivalent  of  t 
be  added  to  this  salt,  and  a  second  basic  atom  of  water  is  i 
placed,  and  a  tribasic  salt  produced,  containing  two  of  soda  | 
one  of  water  as  Wses,  which  is  the  common  phosphate  of  i 
of  pharmacy.  A  third  equivalent  of  soda  added  to  the  last  I 
displaces  the  remaining  atom  of  basic  water,  and  a  trib 
phosphate  is  formed,  of  which  the  whole  three  atoms  of! 
are  soda,  and  which  has  had  the  name  of  subphospliate  of  i 
But  this  last  salt  can  unite  with  no  more  soda* 
same  three  salts  may  be  formed  by  means  of  the  trill 
phosphate  of  water,  iu  another  manner.  That  acid  hyd 
decomposes  chloride  of  sodium,  but  only  to  a  certain 
expelling  hydrochloric  acid,  so  as  to  acquire  one  of  soda, 
becoming  2I10,  NaO  +  POj,  or  the  biphosphate  of  sodsj 
plying  the  old  trivial  terms) ;  tlie  same  acid  hydrate  appli© 
the  carbonate  or  the  acetate  of  soda,  can  assume  two 
tions  of  soda,  displacing  twice  as  much  of  the  weaker 
and  acetic  acids,  as  of  the  liydrochloric  acid,  and  so  1 
HO,  2NaO  +  PO^,  or  the  common  phosphate  of  soda; 
same  acid  hydrate  applied  to  the  hydrate  of  soda  (caustic  i 
assumes  three  of  soda,  and  becomes  3  NaO  -f  PO5,  or  tbt  1 
phosphate  of  soda. 

From  soluble  tribasic  phosphates,  such  as  those  mentici 
insoluble  salts  may  be  precipitated,  which  arc  likewise  tfil 
by  adding  solutions  of  most  metallic  salts*     Thus  1  eqii 
of  the  common  phosphate  of  soda,  added  to  the  nitrate  of  i 
in   excess,   decomposes  3  equivalents  of  it,  and  prodiiiCtt 
yellow  tribasic  phosphate  of  silver,  as  explained  in  tlw 
diagram,  in  which  the  name  of  a  substance  is  understood 
express  one  equivalent  of  it^  and  tlie  Agures,  numbers  of  i 
valents ;— 
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loda 

J  Xitmte 
sflrer 


99ft  ofiPODipOfi  CiOQ  • 

L     Phosplioric 

/-  r  2  Nitric  acid  . 

J     Nitric  acid  • 

1^ 


acid 


3  Oxide    of    silver 


After  dfcompoaiiion, 
2  nitrate  of  soda 
nitrate  of  water 


Phosphate  of  silver 
(Tribasic  phosph.  silv.) 

Here,  then,  is  exact  mutual  decomposition,  but  it  is  attended 
tith  «  phenomenon  which  does  not  occur  when  other  neutral 
iiltf  decompose  each  other.  The  liquid  does  not  remain 
aeiitraly  but  becomes  highly  acid  after  precipitation  ;  the  reason 
i%  that  one  of  the  new  products  is  the  nitrate  of  water,  or 
^finHed  nitric  acid ;  and  consequently  the  products,  although 
nnitiid  in  composition,  are  not  neutral  to  test  paper. 

The  pyrophosphate  of  soda,  which  is  bibasic,  decomposes,  on 
Ike  other  hand,  two  proportions  of  nitrate  of  silver,  and  gives  a 

phosphate  or  bibasic  phospliate   of    ilver,  which  is  a  white 

pitate;  thus^ 

deoompoiitioQ. 

ihosphate  f  2  Soda 

sodji  \     Phosphoric  acid^ 

itrate   of   f  2  Nitric  acid  .  . 


{I 


2  Oxide  of  silv^ 


After  decoropoBltion. 
2  nitrate  of  soda 


Pyrophos,  of  silv. 
(Bibasic  phos.  sih) 

Here  there  is  no  salt  of  water,  among  the  products,  and  conse- 
Hpidy  the  liquid  is  neutral  after  precipitation. 
^The  mctaphosphatc  of  soda,  which  is  monobasic,  like  the 

^Jpliatcs,  nitrates  and  other  familiar  salts,  decomposes^  like 
I  4em,  but  one  proportion  of  nitrate  of  silver,  and  forms  a  white 
[  pncipitftie;  thus — 

Bf^deoampoiilion.  After  decompoNUion. 

Met^osph.  r  Soda  .  •  .  ,  .  ,_ Nitrate  of  soda 

P'    da        IPhosp 
of     r  Nitric  1 
r  \  Oxide  of  silver  """"v^Metaphosphate  of  silv, 

(Monobasic  phos.  silv.) 

If  acetate  or  nitrate  of  lead  be  substituted  for  nitrate  of  silver 
ktliflee  decompositions,  a  tribasic,  bibasic  or  monobasic  salt  of 

IT 


^     .     •     .     ,     .     , ] 

aphoric  acid~~^^^^ 

ic  acid  .  .  "^^^^^^^^^^ 
le  of  silver  ^""v^I 
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decomposed  by  sulphuretted  hydrogen,  afford  respectivdy 
terhydrate,  deutobydrate  and  protohydrate  of  phosphoric  t 
The  statement  of  the  decomposition  of  the  metaphosphatf 
lead    by    sulphuretted    liydrogen,    will    be    sufficient  to 
plain  how  a  hydrate  of  phosphoric  acid  comes  to  be  for 
all  these  cases  : — 


Before  decomposltioci. 

of  lead       l^eaT".  ;;: 

Sulphuretted  J  Hydrogen   ,  . 
hydrogen    \  Sulphur    .  .  . 


After  d«com position. 

Aletaphosph.  of  waU 
(Protohydr,  of  phos. 

Sulphuret  of  leadi 


It  will  be  observed  that  the  sulphuretted  hydrogen  forms 
equivalent  of  water,  at  the  same  time  that  it  throws  down  ik 
sulphuret  of  lead  ;  in  this  phosphate  of  lead,  tliere  is  only  oi 
equivalent  of  oxide  of  lead,  and  consequently  only  one  eqtq' 
lent  of  water  formed,  but  if  there  were  two  or  three  equi 
of  oxide,  there  would  be  two  or  three   equivalents   of 
formed ;  or  the  phosphoric  acid  is  always  left  in  combii 
with  as  many  proportions  of  water  as  it  pre\Hously  po^ 
of  oxide  of  lead.      Thus  the  different  hydrates  of  photjpiiMit 
acid  are  obtained,  from  the  decomposition  of  the  ooJTCspondii? 
phosphates  of  lead. 

In  no  decomposition  of  this  kind,  is  there  any  transition  froia 
one  class  of  phosphates  into  another,  because  the  decompo* 
sitions  are  always  mutual,  and  the  products  of  a  neutral  cbartc^ 
ter.  Hence  an  argument  for  retaining  the  trivial  names,  commoo 
phosphates,  pyrophosphates  and  metaphosphates,  for  there  ii 
no  changing,  in  decompositions  by  the  humid  way,  from  one  tt 
the  other,  and  the  salts  comport  themselves  so  far  quite  ta  if 
they  had  different  acids.  The  circumstances  may  now  bt 
noticed,  in  which  a  transition  from  the  one  class  to  the  otitf 
does  occur : 

Ist.^ — Changes  without  the  inten^ention  of  a  high 
tare.   When  solutions  of  the  metaphosphate  and  pyrupl 
of  water  are  warmed,  they  pass  gradually  into  the  state  of 
mon   phosphate,   combining   with   an   additional    quantity 
water ;  and  the  metaphosphate  of  water  appears  then  to 
at  once    common    phosphate,  without   passing    through   ^ 
intermediate  state  of  hydration  of  the  pyrophosphate* 


pHosmoRrc  acid. 


ass 


Mipbosphate  of  barytes  also,  which  is  an  insoluble  salt,  is 
iriduaDj  dissolved,  when  boiled  in  water,  and  becomes  com- 
pbo^phate.  The  easy  transition  from  the  one  class  of 
to  the  other,  then  witnessed,  forbids  the  supposi- 
that  tFiey  contain  different  acids.  It  is  remarkable  that  we 
ly  have  pyrophosphates  of  potash  and  of  ammonia  in  solution, 
perfectly  stable,  but  not  in  the  dry  state.  These  salts  do 
crystallize.  The  pyrophosphate  of  ammonia,  indeed,  when 
to  evaporate  spontaneously,  appears  to  crystallize,  but 
Bi  the  act  of  becoming  solid,  it  passes  into  common  phosphate 
(the  biphosphate  of  ammonia,  2HO,  NH^O  +  PO^),  which  is  the 
«Jt  that  forms  crystals, 

2nd. — Changes  with  the  intervention  of  a  high  temperature* 
If  a  single  equivalent  of  phosphoric  acid,  anhydrous,  or  in  any 
titate  of  hydration,  be  calcined,  at  a  temperature  which  may  fall 
tKttle  short  of  a  red  heat,  (T)  with  a  single  equivalent  of  sada 
<»r  its  carbonate,  the   metaphosphate  of  soda  will  be  formed ; 
{'Jfj  with  two  equivalents  of  soda  or  its  carbonate,  the  pyrophos- 
phate of  soda  will  be  formed ;  and  (3*)  with  three  equivalents  of 
lodiar  its  carbonate,  a  common  phosphate  of  soda  will  be  formed. 
!,  the  formation  of  none  of  these  classes  is  peculiarly  the 
of  a  high  temperature.     Again,  a  tribasic  phosphate,  con- 
[g  one  or  two  equivalents  of  a  volatile  base,  such  as  water 
ammonia,    loses    the    volatile    base,    when     ignited,    and 
icid  remains  in  combination  with  the  fixed  base.    Hence, 
itoon  phosphate  of  soda  (HO,  2NaO  +  PO^)  is  converted  by 
into  pyrophosphate  (2NaO  +  PO5,)  the  original  obser\^ation 
rf  Dr.  Clark  ;  and  the  biphosphate  of  soda  (2 HO,  NaO  +  POJ 
Brto  metaphosphate  of  soda  (NaO+POJ,     The  acid  remains 
k  Qombination  vnth  the  fixed  base  left  with  it,  and  the  salt 
pndticed   may  be  dissolved  in  water  without  assuming  basic 
nfcer. 

The  metaphosphate  of  soda  is  susceptible  of  a  remarkable 
conversion,  by  the  agency  of  a  certain  temperature,  and  exhibits 
lehange  of  nature,  without  a  change  of  composition,  such  as 
<^  occurs  in  organic  compounds,  but  rarely  admits  of  so 
■tii&clory  an  explanation.  This  particular  salt,  in  common 
rtk  all  the  other  phosphates,  combines  with  water,  which  be- 
90mm  attached  to  the  salt,  in  the  state  of  constitutional  water, 
or  water  of  crystallization.  The  metaphosphate  of  soda,  so 
pdmtcd,  when  dried  at  212°,  retains  one  equivalent  of  water, 
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1. — Hydrated  metaphosphate  of  soda   .    NaU,  PO51 
2. — Pyrophosphate  of  soda  and  water   .    NaO,  HO  -I 

In  describing  the  three  classes  of  phosphates^  willi  tii 
tions  to  each  other^  I  have  been  thus  mintite,  partly 
considerable  explanatory  detail  was  required,  from  iiie  e 
the  subject,  but  principally  that  we  might  avail  oorw 
the  light  which  the  phosphates  have  thrown  upon  the  o 
tion  of  the  class  of  organic  acids,  and  upon  the  function  < 
in  many  compounds.  Indeed,  phosphoric  add  is  on 
links  by  which  mineral  and  organic  compounds  are  001 
And  it  may  be  reasonably  supposed  that  it  is  that  pi 
constitution,  which  we  have  studied,  that  peculiarly 
this,  above  all  other  mineral  acids,  to  the  wants  of  the 
economy. 

SECTION   X. 

CHLORINE. 

Eg.  442.65  or  35.47  ;  CI ;  denriiy  2440;  fTI* 

This  body  was  discovered  by  Scheele  in  177^^  but  wasi 
to  be  of  a  compound  nature,  till  Gray-Lussac  and  The 
1809,  shewed  that  it  might  reasonably  be  considered  a 
substance.  It  is  to  the  powerful  advocacy  of  Davy,  h 
who  entered  upon  the  investigation  shortly  afterwards,  1 
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efiog  dementvy  bodies,  haTe  little  or  no  action  upon  each 
fter,  or  npon  die  mass  of  hydrogenous,  carbonaceous  and 
MlsDieboAes  to  ifhich  they  are  exposed  in  the  material  world ; 
ItheserBubstanoes  being  too  similar  in  nature,  to  have  much 
bntj  for  each  other.  But  the  class  to  which  chlorine  belongs, 
lib  apart^  and^  with  a  mutual  indifference  to  each  other, 
Wf  exhibit  an  intense  affinity  for  the  members  of  the  other 
nt  snd  prevailing  class,  an  affinity  so  general  as  to  giye  the 
dnrine  fiunily  the  character  of  extraordinary  chemical  activity, 
id  to  preclude  the  possibility  of  any  member  of  the  class  ex- 
ting  in  a  firee  and  uncombined  state  in  nature.  The  com- 
nads  again  of  the  chlorine  class,  with  the  exception  of  those 
f  fnoiine,  are  remarkable  for  solubility,  and  consequently  find 
phoe  among  the  saline  constituents  of  sea  water,  and  are  of 
onpsrativeiy  rare  occurrence  in  the  mineral  kingdom ;  with 
b  single  exception  of  chloride  of  sodium,  which  besides  being 
meat  in  large  quantity  in  sea  water,  forms  extensive  beds  of 
A  nit  in  certain  geological  formations. 
Pnjparatum. — The  fuming  hydrochloric  acid  or  muriatic  acid 
nit  is  also  called)  of  commerce,  is  a  solution  in  water  of 
ijdnxdiloric  gas,  a  compound  of  chlorine  and  hydrogen,  from 
riuch  chlorine  gas  is  easily  procured.  The  liberation  of  chlorine 
units  firom  contact  of  the  acid  named  with  peroxide  of 
manganese,  and  the  reaction  which  then  occurs  is  made  most 
lilmous  in  the  following  mode  of  conducting  the  experiment, 
i^few  ounces  of  the  strongly  fuming  hydrochloric  acid,  are  intro- 
duced into  a  flask  a,  with  a  perforated  cork  and  tube  &,  upon 
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which  a  bulb  or  two  have  been  expanded;  and  that  tuk  it 
connected  by  means  of  a  short  caoutchouc  tube  or  adopt&rj  -wiki 
the  tube  c,  containing  fragments  of  chloride  of  caknum,  i4 
the  last  is  connected  in  a  similar  manner  with  the  eidt  tnbt^ 
which  descends  to  the  bottom  of  a  dry  and  empty  botde  ii 
Upon  applying  the  spirit  lamp,  burning  with  a  small  flame  to  % 
the  liquid  in  the  flask  soon  b^ins  to  boil^  and  the  hydroddodi 
gas  passes  ofi*,  depositing  perhaps  a  little  moisture  in  the  bd^ 
of  bj  which  may  be  kept  cool  by  wet  blotting  paper^  and  bdl|j 
completely  dried  in  passing  through  c.  It  is  conTeyed  bf  4 
to  the  bottom  of  the  bottle  e^  and  finally  escapes  and  produ 
white  fumes  in  the  atmosphere,  after  displacing  the  air  oftbi 
bottle.  The  hydrochloric  gas  is  obtained  in  e  unchanged,  andwl 
redden  and  not  bleach  a  little  blue  infusion  of  litmus  poured  uilo& 
But  between  the  tube  c  and  dy  let  another  tube  be  now  Lnterpoied 
having  a  pair  of  bulbs  blown  upon  it/*  and  g,  (Fig,  39)  ooecf 


which  y  contains  a  quantity  of  pounded  anhydrous  peroxide  flf 
manganese ;  the  bottle  e  remsdning  as  before.  Then  upon  apply- 
ing heat  to  the  manganese  bulb  /y  the  hydrochloric  gaa  iriH  b* 
found  to  suffer  decomposition  as  it  traverses  that  bulb,  its  hj- 
drogen  uniting  with  the  oxygen  of  the  manganese  and  fbrmiDK 
water,  which  will  condense  in  drops  in  ^,  which  may  be  bp' 
cool,  and  disengaged  chlorine  proceeds  on  to  ^,  in  which  tM 
gas  will  be  perceptible  from  its  yellow  tint,  and  more  so  by 
bleaching  the  infusion  of  reddened  litmus  remaining  in  e.  V 
the  transmission  of  hydrochloric  acid  over  the  peroxide  of  m**" 
ganese  be  continued  for  sufficient  time,  the   latter  loses  all  1^9 
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and  the  metal  remains  in  the  state  of  protocliloride. 
Indeed  only  one  half  of  the  chlorine  of  the  decomposed  bydro- 
eUoric  gas,  is  obtained  as  gas^  the  other  half  being  retained  by 
tfie  manganese,  as  \^'ill  appear  by  the  following  diagram  : 

Process  for  chlorine  from  hydroclUoric  acid  and  peroxide  of 
manganese. 


t  deconipontioTi. 
^Hydrochloric 
add 

Peroxide  of  man* 
ganese 

Hydrochloric 
add 


{Chlorine. 
Hydrogen 
'  Oxygen. 
Manganese. 
Oxygen.    , 
Chlorine.  , 
Hydrogen 


After  derompoiUion. 

Chlorine. 
Water. 

Chloride  of  manganese 


ater. 


Or  in  symbols ;  MnO^-f  2HC1  ^  MnCl  and  2HO  and  CI 

The  most  convenient  method  of  preparing  chlorine  gas  is  by 
iiig  in  a  flask  2  ounces  of  peroxide  of  manganese,  with  6 
measures  of  hydrochloric  acid,  diluted  with  an  ounce  or 
WQ  of  water  to  prevent  it  fuming,  Effer\^escence,  from  escape 
I  of  gas,  takes  place  in  the  cold,  but  is  greatly  promoted  by  the 
jipplication  of  a  gentle  heat*  This  gas  is  collected  over  water,  of 
'  *tiich  the  temperature  should  not  be  less  thai»  OO**,  otherwise  a 
pM  waste  of  the  gas  occurs  from  its  solution  in  the  water,  and 
llio  a  consequent  annoyance  to  the  operator  from  the  escape  of 
the  chlorine  into  the  atmosphere,  by  evaporation  from  the  sur- 
iet  of  the  water  trough •  If  the  gas  is  not  to  be  used  imme- 
diately, but  preserved,  it  should  be  collected  in  bottles,  into 
*hich  when  6 lied  with  the  gas,  their  stoppers  greased,  should 
be  ioserted  before  they  are  removed  from  the  trough.  Before 
tlie  gag  obtained  by  this  process  can  be  considered  as  pure,  it 
•hould  always  be  transmitted  through  water,  to  remove  hydro- 
chloric add ;  an  intermediate  Wo¥e's  bottle  containhig  water 
Buy  be  employed  to  wash  the  gas,  as  was  done  with  sulphurous 
lot  If  the  gas  is  to  be  dried^  it  must  be  sent  through  a  tube 
containing  chloride  of  calcium,  of  two  or  three  feet  in  length, 
gnal  difficulty  being  experienced  in  drying  this  gas  in  a  perfect 
ntimer,  owing  to  its  low  diffusive  power :  it  is  three  times  more 
Affieutt  to  dry  than  carbonic  acid.  Cldorine  cannot  be  collected 
Ofir  mercury,  as  it  combines  at  once  with  that  metal. 
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Fig.  40. 


A  somewhat  different  process  for  the  preparation  of 
is  generally  followed  on  the  large  scale.  About  6  parts 
ganese  with  8  of  common  salt  are  introduced  into  a  lai| 
vessel,  of  a  form  nearly  globularj  as  represented  in  tU 
and  5  or  G  feet  in  diameter,  and  to  these  are  added  as 
the  unconcentrated  sulphuric  acid  of  the  leaden  chang 
is  equivalent  to  1 3  parts  of  oil  of  vitriol.     Tlie  leaden 

placed  in  an  iron  pan,  or  bal 
easing  d  e^  as  represented 
figure,  and  to  heat  the  i| 
steam  is  admitted  by  d  into  I 
between  the  bottom  and  outi 
In  the  figure,  which  is  a  9 
the  leaden  retort,  a  repreal 
tube  by  which  the  chlorine 
b  a  large  opening  for  intl 
the  solid  material  covered  by 

water  valve,  from  the  edgei 

into  a  channel  containing  water^  c  a  twisted  leaden  p 
introducing  the  acidj  /  a  wooden  agitator,  and  e  ^  i 
tube,  by  which  the  waste  materials  are  run  off  after  th| 
is  finished.  A  retort  of  lead  cannot  be  used  with  sa^ 
peroxide  of  manganese  and  hydrochloric  acid  for  I 
owing  to  the  action  of  the  acid  upon  the  lead,  and  the  ^ 
of  hydrogen  gas,  which  produces  a  spontaneously  4 
mixture  with  chlorine.  A  material  for  the  vessel,  whiil 
be  substituted  for  glass,  is  still  a  desideratum  in  that' 
Vessels  of  silver  are  acted  upon,  the  chloride  of  silver  a| 
not  to  be  absolutely  insoluble  in  hydrochloric  acid- 
reaction  which  occurs  in  the  leaden  retort,  it  may  be  si 
either  that  hydrochloric  acid  is  first  liberated  from  chl 
sodium  by  sulphuric  acid,  and  afterwards  decomposed 
oxide  of  manganese,  as  in  the  preceding  experiment!' 
sulphates  of  manganese  and  soda  are  simultaneously ' 
and  chlorine  liberated  in  consequence,  as  stated  in  the  I 
diagram^  in  which  the  names  express  (as  usual)  sina 
lents  : 

Process  for  chlorine  from  chloride  of  sodium  {coi 
peroxide  of  manganese  and  sulphuric  acid  ; 


n|k 
m3 
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Mrv  dseooipcMtltioii. 

I  CWoridc  of      f  Chlorine,  .... 

sodium  I  Sodium. 

Solphuric  add- •Sulphuric  acid. 
Peroxide  of      /  Oxygen* 


AHer  decomposition. 
^  Vhlonne. 

>  Sulphate  of  soda 


I—  ° 

t 


manganese     IProtox.    manga,.. 
IpLuric  add.. Sulphuric  acid.  .. 


*Sulp,  of  manga. 


in  aymbols; 

NaQ  and  2SO3  and  MnO^  =  NaO,  SO3  and  MnO^SO^  and  CI. 

^^  Properties, — ^^Chlorine  is  a  dense  gas  of  a  pale  yellow  colour^ 

^MTing  a  peculiar  suffocating  udour^  absolutely  intolerable  even 

when  largely  diluted  with  air,  and    occasioning  ^eat  irritation 

tthe  trachea,  with  coughing,  and  oppression  of  the  chest, 
me  reUef  from  these  effects  is  experienced  from  the  inhalation 
the  vapour  of  ether  or  alcohoL  The  density  of  chlorine  gas 
by  experiment  2170,  by  theory  2440.  Under  a  pressure  of 
about  4  atmospheres,  chlorine  condenses  into  a  limpid  hqnid  of 
a  bright  yellow  colour,  of  a  sp.  gr.  about  1 .33,  and  which  has 
not  been  frozen.  Water  at  €&'  dissolves  twice  its  volume  of 
this  gaSj  and  acquires  the  yellowish  colour,  odour  and  other 
.  properties  of  chlorine.  To  form  chlorine  water,  a  stout  bottle 
\  filed  with  the  gas  at  the  tepid  water  trough,  may  be  closed  with 
I  good  cork  and  removed  to  a  bason  of  cold  water ;  on  loosening 
tke  cork  with  the  head  of  the  bottle  under  water,  a  little  water 
till  eater  it,  from  the  contraction  of  the  gas  by  cooling ;  and 
this  water  may  be  agitated  in  contact  with  the  gas,  by  a  lateral 
ftorement  of  the  bottle,  without  removing  it  from  the  water ; 
00  loosening  the  cork  again  more  water  will  be  found  to  enter 
the  bottle^  and  by  repeating  the  agitation  and  admission  of 
nter,  the  whole  gas  (if  pure)  is  absorbed,  and  the  bottle  is  in 
the  end  filled  wnth  water,  which  of  course  contains  an  equal 
e  of  chlorine  gas.  With  water  near  its  freezing  point, 
e  combines  and  forms  a  crystalline  hydrate,  which  Fara- 
id  to  contain  10  atoms  of  water.  Hence,  chlorine  gas 
be  collected  at  all  over  water,  below  40*^.  Exposed  to 
chlorine  water  soon  loses  its  properties,  w^ater  being  de- 
and  hydrochloric  acid  formed,  with  the  evolution  of 
oxygen  gas.  But  it  may  be  preserved  for  a  long  time  in  a  stone- 
boUk.     When  diluted  so  far  that  the  water  does  not  con- 
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tain  above  1  or  li  per  cent  of  its  bulk  of  cUorine,  the  odour  j 
by  no  means  strong,  and  such  a  solution  may  be  employed  I 
bleaching,  without  inconvenience  to   the  workmen,  although 
combination  of  chlorine  with  hydrate  of  lime,  called  the  chl< 
of  lime,  is  generally  preferred  for  that  purpose. 

Chlorine  does  not  in  any  circumstances  unite  direxitly 
oxygen,  although  several  compounds  of  these  elements  can  I 
formed ;  nor  does  it  combine  directly  with  nitrogen  or  carb 
Chlorine  and  hydrogen  gases  may  be  mixed  and  preserved  i|j 
the  dark  without  uniting,  but  combination  is  determined  ^ 
explosion  by  spongy  platinum  or  the  electric  sparky  or  by  i 
sure  to  the  direct  rays  of  the  sun ;  even  under  tlie  difiufle  1 
of  day,  combination  of  the  gases  takes  place  rapidly,  but 
out  explosion.     Chlorine  indeed  has  a  strong  affinity  for  hyd 
gen,    and  decomposes  most  bodies  containing   that  elen 
hydrochloric  acid  being  always  formed.     In  plunging  an 
taper  into  chlorine  gas,  its   flame  is  extinguished,  but  the  < 
lumn  of  oily  vapour  rising  from  the  wick  is  rekindled  by  t 
chlorine,  and  the   hydrogenous  part  of  the  combustible 
tinues  to  bum  with  a  red  and  smoky  flame,  which  expires  ( 
removing  the  taper  into   air.     Paper  dipt  in  oil  of  turpend^ 
takes  fire  spontaneously  in  this  gas,  and  the  oil  burns  with  tllP 
deposition  of  a  large  quantity  of  carbon.     The  affinity  of  ch 
rine  for  most  metals  is  equally  great:  antimony,  arsenic 
several  others,  showered  in  powder  into  this  gas,  take  fixe  i 
produce  a  brilliant  combustion.  Chlorine  is  absorbed  by  i 
and  many  other  organic  substances,  when  it  generally  eUn 
more  or  less  hydrogen,  as  hydrochloric  acid,  and  enters  al^o  1 
substitution  into  the  original  compound,  in  the  place  of 
hydrogen,   thus    producing   many   new   compoundS|   such 
chloral  from   alcohoL       It  bleaches  all  vegetable  and 
colouring  matters,  and  is  believed  tlxen  to  act  in  that 
Tlie  colours  are  destroyed  and  cannot  be  revived  by  any  I 
ment. 

Chlorine  when  free   is   easily  recognized  by   its  odour  lad 
bleaching  power,  and  in  the  soluble  chlorides,    by  prudud 
with  nitrate  of  silver,  a  white  curdy  precipitate  of  chtoridd 
silver,  which  is  soluble  in  ammonia,  but  not  soluble  in  coU^ 
boiling  nitric  acid. 

C^e*-— Chemistry  has  presented  to  tlie  arts  few  substancei  <i^ 
which  the  applications  are  more  valuable.    Chlorine  is  the  dit* 
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coburing  agent  of  the  modem  process  of  bleaching,  which  as  it 
is  generally  oondacted  with  cotton  goods,  consists  of  the  fol- 
ifuwing  operatioDS.  Tlie  cloth,  after  being  well  washed,  is 
boded  first  in  lime-water  and  then  in  caustic  soda,  which  remove 
fcotn  it  certain  resinous  matters  soluble  in  alkali.  It  is  then 
ftceped  in  a  solution  of  chloride  of  lime,  so  dilute  as  just  to 
iHte  distinctly^  which  has  little  or  no  perceptible  effect  in  whiten- 
ing it ;  but  the  cloth  is  aften^^ards  thrown  into  water  acidulated 
with  sulphuric  acid,  of  sp,  gr,  between  1,010  and  1.020,  when 
minute  disengagement  of  chlorine  takes  place  throughout  the 
Substance  of  the  cloth,  and  it  immediately  assumes  a  bleached 
aji|»^:arance.  The  cloth  is  boiled  a  second  time  with  caustic 
•  ill,  and  digested  again  in  dilute  chloride  of  lime,  and  in  dilute 
iul^jh uric  acid  as  before.  The  acid  favours  the  bleaching  action, 
tnd  is  required  besides  to  remove  the  caustic  alkali,  a  portion  of 
adheres  pertinaciously  to  the  cloth.  The  fibre  of  the 
is  not  injured  by  dilute  sulphuric  acid,  although  digested 
it  for  days,  provided  the  cloth  is  not  allowed  to  dry  with  the 
ity  or  left  above  the  surface  of  the  liquor.  But  it  is 
naceasfury  to  wash  well  after  the  last  sottring^  to  get  rid  of 
ercry  trace  of  acid,  with  which  view  the  cloth  may  be  passed 
rough  warm  water,  as  a  precautionary  measure  to  finish 
itii. 

When  employed  for  the  purpose  of  disinfecting  the  wards  of 
itals,  chlorine  is  most  conveniently  e%'olved  from  chloride 
of  lime,  of  which  a  pound  may  be  mixed  with  water  in  a  hand- 
b«Km,  and  a  pound  measure  of  hydrochloric  acid  poured  upon 
The  gas  is  evolved  from  these  materials  without  heat. 
Chlorides. — Chlorine  combines  with  all  the  metals  and  in  the 
wxiie  proportions  as  oxygen.  With  the  exception  of  the  chlo- 
lides  of  silver  and  lead,  and  subchlorides  of  copper  and  mercury, 
ibeM  compounds  are  soluble  and  sapid,  and  they  possess  in  an 
eminent  degree  the  saline  character.  Indeed  common  salt,  the 
diloride  of  sodium,  has  given  its  name  to  the  class  of  salts,  and 
tUortoe  i«  the  type  of  salt-radicak  or  hahf/enous  (salt-producing) 
bodies.  Chlorides  of  metals  belonging  to  different  classes  often 
combtoe  together  and  form  double  chlorides ;  the  chlorides  of 
tbe  potassium  family,  in  particular,  with  some  chlorides  of  tlie 
intgnesiari  family,  as  with  chloride  of  copper,  with  chloride  of 
Bwmry,  with  both  the  chlorides  of  tin,  and  with  perchlorides 
gBneciUf  •    A  chloride  and  oxide  of  the   same  metal  (excepting 
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the  potaBsium  family)  often  combine  together,  forming 
rides,  which  are  in  general  of  slight  solubility. 

Chlorine  is  also  absorbed  by  alkaline  solutions,  and  coml 
tions  are  formed  which  bleach  and  exhibit  many  of  the  p^op«^ 
ties  of  the  free  element.  Tlie  state  of  the  chlorine  in  ihoc 
compounds  and  idso  in  dry  chloride  of  lime,  formed  by  exposinff 
hydrate  of  lime  to  chlorine  gas,  is  still  matter  of  uncertadatf. 
But  they  are  not  permanent  compounds,  and  the  chlorine  efea- 
tually  acts  upon  the  metallic  oxide,  so  as  to  produce  a  chloride 
a  chlorate  of  the  metal  as  will  be  afterwurds  explained, 

Tlie  following  chlorides  of  the  non-metaUic  elements  wiU  not 
be  particularly  described : 


Hydrochloric  acid.     • 

Ilypochlorus  acid. 
Peroxide  of  chlorine. 
Chloric  acid* 
Hy perchloric  acid. 
Chloride  of  nitrogen. 
Perchloride  of  carbon. 


.HCl 
.  CI  O 
.CIO4 
.CIO5 
.CIO- 

.NC13 


Protochloride  of  carbon.  C4  CI4 


Subchloride  of  carbon,  C^  \ 
Chlorocarbonic  acid.  ♦  CO^^ 
Chloride  of  boron.      .  B  Clj" 
Chloride  of  silicon .     *  Si  CL 
Chloride  of  sulphur.   .  S,  CI 
Bichloride  of  sulphur.  ST 
Terchh  of  phosphorus.  P( 
Perchl.  of  phosphorus.  P( 


HYDROCHLORIC  ACID. 


Syn,  CHLORHYDHic  ACID  {Thertardjy  muriatic  acid. 
455.1s  orS6A7i  CIH;  defisii^  1269.5;  111 


This  acid  is  one  of  the  most  frequently  employed  reagentti 
fliemical  operations,  and  has  long  been  known  mider  the  1 
t)f  spirit  of  salt^  marine  acid^  and  muriatic  acid  (from  muria%i 
salt).     It  was  first  obtained  by  Priestley  in  its  pure  form  of* 
gas,  in  1772. 

Preparation, — Hydrochloric  acid  is  always  obtained  by 
action  of  oil  of  vitriol  upon  common  salt.  When  the  pr 
is  conducted  on  a  small  scale  and  in  a  glass  returt,  equal  1 
of  common  salt,  oil  of  vitriol  and  water  may  be  taken, 
of  vitriol  being  mixed  with  J -3rd  of  the  water  in  a  thin  1 
and  cooled,  is  poured  upon  the  salt  contained  in  a  capa 
retort.  A  clean  flask  containing  the  remaining  2-3rd8  of  tk 
water  is  then  adapted  to  the  retort  as  a  condenser,  as  in  the  ili*- 
tillatory  apparatus  figured  at  page  59,     Upon  appl)ing 
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'  retort,  hydrochloric  acid  gas  comes  off  and  is  condensed  in 
receiver,  affording  an  aqueous  solution  uf  the  acid,  of  sp, 
IJ70^  and  which  contains  about  37  per  cent  of  dry  acid; 
» a  mixture  of  sulphate  and  bisulphate  of  soda  remains  in  the 
ort*  Supposing  single  equivalents  of  oil  of  vitriol  and  chlo- 
ride of  sodium  to  be  employed,  to  which  tlie  preceding  propor- 
6aDM  approximate,  then  the  rationale  of  the  action  is  as  fol- 
lom: 


Process  for  hydrochloric  acid : 
Btfore  deco^potitioD. 

7^3  Chloride  of  f  Chlorine.     ,  442 

»TOdium      I  Sodium,       .  291 
[  Hydrogen.  .     I2J 
6l3i  Oil  of  vitr,^  Oxygen.    .  .  100 
L  Sulphu.  acid  501 


After  dccDnipositiuD. 

454^  hydroc,  acid 


892  suJph.of  soda 


iimi 


i346i 
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Or  in  symbols ;  NaCl  and  HO^SOg  ^  HCl  and  NaO^SOa. 

This  process  is  more  economically  conducted  on  the  large 

■^icile  in  a  cast  iron  cylinder,  about   5    feet   in  length   and  2i 

in  diameter,  laid  upon  its  side,  which  has  moveable  ends,  gene- 

iiUy  composed  of  a  thin  paving  stone  cut  into  a  circular  disc 

Ltnd  divided   into  two  unequal  segments.     A  charge  of  three  or 

bur  cwt.  of  salt  is  introduced  into  the  retort,  and  after  the  hot* 

\is  heated,  undiluted  oil  of  vitriol  is  added  in  a  gradual  man- 

'hy  means  of  a  long  funnel,  and  in  proportion  not  exceeding 

the  equivalent  for  the  chloride  of  sodium.  In  such  circumstances, 

1  lower  part  of  the  cylinder  exposed  to  the  sulphuric  acid  is 

much  acted  upon,  while  the  roof  of  the  cyhnder  is  pro- 

1  from  the  hydrochloric  acid  fumes  by  a  coaling  of  fire-clay 

rtfain  split  bricks.     The  hydrochloric  acid  gas  is  conducted  by 

kitrong  glass  tube  into  a  series  of  large  jars  of  salt-glaze  ware, 

ed  with  each  other  like  Wolfe's  bottles,  and  containing 

itater  in  which  the  acid  condenses. 

Properties, — Hydrochloric  acid  is  obtained  in  the  state  of  gas 

r  boiling  an  ounce  or  two  of  tlie  fuming  aqueous  solution,  in  a 

.  retort,  or  by  j>ouring  oil  of  vitriol   upon  a  small  quantity 

r nit  in  a  retort^  and  is  collected  over  uiercury      It  is  an  in- 

\  gWy  of  a  pungent  acid  odour,  and  produces  white  fume 
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when  allowed  to  escape,  by  condensing  the  moisture  in  thi 
By  a  pressure  of  40  atmospheres  at  50*  it  is  condensed  ii 
liquid,  ofsp.  gr.  1.27.  It  is  quite  irrespirable  but  mudi 
irritating  than  chlorine ;  it  is  not  decomposed  by  heat  i 
nor  when  heated  in  contact  with  charcoaL  Hydrochloric 
extinguishes  combustion,  and  is  not  made  to  unite  with  o: 
by  heat ;  but  when  electric  sparks  are  passed  through  a  mi 
of  this  gas  and  oxygen,  decomposition  takes  place  to  a 
extent,  water  being  formed  and  chlorine  liberated.  It  is 
posed  by  volume,  of  one  combining  measure  or  2*  toI 
of  each  of  its  constituents,  united  without  condensation 
that  its  combining  measure  is  4  volumes,  and  its  theoi 
density  1269.5.  It  may  be  formed  directly  by  the  union 
elements. 

K  a  few  drops  of  water  or  a  fragment  of  ice  be  throi 
into  a  jar  of  hydrochloric  acid  over  mercury,  the  gas  is 
pletely  absorbed  in  a  few  seconds ;  or  if  a  stout  bottle 
with  this  gas  be  closed  with  the  thumb  and  opened  under  i 
an  instantaneous  condensation  of  the  gas  takes  place, 
rushing  into  the  bottle  as  into  a  vacuum.  Dr.  Thomson 
that  1  cubic  inch  of  water  absorbs  418  cubic  inches  of  § 
69%  and  becomes  1.34  cubic  inch.  He  has  construct 
following  table,  from  experiment,  of  the  specific  gravity  < 
droehloric  acid  of  determinate  strengths  * 

HYDROCHLORIC  ACID. 


Atoms  of  Water 

Real  Acid  in  100 

Speciac 

Atoms  of 

Water  to  I 

of  Acid. 

Real  Acid  in  100 

Si 

to  I  of  Acid. 

of  the  liquid. 

Gravity. 

oftheUqold. 

oi 

6 

40.66 

1.203 

14 

22.700 

1. 

7 

37.00 

1.179 

15 

21.512 

1, 

8 

33.95 

1.162 

16 

20  442 

\ , 

9 

31.35 

1  149 

17 

19.474 

1, 

10 

29.13 

1.139 

18 

18.590 

\, 

11 

27.21 

1.1285 

19 

17.790 

1: 

12 

25.52 

1.1197 

20 

17.051 

1, 

13 

24.03 

1.1127 

To  this  may  be  added  the  following  useful  table,  for 
we  are  indebted  to  Mr.  E.  Davy : — 
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K^perifie 

QwAtiiffy  of  A*rid 

Sjjecific 

Quail  II  ty  of  Add 

C^tmritf,            ! 

pcrcvni. 

Qntitj. 

percent. 

L21 

42.43 

1. 10 

20.20 

ISO 

40,80 

1.09 

IS  18 

1.19 

38.38 

1.08 

16.16 

u« 

36.36 

1.07 

14.14 

1.17 

34.34 

1-06 

12,12 

Lie 

32.33 

1,05 

loao           . 

LIS 

30,30 

1,04 

8.08               1 

1.14 

28.38 

1,03 

6.00 

1J3 

26.26 

1,02 

4.04 

Mf 

24,24 

1,01 

2,02 

lit 

22,22 

It  thus  appears  that  the  strongest  hydrochloric  acid  tliat  can 

be  easily  formed  contains  six  atoms  of  water ;   this  liquid  allows 

eod  to  escape  when  evaporated  in  air^  and  comes  according  to 

an  obsenration  of  my  own,  to  contain  1 2  atoms  of  water  to  I 

of  add.     Distilled  in  a  retort,  it  was  found,  by   Dr.  Dalton,  to 

loie  oiore  acid  than  water  tiU  it  attained   tlie  specitic  gravity 

\M4,  when  its  boiling  point  attained  a  maximum  230*,  and  the 

then  distilled  over  unchanged.     Dr.  Clark  finds  by  careful 

^Uperinients  that  the  acid  which  is  unalterable  by  distillationj 

omtafais  16.4  equi^^alents  of  water. 

The  concentrated  add  is  a  colourless  liquid,  fuming  strongly 

i  iir,  highly  acid,  but  less  corrosive  than  sulphuric  acid  ;    not 

ipoiMmoos  when  diluted.  It  is  decomposed  by  substances  which 

yield  oxygen  readily^  such  as  metallic  peroxides  and  nitric  acid, 

which  cause  an  evolution  of  chlorine,  by  oxidating  the  hydrogen 

rf  the  hydrochloric  acid.     A  mixture  of  I  measure  of  nitric 

md  2  measures  of  muriatic  acid  forms  aqtm  regia^  which  dis- 

lolvcs  the  less  oxidable  metals,  such  as    gold  and  platinum, 

ttsmigh  the  agency  of  the  disengaged  chloritie. 

Hie  hydrochloric  acid  of  commerce  has  a  yellow  or  straw 
colour,  which  is  generally  due  to  a  little  iron,  but  may  be  oc- 
casionally produced  by  organic  matter,  as  it  is  sometimes  des- 
tmyed  by  light.  This  acid  is  rarely  free  from  sulphuric  acid, 
the  presence  of  which  is  detected  by  the  appearance  of  a  white 
prmpitate  of  sulphate  of  bar)^tes,  on  the  addition  of  chloride 
of  iMaiam  to  the  hydrochloric  acid  diluted  with  4  or  5  times  its 
lutt  of  distilled  water-     Sulphurous  acid  is  also  occasionally 

Ipmmt  in  commercial  hydrochloric  acid,  and  is  indic^^ted  by 
tbeiddition  of  a  few  crystals  of  protochioride  of  tin,  which  salt 
^ i 
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decomposes  sulphurous  acid  and  occasionfi,  after  standing  i 
time,  a  brown  precipitate  containing  sulphur  in  combinatiij 
with  tin  (Girardin.)     To  purify  hydrochloric  acid,  it  should  f 
diluted  till  its  sp,  gr,  is  about  I.),  for  w^hich  the  strongest 
requires  an  equal   volume  of  water  ;    and  with  the  addition  of  a 
portion  of  chloride  of  barium,  the  acid  should  then  be  redistiUe 
As  the  acid  brings  over  enough  of  water  to  condense  it,  Licb^ 
condensing  apparatus  {page  60)  can  be  used  in  this  distillatia 
The  pure  acid  thus  obtained  is  strong  enough  for  almost  i 
purpose,  and  has  the  advantage  of  not  fuming  in  the  air. 
drochloric  acid,  like  chlorine  and  the  soluble  chlorides,  gi^ 
with  nitrate  of  silver  a  white  curdy  precipitate,  the  chloride  i 
silver,  soluble  in  ammonia,  but  not  dissolved  by  hot  or 
nitric  acid. 

Hydrochloric  acid  belongs  to  the  class  of  hydrogen  acids,  or 
hydracids,  which  do  not  exist  in  salts.  On  neutralizing  this 
acid  with  soda  or  any  other  basic  oxide,  no  hydrochh^n  *-  * 
soda  is  formed,  but  the  hydrogen  of  the  acid  with  the  ^ 
of  the  soda  forming  water,  the  chlorine  and  sodium  combine  and 
produce  a  metallic  chloride.  Zinc  and  the  other  metals  which 
dissolve  in  dilute  sulphuric  acid,  with  evolution  of  hydrogeSi 
dissolve  with  equal  facility  in  this  acid,  with  the  same  evolutiJ"" 
of  hydrogen,  and  a  chloride  of  the  metal  is  formed. 


COMPOUNDS  OF  CHLORINE  AND  OXYGEN, 

Chlorine  and  oxygen  gases  exhibit  no  disposition  to  combil 
with  each  other  in  any  circumstances,  but  this  is  not 
sistent  with  their  forming  a  series  of  compounds,  as  nit 
and  oxygen,  which  exhibit  a  similar  indifference  to  each 
also  do.     The  oxides  of  chlorine  are  four  in  number,  and 
bear  acid  appellations,  namely  : 


Hypocblorous  acid. 
Chlorous  acid. 
Chloric  acid. 
Hyper  chloric  acid. 


CIO 
CIO, 
CIO, 
CIO, 


Hypocblorous  and  chloric  acids  are  always  primarily  for 
by  a  reaction  occurring  between  chlorine  and  two  diffei 
classes  of  metallic  oxides ;  and  the  chlorous  and  hyperchlt 
acida  again  are  derived  from  the  decomposition  of  chloric 
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EfpoehbromM  add, — The  discovery  of  this  compound  was 

made  by  M*  Balard  in  1834.*     It  is  formed  by  the  action  of 

diloriiie  upon  the  red  oxide  of  mercury.     If  to  a  two-pound 

bottle  of  chlorine  gas,  6  drachms  of  red  oxide  of  mercury  in  fine 

powder  be  added,  with  li  ounce  of  water,  the  chlorine  will  be  found 

^mhe  rapidly  absorbed  on  agitation.  One  portion  of  the  chlorine 

^Htes  with  the  oxygen  of  the  metallic  oxide,  and  becomes  by- 

Hbhioi^us  acid,  which  is  dissolved  by  the  water,  while  another 

^Mion  forms  a  chloride  with  the   metal,  which  chloride  unites 

with  a  portion  of  undecomposed  oxide,  and  forms  an  insola!)le 

oxichloride.  The  liquid  may  be  poured  off  and  allowed  to  settle  ; 

it  b  a  solution  of  hypochlorous  acid,  with  generally  a  little 

cUoride  of  mercury*    This  reaction  is  expressed  in  the  foUow- 

iDgcfiagram  i^ 


lb. 


FORMATION  OF  HYPOCHLOROUS  ACID. 


Chlorine  •  .  .  .  Chlorine  . 

Chlorine  ...  *  Chlorine  . 
Oiide  of  Merc.     Oxide  of  Merc- 


After  dccomi>ositioti. 
.  Hypochlorous  acid 

^Chloride    of  Merc, 
_Oxide  of  Mercury 


Or  m  sjTnbob ;  2  CI  and  2  HgO  =  CIO  and  HgCl,  HgO.  But 
the  oxichloride  formed,  seems  not  always  to  contain  the  same 
proportion  of  oxide.  The  proportion  of  hypochlorous  acid  in 
the  liquid  may  be  increased,  by  introducing  the  same  solution 
iato  a  second  bottle  of  chlorine,  with  an  additional  quantity  of 
red  oxide  of  mercury  The  oxide  of  zinc  and  black  oxide  of 
copper,  diffused  through  water,  and  exposed  to  chlorine,  give 
file  to  a  similar  formation  of  hypochlorous  acid. 

The  pure  hypochlorous  acid  is  a  gas,  which  Balard  succeeded 
m  disengaging  by  passing  up  fragments  of  nitrate  of  lime  into 
tlic  liquid  acid  above  mercury,  in  a  jar  of  the  mercurial  trough. 
By  dissolving  in  the  water,  that  salt  causes  the  evolution  of  the 
ps,  which  collects  in  the  upper  part  of  the  jar,  and  is  defended 
ftoni  contact  with  the  mercuj-y,  which  absorbs  it,  by  the  inter- 
^tbn  of  the  saline  solution. 


el  de  Ph*  t  57,  p   225,  or  Taylor*!  Scientific  Metnoirs, 
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The  gas  is  of  a  pale  yellow  colour,  rery  similar  to  chlorio 
It  is  composed  of  2  volumes  of  chlorine  and  1  volume  of  or 
gen,  condensed  into  2  volumes,  and  is  resolved  by  a  sU 
elevation  of  temperature  into  its  constituent  gases.     This  i 
composition  is  attended  with  an  explosion  of  such  violencei 
to  project  the  jar  from  the  trough,  but  not  to  break  it  to  pic 
and  may  occur  on  transferring  the  gas  from  one  jar  into  anotl 
Water  dissolves  about  100  volumes  of  this  gas. 

The  original  solution  of  h)"pochlorous  acid  may  be  dist 
but  much  of  the  acid  is  decomposed  unless  the  operation  I 
conducted  in  vacuo.     It  is  then  obtained  as  a  transparent  liqfli 
of  a  slightly  yellow  colour.      It  displaces  the  carbonic  arid 
alkaline  carbonates,  but  has  not  much  analogy  to  other  j 
Its  taste  is  extremely  strong  and  acrid,  but  not  sour,  and 
odour  penetrating  and  different  from,  although  somewhat  sin 
to  chlorine.     It  attacks  the  epidermis  like  nitric  acid,  and  is  i 
ceedingly  corrosive.     It  bleaches  instantly,  like  chlorine,  anil 
a  powerful  oxidizing  agent.      When  concentrated  it  is  < 
ingly  unstable,   small  bubbles   of  chlorine   gas  being  sponta- 
neously evolved  and  chloric  acid  formed.      This  decomposition 
is  promoted  by  the  presence  of  angular  bodies,  such  as  pounded 
glass,  and  also  by  heat  and  light» 

Of  the  elementary  bodies,  hydrogen  has  no  action  upon  hypo* 
chlorous  acid.  Sulphur,  selenium,  phosphorus  and  arsenic 
act  upon  it  \iith  great  energy,  and  are  all  of  them  raised  to  their 
highest  degree  of  oxidation,  with  the  evolution  of  chlorine  -^^ 
selenium  even  being  converted  into  selenic  acid,  althou^ 
only  converted  into  selenious  acid  by  the  action  of  nitric  aad» 
Iodine  is  also  converted  into  iodic  acid.  Iron  filings  deooo* 
pose  it  immediately  and  chlorine  comes  off.  Copper  and 
mercury  combine  with  both  elements  of  the  add  and  form 
oxichlorides.  Many  other  metals  are  not  acted  upon  by  it? 
unless  another  acid  be  present,  such  as  zinc,  tin,  antimony  wd 
lead.  Silver  has  a  diiferent  action  upon  hypochlorous  voi 
from  that  of  most  bodies,  combiniiig  with  its  chlorine  and  cauf* 
ing  an  evolution  of  oxygen  gas.  Hydrochloric  and  hypochlorotu 
acids  mutually  decompose  each  other,  water  being  formed,  ^ 
chlorine  liberated  ;  the  presence  of  soluble  chlorides  is 
incompatil)le  with  the  existence  of  hypocldorous  acid. 

Hypochlorites, — ^The    direct    combination    of    hypochV 
acid  with  powerful  bases  is  accompanied  by  heat,  which  t»  i 
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lo  convert  the  hjrpochlorite  into  a  mixture  of  chlorate  and 
cUoride ;  but  by  adding  the  acid  in  a  gradual  manner  to  the 
alkaline  solution,  hj^pochlorites  of  potash,  soda,  lime,  barytes 
and  strontian  may  be  formed^  and  may  cv^en  be  obtained  in  a  solid 
state  by  evaporation  in  vacuo,  if  a  considerable  excess  of  alkali  be 
flffisent,  which  appears  to  g^ve  a  certain  degree  of  stability  to 
^pM  s>alts.  They  bleach  powerfully,  and  their  odour  and  colour 
«e  idcntic^y  the  same  as  the  corresponding  decolorizing  com- 
noonds  of  chlorine,  from  which  it  is  impossible  to  distinguish 
Hm  by  their  physical  properties.  They  are  salts  of  a  very 
Kngeable  constitution;  a  alight  increase  of  temperature,  the 
Bluence  of  solar  light,  even  of  diffused  light,  converts  them  into 
dilorides  and  chlorates.  It  is  the  opinion  of  M,  Balard  that  bleach- 
M  powder,  formed  by  exposing  hydrate  of  lime  to  clilorine,  is  a 
Ivture  of  hypochlorite  of  lime  and  chloride  of  calcium  ;  but  to 
flus  subject  I  shall  again  return  under  the  salts  of  lime. 

be  eucklanne  gas  of  Davy,  to  which  he  assigned  the  compo- 
Dn  of  hypochlorous  acid,  has  been  found  to  be  a  mixture  of 
:ie  and  chlorous  acid  gases.  That  mixture  is  obtained  by  the 
I  of  hydrochloric  acid  of  sp*  gr,  Ul  upon  chlorate  of  potash, 
aided  by  a  gentle  heat.   It  has  a  very  yellow  colour  (euchlorine), 
Bi  explodes  feebly  when  a  hot  wire  is  introduced  into  it,  becom- 
Wt  nearly  colourless^  when  the  chlorous  acid  is  decomposed. 
^Chloric  acid,  CI  O5. — When  a  stream  of  chlorine  gas  is  trans- 
mitted throtigh  a  strong  solution  of  caustic  potash,  the  gas  is 
ibiorbed,  and  a  solution  is  formed   which  bleaches  at  first,  but 
looses  that  property  without  any  escape  of  gas,  and  becomes  a 
■ixture  of  chloride  of  potassium  and  chlorate  of  potash,  the 
ktter  of  which,  being  the  least  soluble,  separates  in  shining 
libatar  crystals.     Five  equivalents  of  potash  (the  oxide  of  po- 
tttsiiun)  are  decomposed  by  6  of  chlorine,  5  of  which  unite  with 
yfe  potassium  and  form  5  equivalents  of  chloride  of  potassium, 
Bile  the  5  of  oxygen  form  chloric  acid  with  the  remaining 
BfUTalent  of  chloriiie,  as  stated  in  the  following  diagram  ;— 


ACTION  OF  CHLORINE  UPON  POTASH. 


V 


_  Idori  dcocNDpoeitioo. 

CKbrine  -  5  Chlorine  . 
,        f  5  Potassium- 
,ruash  .  1 5  Oxygen... 
K    Chlorine   *  .  Chlorine 
■    Potash  .  .  *  Potash*. 


After  dccompoBilLon. 

-5  Chloride  of  potassium. 


-Chloric  acid 

-Potasli 


1  Chlorate  of 
f      potash. 
o  0 
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Or  in  symbols  :  6  CI  and  6  KO  =  EO,  QOg  and  5EC1.  Sndi 
is  the  nature  of  the  action  of  chlorine  upon  the  solable  ind 
highly  alkaline  metallic  oxides. 

The  chlorate  of  barytes  may  be  formed  by  transunttiqK 
chlorine  through  caustic  barytes  in  the  same  manner;  ttid 
from  a  solution  of  the  pure  chlorate  of  barytes,  cblmieaal 
may  be  obtained  by  the  cautious  addition  of  sulphuric  &ad»  lo 
long  as  it  occasions  a  precipitate  of  sulphate  of  barytes.  Tb 
solution  may  be  evaporated  by  a  very  gentle  heat  till  it  beoonM 
a  syrupy  liquid,  which  has  no  odour,  but  a  very  add  tastes 
decomposed  above  100®,  and  when  distilled  at  a  still  hig^ 
temperature  gives  water,  then  a  mixture  of  chlorine  and  oxjgBi 
gases,  and  hyperchloric  acid,  which  may  be  prepared  H 
this  way  without  difficulty.  Chloric  like  nitric  acid,  is  not 
isolable,  being  incapable  of  existing,  except  in  combination  iritk 
water  or  a  fixed  base.  This  acid  first  reddens  litmus  paper,  but 
after  a  time  the  colour  is  bleached,  and  if  the  acid  has  bees 
highly  concentrated,  the  paper  often  takes  fire.  It  dissobei 
zinc  and  iron  with  disengagement  of  hydrogen.  Chloric  addii 
decomposed  by  hydrochloric  acid,  with  escape  of  chlorine,  and bf 
most  combustible  bodies  and  acids  of  the  lower  degrees  of  oxidt- 
tion,  such  as  sulphurous  and  phosphorous  acids,  which  oxidate 
themselves  at  its  expense. 

This  acid  when  free,  or  in  combination,  may  be  recognixedbf 
several  properties.  It  is  not  precipitated  by  chloride  of  bariiBB 
or  nitrate  of  silver,  and  has  no  bleaching  power ;  sulphuric  adil 
causes  the  disengagement  from  it  of  a  yellow  gas,  having  » 
peculiar  odour,  which  bleaches  strongly  ;  and  its  salts  wh» 
heated  to  redness  afford  oxygen,  and  deflagrate  with  comb»' 
tibles. 

Chlorates,' — This  class  of  salts  is  remarkable  for  a  gencnl 
solubility,  like  the  nitrates.  Those  of  them  which  are  fiuibb 
detonate  with  extreme  violence  with  combustibles.  The  cfaloiate 
of  potash,  of  which  the  preparation  and  properties  will  be  de- 
scribed under  the  salts  of  potash,  has  become  a  familiar  dieatt- 
cal  product,  being  largely  consumed  in  the  manufacture  of  defli^ 
grating  mixtures.  The  chlorates  were  at  one  time  tennel 
hyperoxymuriates^  and  their  acid,  the  existence  of  wludi  wH 
originally  observed  by  Mr.  Chenevix,  was  first  obtained  in  » 
separate  state  by  Gay-Lussac. 

Hyperchloric  acid,  CI  O7. — ^Tliis   acid,  which  is  also  offlrf 
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c»ric  and  oxichloric  acid,  is  obtained  from  chlorate  of 
potash  in  different  ways.  At  that  particular  point  of  the  decom- 
position of  chlorate  of  potash  by  heat,  when  the  evolution  of 
oiygen  is  about  to  become  very  violent,  the  fiised  salt  is  in  a 
pasty  statCj  and  contains,  as  was  first  observed  by  SeniUas,  a 
cimsiderable  quantity  of  hypercliloratc,  the  oxygen  extricated 
from  one  portion  of  chlorate  being  retained  by  another  portion 
cf  the  same  salt*  This  salt  is  rubbed  to  powder,  and  dissolved 
in  boiling  water,  from  wliicli  the  hyperchlorate  is  first  deposited, 
on  cooling,  owing  to  it«  sparing  solubility.  The  same  salt  may 
riao  be  prepared  by  throwing  chlorate  of  potash  in  fine  powder 
1  well  dried,  into  oil  of  %^tnol  gently  heated  in  an  open  bason, 
^  1  few  grains  at  a  time,  when  the  liberated   cldoric  acid  re- 

itBelf  into  chlorous  acid  and  hyperchloric  acid,  the  former 
off  as  a  yellow  gas ;  tiius  : — 

«E80LUTION  OP  CHLORIC  ACID  INTO  CHL.ORaUg  ACID  AND 

HYPEECHL.ORIC  ACID, 
tfoit  decoiapoftition.  After  decompositton. 

•  2  Chlorine 


2  Chlorous  acid» 
Hyperchloric  acid. 


.  Chloric  ^d  if  g«j|;° 


:hi 


Chlorine - 


Of  the  3  equivalents  of  potash,  previously  in  combination 

ithe  chloric  acid,  one  remains  with  hyperchloric  acid  as 

chlorate  of  potash,  and  the  other  two  are  converted  into 

ulphate  of  potash.    The  whole  reaction  between  the  acid  and 

i  mayi  therefore,  be  thus  expressed  : — 

3KO,  CIO5  and  4HO,  SO3  =  2C10^  and  KO,  ClO^ 
and  2tHO,S03-f  KO,  SO3)  and  2HO. 

In  conducting  this  operation,  the  greatest  caution  is  neces- 
jr,  owing  to  the  explosive  property  of  chlorous  acid ;  for  if 
fte  order  of  mixing  the  substances  lie  reversed,  and  the  acid 
p9«fed  upon  the  chlorate,  or  if  too  much  chlorate  be  added  at 
•  tnne  to  the  acid,  a  most  violent  and  dangerous  detonation 
WI7  occur.  But  this  reaction  is  chiefly  interesting  as  affording 
Alorous  add ;  for  hyperchlorate  of  poUsh  may  be  obtained  from 
MotwUhf  the  action  of  nitric  acid,  lately  observed  by  Professor 
^  without  danger  or  inconvenience.     The  chlorate  is  tran- 

[>mposed  in  nitric  acid  gently  heated  up*>n  it,  the  chlo- 

n  B  2 
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rine  and  oxygen  of  3  eqmvalents  of  chlorous  acid  being  evoked 
in  a  state  of  mixture  and  not  of  combination ;  the  saline 
consists  of  3  equivalents  of  nitrate  and  1  of  hyperchloral 
potash,  which  may   be  separated  by   dissolving  them   in 
smallest  adequate  quantity  of  boiling  water.     On  oooling, 
hyperchlorate  separates  in  small  shining  crystals,  which  mt] 
dissolved  a  second  time  to  obtain  thera  perfectly  pure* 

Hyperchloric  acid  may  be  prepared  from  this  salt  by 
it  i\ith  an  excess  of  fluosilicic  acid,  which  forms,  wHth  pot 
salt  nearly  insoluble.  After  cooling,  the  clear  liquid  is  decai 
and  evaporated  by  a  water  bath.  To  ehminate  a  small  cxt 
of  hydrofluoric  acid,  a  little  silica  in  fine  powder  is  added  to 
liquid^  which  at  a  certain  degree  of  concentration  carries  offi 
fonner  as  fluosilicic  acid.  After  being  still  further  concentre 
the  acid  liquid  may  be  distilled  in  a  retort  by  a  sandbath  heatd 
very  dilute  acid  comes  over  first,  but  the  temperature  of  ebolt 
tion  rises  till  it  attains  Z92°,  after  which  the  receiver  shoo] 
changed^  because  what  then  passes  over  is  a  concentrated 
ofap.  gn  L65.  This  acid  is  a  colourless  liquid  which 
slightly  in  the  air.  It  may  be  still  farther  concentrated  by 
tilling  it  with  4  or  5  times  its  weight  of  strong  sulphuric 
when  the  greater  part  of  it  is  decomposed  into  chlorine 
oxygen,  but  a  portion  condenses  in  a  mass  of  small 
and  also  in  long  four-sided  prismatic  needles  terminated 
dihedral  summits,  which  according  to  SeruUas  are  two  differed 
hydrates  of  the  acid,  the  last  containing  least  water  and  being 
most  volatile.  The  cry^^tals  and  the  concentrated  solution  rf 
the  acid  have  a  great  affinity  for  water ;  the  acid  itself  appetff 
not  to  be  isolable. 

The  hyperchloric  acid  is  much  the  most  stable  of  the  03 
of  chlorine ;  it  does  not  bleach,  is  not  altered  by  the  preseni 
sulphuric  acid,  and  is  not  decomposed  by  sulphurous 
by  sulphuretted  hydrogen.  It  dissolves  zinc  and  iron 
effervescence,  and  in  point  of  affinity,  is  one  of  the  roost 
erful  acids,  Hyperchloric  acid  is  recognized  by  produ( 
with  potash,  a  salt  of  the  same  sparing  solubility  as  bil 
of  potash.  It  is  an  interesting  acid  from  its  compositiont 
as  being  the  most  accessible  of  the  small  class  cont 
hyperiodic  and  hypermanganic  acids,  to  which  it  belongs,  t^ 
alkaline  hy  perch  I  orates  emit  much  oxygen,  when  haatedi  9m 
leave  metalhc  chlorides  ;  they  do  not  deflagrate 
with  combustibles  as  the  chlorate*!. 
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Chlorou9  add  or  peroxide  of  chlormej  CI  O4. — ^This  acid  cmn- 
t  be  obtained  in  a  state  of  purity,  without  considerable  dan- 
re    Ghiy-LuBsac  recommends,  in  preparing  it,  to  mix  chlorate 
potash  into  the  state  of  a  paste  with  sulpliuric  acid  previously 
nfeed  with  half  its  weight  of  water  and  cooled,  and  to  distil 
s  mixture  in  a  small  retort  by  a  water-bath.     It  comes  off  as 
jas,  of  a  yeUow  colour  considerably  deeper   than  chlorine, 
ich  must  be  collected  over  mercury.     It  is  composed  of  2 
umes  of  chlorine  with  4  volumes  of  oxygen,  condensed  into 
nolimies,  which  gives  it  a  density  of  2337.5.    This  gas  is  de- 
apoaed  gradually  by  light,  but  between  200*"  and   212"*  its 
oaeDts  separate  in  an  instantaneous  manner,  with  the  disen- 
?ement  of  light  and  a  violent  explosion  which  breaks  the  ves- 
u    Water  dissolves  7  volumes  of  this  gas,  and  the  gas  itself 
Y  be  liquefied  by  pressure.     It  bleaches  damp  litmus  paper, 
boat  first  reddening  it,  and  is  absorbed  by  alkaline  solutions 
h  the  formation  according  to   Martens  of  a  peculiar  class 
leoolorizing  salts.*    These,  however,  readily  pass  into  chlo- 
Bt  and  chlorides,  like  the  hypochlorites  of  Balard,  when  their 
ations  are  heated* 

3iIorouaacid  has  a  violent  action  upon  combustibles,  kindling 
)qpb<Hxi8,  sulphur,  sugar  and  other  combustible  substances  in 
itect  with  which  it  is  evolved.  Its  action  upon  phosphorus 
may  be  shewn  by  throwing  a  drachm  or  two 
Fig.  4].  ^^  crystallized  chlorate  of  potash  into  a  deep 
foot-glass  or  ale-glass  (sec  figure  41)  filled  with 
cold  water,  to  the  bottom  of  which  the  salt  falls 
without  much  loss  by  solution.  Oil  of  vitriol 
is  then  conducted  to  the  salt,  in  a  small  stream, 
firom  a  tube  funnel,  the  lower  end  of  which  has 
been  drawn  out  into  a  jet  with  a  minute  open- 
ing. A  gas  of  a  lively  yellow  colour  is  evolved 
with  slight  concussions,  and  immediately  dis- 
solved by  the  water,  to  which  it  imparts  tiie 
same  colour.  If  while  this  is  occurring  a  piece 
of  phosphorus  be  thrown  into  the  glass,  it 
piited  by  every  bubble  of  gas,  and  a  brilliant  combustion 
produced  under  the  water,  forming  a  beautiful  experiment 
dly  without  danger.    If  a  few  grains  of  chlorate  of  potash  in 

•  An.  de  Ch.  et  de  Pli.  t.  61,  p.  293. 
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fine  powder  and  loaf-sugar,  be  mixed  upon  paper  by  the  fiiigcr% 
(rubbing  these  substances  together  in  a  mortar  may  be  attended 
with  a  dangerous  explosion,)  and  a  single  drop  of  sulphuric  aeil 
be  allowed  to  fall  from  a  glass  rod  upon  the  mixture,  an  instn- 
taneous  deflagration  takes  place,  occasioned  by  the  erolutioii  d 
the  yellow  gas  which  ignites  the  mixture.     Captain  Manby  wed 
to  fire  in  this  manner  the  small  piece  of  ordnance,  wUieli  he 
proposed  as  a  life-preserver,  to  throw  a  rope  over  a  stnmded 
vessel  from  the  shore ;   and  the  same  mixture  was  aflerwirdi  \ 
employed,  with  sulphuric  acid,  in  various  forms  of  the  inalu-  ' 
taneous  light  match,  all  of  which,  however,  are  now  superseded  ; 
by  other  mixtures  ignited  by  friction  without  sulphuric  acid. 

OTHER  COMPOUNDS  OF  CHLORINE. 

Chloride  of  nitrogen^  N  CI3. — ^This  is  one  of  the  most  1«^ 
midable  of  explosive  compounds,  and  great  caution  is  neoesaij 
in  its  preparation,  to  avoid  accidents.  Four  ounces  of  ed 
ammoniac,  which  must  not  smell  of  animal  matter,  are  dissolved 
in  a  small  quantity  of  boiling  water,  filtered,  and  made  up  to 
3  pounds  with  distilled  water ;  a  two  pound  bottle  of  chlonne 
is  inverted  in  a  bason  containing  this  solution  at  90*,  being 
supported  by  the  ring  of  a  retort  stand,  >vith  its  mouth  over 
a  small  leaden  saucer.  Tlie  chlorine  gas  is  absorbed,  and  upoa 
the  surface  of  the  liquid,  which  rises  into  the  bottle,  an  oilf 
substance  condenses,  which  when  it  accumulates,  precipitate! 
in  large  drops,  and  is  received  in  the  leaden  saucer.  During 
the  whole  operation,  the  bottle  must  not  be  approached,  unkii 
the  face  is  protected  by  a  sheet  of  wire  gauze,  and  the  hands  bf 
thick  woollen  gloves  ;  agitation  of  the  bottle,  to  make  the  «n»- 
pended  drop  fall,  is  a  most  common  cause  of  explosion.  Tlie 
leaden  saucer,  when  it  contains  the  cliloride,  may  be  withdrawn 
from  xmder  the  bottle,  without  disturbing  the  latter,  and  then 
no  harm  can  result  from  the  explosion,  if  it  does  not  occur  in 
contact  with  glass. 

M.  Balard  finds  that  this  compound  may  also  be  produced 
by  suspending  a  mass  of  sulphate  of  ammonia  in  a  strong  eofai- 
tion  of  hypochlorous  acid. 

The  chloride  of  nitrogen  is  a  volatile  oleaginous  liquid  of » 
deep  yellow  colour,  and  sp.gr.  1.653,  of  which  the  vapour  ie 
irritating  like  chlorine  and  attacks  the  eyes.  It  maybedii' 
tilled  at  160%  but  eflfervesces    strongly  at  200*»  and  explode* 
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205*and212%  producing  a  very  loud  detonation,  and 
shattering  to  pieces  glass  or  cast-iron,  but  prodacing  merely  an 
indentation  in  a  leaden  cup.  It  is  resolved  into  chlorine  and 
lutmgen  gases,  the  instantaneous  production  of  which  with  heat 
and  light,  is  the  cause  of  the  violence  of  the  explosion.  The  chlo- 
ride of  mtrogen  is  decomposed  by  raost  organic  matters  contain- 
ing hydrogen  5  and  may  be  safely  exploded  by  touching  it  with 
tk  point  of  a  cane-rod,  which  has  been  previously  dipt  in  oil  of 
torpentine. 

The  properties  of  this  compound  render  its  accurate  analysis 
^Dst  impossible,  and  the  correctness  of  the  formula  usually 
^signed  to  it  is  very  doubtfuL  M.  Millon  has  shewn  that  it 
may  contain  hydrogen,  and  is  possibly  a  compound  of  chlorine 
with  amidogen,  NH^CL  He  formed  from  it  corresponding 
eompoonds,  containing  bromine^  iodine  and  cyanogen,  by  dou- 
ble decomposition,  a  bromide,  iodide  or  cyanide  of  potassium 
being  introduced  into  the  chloride  of  nitrogen  for  that  pur^ 
I     poie.* 

^Bdeme 
Brirad 
^Kftrboi 
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Perchloride  of  carbon^  C^Clg. — ^The  compounds  of  these 
elements  are  not  formed  directly,  but  were  produced  by  Mr, 
Faraday  by  the  action  of  chlorine  upon  a  certain  compound  of 
ii  and  hydrogen,  and  the  circumstances  of  their  formation 
iTe  been  explained  lately  with  singular  feUcity  by  M, 
Aegnault,  Chlorine  and  olefiant  gas  C^  H^  combine  together 
k  e<]ual  volumes,  and  condense  as  an  oily  looking  body,  of  an 
ethereal  odour,  which  is  kno-woi  as  the  Dutch  liquid,  from  hav- 
ing been  first  formed  by  certain  associated  Dutch  chemists,  and 
ilsa  as  the  chloride  of  defiant  gas,  although  the  latter  term  is 
objected  to  as  incorrect  in  theory.  Chemists  have  now  agreed, 
after  much  discussion^  that  the  formula  of  this  liquid  is  not 
C4H4+2CI,  but  that  its  elements  are  thus  arranged : — 

Dutch  liquid.        .        .       C^HajCl  +  HCL 

U  a    combination    of    hydrochloric    acid    HCl,    with    the 

chloride  of  acetyl   C^Hj^CL      Acetyl,    or  as  it  is  also  caDed 

aldehydenc  (C4H3)  pervades  an  extensive  series  of  compounds, 

aldehydic  and  acetic  acids,  for  instance,  being  oxides  of  this 

radical,  namely  0^113-1-20,  and  C^U^-^SO;    and  these  com- 


•  An.  lie  Cb.  et  de  Pb.  t.  €9»  p.  75. 
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pounds  may  be  traced  up  to  alcohol,  the  substance  from 
decomposition  of  which,  indeed,  this  whole  class  of  compoun 
is  primarily  derived.  Thus  acetyl  with  two  equivalents  of  hyd 
gen  forms  a  higher  compound  radical  ethyl  C^H^j  H^  or  C4E 
of  which  ether  is  the  oxide,  and  alcohol  the  hydrate 
that  oxide.  In  both  the  acetyl  and  ethyl  series,  it  will  be 
served  that  the  proportion  of  carbon  (C^)  is  constant, 
that  originally  present  in  the  alcohol,  and  we  shall  find  it  in1 
chloride  of  carbon,  which  is  the  last  product  of  reducing 
cesses  upon  alcohol*  defiant  gas  itself  is  a  hydruret  of 
that  is,  C4H33H.  "mien  exposed  to  chlorine,  both  the 
and  hydrogen  combine  with  chlorine,  giving  the  Dutch  liqu 
C^HgjCl  +  HCl.  Comparing  the  formula  for  olefiant  gas 
the  first  part  of  the  last  formxila,  C4H3,  H  i^ith  C4H3,  Cljj 
will  be  found  that  in  losing  an  atom  of  hydrogen  the 
fiant  gas  has  acquired  an  atom  of  chlorine ;  and  this  is  an  il 
tance  of  the  law  of  substitution  w^hich  Duraas  has  traced  to  i 
great  an  extent  in  the  formation  of  organic  compounds,  Wl 
a  stream  of  chlorine  gas  is  transmitted  through  the  Dutch 
quor^  Rcgnault  finds  that  another  atom  of  hydrogen  is  car 
oflf^  as  hydrochloric  acid,  and  an  atom  of  chlorine  left  in 
place)  thus  the  Dutch  liquor^  C4H3CI  +  HCI  becomes 

C4H2CI3+HCL 

This  second  product,  which  is  a  liquid,  being  submitted  1 

the  action  of  a  stream  of  chlorine,  was  found  to  give  rise  1 
third  hquid  product,  in  which  the  hydrochloric  acid  of  the  1 
formula  had  disappeared,  and  the  remaining  portion  had  »»• 

sumed  two  additional  atoms  of  chlorine,  forming — 

G^H^Cl^. 

This  third  liquid,  is  changed  by    the  prolonged    action  ( 
chlorine  into  the  perchloride  of  carbon,  but  to  liasten  the  actio 
it  is  convenient  to  conduct  the  operation  in  the  light  of ' 
sun ;    its  two  atoms  of  hydrogen  being  carried  off  in  the 
of  hydrochloric  acid,  and  two  atoms  of  chlorine  left  in 
place^  which  gives  the  formula 

Perchloride  of  carbon.     .     •  C^Clg,  or  C4Cl4  +  Cly^ 

Now  this  \dew  of  derivation   and  constitution  of  Uic 
chloride  of  carbon,  is  confirmed  by  the  densit}*  of  its 
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ch  Regnsult  found  by  experiment  to  be  8157'     It  should 
Q  its  formula  contain 

8  Tolumes  carbon  vapour.         •  3371 

12  volumes  chlorine.       .        .        .      29284 


32655 
lese  form  a  combining  measure  of  4  volumes^  the  most 
d  of  all  combining  measures,  the  weight  of  1  volume  or 
nty  of  the  vapour  is   8164,  which  almost  coincides  with 
experimental  result.* 

he  perchloride  of  carbon  is  a  volatile  crystalline  solid,  having 
nmiatic  odour  resembling  that  of  camphor,  fusible  at  320^ 
boiling  at  360^  (Faraday),  of  sp.  gr.  2,  soluble  in  alcohol 
t  and  oils.  It  was  prepared  by  Faraday  by  exposing 
Dutch  liquid  to  sunlight  in  an  atmosphere  of  chlorine, 
ji  was  several  times  renewed,  as  the  chlorine  was  ab- 
ed. 

foiochhride  of  carbon,  C4CI4. — ^This  compound  was  prepared 
ifr.  Faraday  by  passing  the  vapour  of  the  perchloride  through 
iss  tube  filled  with  fragments  of  glass,  and  heated  to  redness, 
reat  quantity  of  chlorine  becomes  free,  and  a  colourless  li- 
1  is  obtained,  which  when  purified  from  perchloride  of  car- 
and  chlorine  as  much  as  possible,  boils  at  248*  (Regnault), 
asp.  gr.  of  1.5526,  and  in  its  chemical  relations  is  very 
bgous  to  the  perchloride  of  carbon.  The  density  of  the 
our  of  the  protochloride  decides  the  nature  of  its  constitution, 
iras  found  by  Regnault  to  be  5820,  which  corresponds  to 
composition  by  volume: — 

8  volumes  carbon  vapour.      .  3371 

8  volumes  chlorine.        .       .      .     19523 


22894 

Density  =  =  5724. 

4 

t  must,  therefore,  contain  4  atoms  of  carbon  and  4  of  chlo- 
!i  and  its  formula  be  C4CI4,  or  we  have  come  at  last  to  ole- 
t  gas  C4H4  with  its  whole  hydrogen  replaced  by  chlorine. 

KcfBudts  I>«  r Action  du  Chlorc  snr  1«  liqueur  dci  HollaodAit  et  itir  la 
nre  d*Ald^jd^iie.  An.  de  Ch.  et  de  Ph.  t.  69,  p.  151.  Idem,  Snr  kt  Chlo- 
idtC«riKMB,ib.t.70.p.l04. 
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It  is  interesting  to  observe  how  a  body  retains,  after  sc 
mutations,  such  distinct  traces  of  its  origin.  From  its  a 
it  might  be  a  compound  of  single  equivalents,  C  CI,  of  til 
plest  nature,  and  so  it  was  considered  when  named  protoc 
of  carbon,  but  there  have  been  found  in  it  the  4  C  of  i 
to  which  compound  we  can  trace  it  back,  by  many  sti 
with  perfect  certainty. 

Subchhride  of  carbon. — ^Another  compound  of  thii 
exists,  of  which  a  specimen  produced  accidentally  was  ex 
by  Messrs.  Phillips  and  Faraday.  Regnault  has  formed 
making  the  preceding  liquid  compound  pass  several 
through  a  tube  at  a  bright  red  heat.  It  condenses  in  the 
parts  of  the  tube  in  very  fine  silky  crystals,  which  e 
taken  up  by  ether,  and  obtained  perfectly  pure  by  a  secoi 
limation.  The  analysis  of  this  substance  proves  that  its  el 
are  in  the  proportion  of  2  equivalents  of  carbon  to  I  of  d 
but  the  number  of  its  equivalents  is  indeterminate,  as  i 
sity  is  tmknown.  If  it  belongs  to  the  foregoing  series,  i 
mula  will  be  C4CIQ. 

Chlorocarbonic  acid  gas,  CO,Cl. — ^This  gas  is  made 
posing  equal  measures  of  chlorine  and  carbonic  oxide  t 
shine,  when  rapid  but  silent  combination  ensues,  and  thi 
tract  to  one  half  their  volume.  It  is  decomposed  by 
hydrochloric  and  carbonic  acids  being  formed,  and  dc 
combine  with  bases  to  form  salts.  It  belongs  to  the  o 
oxide  series. 

Chloride  of  boron,  B  CI3. — A  gaseous  compound  of 
elements  was  obtained  by  Berzelius,  by  transmitting  c 
over  boron  heated  in  a  glass  tube,  and  by  Dumas  by  trans 
the  same  gas  over  a  mixture  of  boracic  acid  and  carbon 
in  a  porcelain  tube.  Its  density  was  found  to  be  4( 
Dumas,  and  it  is  considered  a  terchloride. 

Chloride  of  silicony  Si  CI3. — ^This  compound  is  obtaii 
similar  processes  as  the  last.  It  is  a  limpid  and  volatile 
boiling  at  124^,  and  is  converted  by  water  into  hydrochlo: 
and  siUca. 

Chloride  qf  sulphury  S^Cl. — This  compound  was  fii 
tained  by  Dr.  Thomson  in  1804.  To  prepare  it,  2  or  3 
of  flowers  of  sulphur  may  be  introduced  into  the  body  0 
bulated  retort  and  gently  warmed.  Dry  chlorine  is  con 
to  the  sulphur,  by  a  quill  tube  descending  through  a  per 
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in  the  tubulure  of  the  retort,  and  a  flask  may  be  applied 
c  beak  of  the  retort  to  receive  a  smati  portion  of  the  pro- 
jluct  which  distils  over  during  the  operation.  The  chlorine  is 
absorbed  and  a  dark  coloured  dense  liquid  is  obtained, 
boila  at  about  280",  and  has  a  disagreeable  odour,  some- 
resembling  that  of  sea-weed,  but  much  stronger.  Rose 
i  that  this  is  a  solution  of  sujphur  in  a  definite  chloride 
lur  S5CI,  wliich  may  be  obtained  pure  by  distiUmg  the 
id  at  a  moderate  temperature,*  This  compound  is  capable 
'  disaohriiig  a  very  large  quantity  of  sulphur,  wliich  may  be 
in  crystals  from  a  solution  saturated  at  a  high  tern- 
pnatare*  It  is  decomposed  by  water,  and  hydrochloric  and 
kfpcNmlpharouB  acids  formed. 
This  compound  also  absorbs  a  large  but  indefinite  quantity 
ddorine.  But  a  definite  superior  cliloride  of  sulphur  has 
been  obtained  by  Rose,  in  combination  with  several  me- 
perchloridcs.f  It  is  a  bichloride  uf  sulphur,  S  CI^,  but 
nnot  be  obtained  in  a  separate  state.  When  chlorine  is 
over  the  bisulphuret  of  tin,  the  gas  is  absorbed,  the  sul- 
t  fiises,  and  a  compound  is  formed  in  yellow  crystals, 
consists  of  Sn  CL,  +  S  Cl^.  The  sulphur  of  the  sul- 
of  titanium  and  of  the  sulphurets  of  antimony  and  ar- 
;  is  csonverted  by  chlorine,  in  the  same  manner  into  bicldo- 
>  ami  the  metal  itself  obtains  the  same  proportions  of  chlo- 
as  it  had  of  sulphur  previously,  the  new  products  also 
ining  in  combination  with  each  other. 
Tarh/oride  of  pho»phorti8t  P  C\^.—'V\iis  chloride,  which  cor- 
ne^KMuls  with  phosphorous  acid,  is  obtained  by  passing  the 
Hfont  of  phosphorus  over  corrosive  sublimate  in  a  heated 
tube;  a  clear  and  volatile  Uquid  distils  over,  of  sp.  gr.  1*45. 
t  is  capable  of  dissolving  phosphorus  ;  when  mixed  with  water, 
tisicaolved  into  hydrochloric  and  phosphorous  acids. 

Perchloride  ojphasphorusy  PCI5. — Phosphorus  takes  fire  spoo- 
liBeotisly  in  a  vessel  of  dry  chlorine,  and  produces  a  snow  white 
vxM)lly  subUmate,  which  is  very  volatile,  rising  in  vapour  below 
213*.  It  is  converted  by  water  into  hydrochloric  and  phos- 
pbofic  adds.  Compounds  also  have  been  formed  of  chlorine, 
svdplmr  and  phosphorus  by  Rose  and  Serullas,  to  which  Berzelius 
the  speculative  formulae  SCl^+PCl^  and  PSfi-^^^SjCh 


Aft,  de  Ch*  cf  de  Ph.  t*  50,  p.  \}2. 
1 1  Aa.  d«  Ch.  et  d«  Ph.  t.  /O.  p.  278. 
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Eg.  978.31  or  78,39  ;  Br  ;  density  5393 ; 


This  element  was  discovered  by  M,  Balard  of  Mont 
ill   1826.     Its  name  is  derived  from   Dpc^^oc,  mal-odour, 
was  applied  to  it  on  account  of  its  strong  and  disac;reea 
odour.     Like  the  other  members  of  the  chlorine  iamily^ 
found  principally  in  solution^  being  present  in  an  exc 
minute  but  appreciable  proportion  in  sea  water,  under  the  fa 
of  bromide  of  sodium  or  magnesium^  also  in  the  water  of  I 
Dead  Sea,  and  in  nearly  all  the  saline  springs  of  Europe,  I 
which  that  of  Theodorshall  near  Krenznach  in  Germany  is  I 
principal  source  of  bromine,  as  an  article  of  commerce,  Althou^ 
it  has  not   been  found  apphcable    to  any   important  pur 
of  utility,  bromine  is  interesting  from  its  chemical  relatia 
particularly  from  the  extraordinary  parallelism  in  properties! 
chlorine  wBich  it  exhibits. 

Preparation* — Bromine  in  combination  is  detected  by  i 
of  chlorine  water,  a  few  drops  of  which  cause  the  colourless  I 
lution  of  a  bromide  to  become  orange  yellow^  like  nitrous  i 
by  disengaging  bromine,  while  an  excess  of  chlorine  we 
the  indication,  by  forming  a  chloride  of  bromine  which  is  nc 
colourless*  Before  the  application  of  this  test,  the  saline 
in  which  bromine  is  contained  must  always  be  greatly  cone 
trated,  and,  indeed,  the  greater  part  of  it^  salts  separated  1 
crystallization.  The  bromides  are  highly  soluble  and  rcn 
in  the  incrystalllzable  liquor  which  is  called  tlie  mother-ley,  of 
bittern  in  the  case  of  sea-water*  The  bromide  of  magt 
may  lose  hydrobromic  acid  during  the  farther  concentraU- 
the  mother-ley,  by  evaporation,  on  which  account  Desfosses  rf- 
commends  the  addition  of  hydrate  of  hme  to  tlie  liquid,  wbid> 
throws  down  magnesia,  and  produces  a  bromide  of  calciiua 
which  may  be  evaporated  without  loss  of  bromine.  Instead  » 
using  free  chlorine,  to  extricate  the  bromine,  peroxide  of  roso* 
ganese  and  a  httle  hydrochloric  acid  rnay  be  added  to  the  h* 
quid.  Upon  distilling,  bromine  is  liberated  and  comes  off  com- 
pletely before  the  liquid  boils.  The  watery  vapour  which 
condenses  in  the  receiver  along  with  the  bromine^  contoins  » 
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km  of  chloride  of  bFomine^  from  which  the  bromine  may 
fparated  by  adding  barj^s  to  the  Uquid^  and  forming  a 
ide  of  barium  and  broniate  of  barytes  ;  evaporating  the  li- 
to  dryness,  and  treating  with  alcohol. 

roperiieM. — Bromine  condenses  in  the  preceding  process  as 
tse  liquid  under  the  water,  the  sp.  gr.  of  bronuiie  being 
5-  In  mass,  it  is  opaque  and  of  a  dark  brown  red,  but  in  a 
strmtum,  transparent  and  of  a  hyacinth  red.  Its  odour  is 
fftj  and  very  like  that  of  clUurinc.  Wlien  cooled  10 
I  degrees  below  zero,  it  freezes,  and  remains  solid  at  IC; 
en  has  a  leaden  gray  colour  and  a  lustre  almost  metallic. 
(rine  at  the  usual  temperature  is  decidedly  volatile,  and  to 
i  its  evaporation,  it  is  generally  covered  by  water  in  the 
I  in  which  it  is  kept.  It  boils  at  1 16^.5,  and  affords  a  va- 
▼ery  similar  to  the  ruddy  fumes  of  peroxide  of  nitrogen, 
ine  is  soluble  to  a  small  extent  in  water,  and  gives  an 
e  coloured  solution  ;  it  is  a  little  more  soluble  in  alcohol, 
Dnsiderably  more  so  in  ether, 

Imine  bleaches  Uke  chlorine,  and  acts  in  a  similar  manner 
the  volatile  oils  and  many  organic  substances  containing 
jgcn,  which  element  it  eliminates  in  the  form  of  bydro- 
C  acid.  Many  metals  combine  with  bromine  with  ignition, 
ey  do  with  chlorine ;  it  acts  as  a  caustic  on  the  skin  and 
\  it  yellow,  like  nitric  acid*  It  forms  a  combination  with 
»  which  is  of  a  yellow  colour ;  like  chlorine  it  forms  a 
lUine  hydrate  with  water  at  32**,  which  b  of  a  beautiful  red 

irfroiromfC  acwf,  H  Br. — ^This  is  a  gas,  in  which  2  volumes 
fcli  constituent  are  united  without  condensation,  as  in  hy- 
loric  acid,  and  which  has  the  great  attraction  for  water  of 
Hydrogen  and  bromine  do  not  unite  at  the  usual 
jffBlxcre,  and  a  mixture  of  them  is  not  exploded  by  flame, 
unite  in  contact  with  the  flame  and  form  hydrobromic 
The  same  acid  is  more  readily  prepared  by  the  action  of 
upon  certain  compounds  of  hydrogen,  such  as  sul- 
ptted  hydrogen,  phosplmretted  hydrogen  and  hydriodic 
The  gas  may  also  be  obtained  by  the  mutual  action  of 
phosphorus  and  water,  and  must  be  collected  over 

Comic  acid,  like  all  the  other  bromides,  is  decomposed 
,  which  is  more  |>owerful  in  its  affinities  than  bro- 
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J^iirobroiiiic  and  phosphoric  acids,  which  proves  it  to  be  P  Br5; 
aad  the  latter  affords  hydrochloric  and  phosphorous  acids, 
iriiich  proves  it  to  be  P  Bt^  The  Uquid  bromide  does  not 
fteeie  at  5^^  and  like  the  liquid  chloride  of  phosphorus  is  capa- 
ble of  dissolving  a  large  quantity  of  phosphorus. 

Bromide  of  carbon. — It  is  probable  that  the  compound  des- 
oibed  as  such  by  SeruUas  is  bromo/orm,  C,  H  Br,.* 

Bromide  o/ silicon — ^Is  prepared  by  a  similar  process  as  the 
cUoride  of  silicon.  It  is  a  hquid  boiling  at  302*  and  freezing 
9i  lOP.  By  water  it  is  resolved  into  hydrobromic  add  and 
dica. 

SECTION   XII. 

IODINE. 

Eg.   1579.5  or  126.57;  I;  density  87077;  ^  Yl' 

Iodine  was  discovered  in  1811,  by  M.  Courtois  of  Paris,  in 
kdp,  a  substance  from  which  he  prepared  carbonate  of  soda. 
Its  chemical  properties  were  examined  by  Clement,  and  after- 
mrds,  more  completely  by  Davy  and  Gay-Lussac,  particularly 
die  latter.f  A  trace  of  iodine  has  been  observed  in  sea-water 
(Sdiweitzer),  but  it  is  more  abundant  in  the  fuci,  ulvi  and  other 
mirine  plants,  and  also  in  sponge,  the  ashes  of  which  contain 
iofide  of  sodium.  It  is  known  also  to  exist  in  one  mineral,  a 
nlver  ore  of  Albaradon  in  Mexico.  Iodine  has  not  as  yet,  I 
WEeve,  found  any  important  appUcation  in  tlie  useful  arts,  but 
it  has  proved  a  valuable  addition  to  the  materia  medica. 

Pr<para/fOfi.— The  greater  part  of  the  iodine  of  commerce  is 
prepared  at  Glasgow  from  the  kelp  of  the  west  coast  of  Ireland, 
nd  western  islands  of  Scotland.  The  sea-weed  thrown  upon 
die  beach  is  collected,  dried,  and  afterwards  burned  in  a  shallow 
pit,  in  which  the  ashes  accumulate  and  melt  by  the  heat,  being 
of  a  fusible  material.  The  fused  mass  broken  into  lumps  forms 
kdp,  which  was  prepared  and  chiefly  valued  at  one  time  for 
ftc  carbonate  of  soda  it  contains,  which  varies  in  quantity  from 
2  to  5  per  cent.  It  is  not  all  equally  rich  in  iodine.  According 
to  the  observation  of  Mr.  Whitelaw,  the  long  elastic  stems  of 
flie  fucus  palmatus  afford  most  of  the  iodine  contained  in  kelp, 

*  An.  de  Ch.  et  de  Ph.  t.  39,  p.  225. 

tDaTy  in  Philosophical  Transactions  for  1814  and  1815;  Gay-Lussac  in  the 
I  de  Chimie»  t.  88,  90  and  91. 
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and  the  kelp  prepared  from  this  plant  may  be  reoognuedbf 
the  presence  of  charred  portions  of  the  stems;  and  as  that  ill 
deep  sea  plant,  it  is  found  in  largest  quantity  in  the  sea-wrak 
of  exposed  coasts.  A  high  temperature  in  the  preparatioii  cf 
the  kelp,  which  increases  the  proportion  of  alkaline  carbonife^ 
diminishes  that  of  the  iodine,  owing  to  the  volatility  of  Ab 
iodide  of  sodium  at  a  full  red  heat.  The  kelp  which  coDtttv 
most  iodine,  generally  contains  also  most  chloride  of  potasmi^ 
and  it  is  for  these  two  products  that  the  substance  is  now  ly 
lued,  more  than  for  its  alkali. 

The  kelp  broken  into  small  pieces  is  lixiviated  in  water,  to 
which  it  yields  about  half  its  weight  of  salts.  The  soiutioiiii 
evaporated  down  in  an  open  pan,  and  when  concentrated  to  i 
certain  point,  begins  to  deposit  its  soda  salts,  namely,  oomnMi 
salt,  carbonate  and  sulphate  of  soda,  which  are  removed  froa 
the  boiling  liquor  by  means  of  a  shovel  pierced  with  holes  fib 
a  colander.  The  liquid  is  afterwards  run  into  a  shallow  pen  ti , 
cool,  in  which  it  deposits  a  crop  of  crystals  of  chloride  of  potM- 
sium ;  the  same  operations  are  repeated  upon  the  mother4ey  tf 
these  crystals  until  it  is  exhausted.  A  dense  dark-cdloiiiil 
liquid  remains,  which  contains  the  iodine,  in  the  form,  itil 
believed,  of  iodide  of  sodium,  but  mixed  with  a  large  quanlitj 
of  other  salts,  and  this  is  called  the  iodine  ley. 

To  this  ley,  sulphuric  acid  is  gradually  added  in  such  qattt 
tity  as  to  leave  the  Uquid  very  sour,  which  causes  an  evolutioi 

of  carbonic  acid,  ml* 
phuretted  hydrogUi 
and  sulphurous  9oi 
gases,  with  a  coiuid^ 
rable  deposition  <if 
sulphur.  After  stud- 
ing  for  a  day  or  tvo^ 
the  ley  so  prqurtdi 
is  heated  with  pc^ 
oxide  of  mangBoaib 
to  separate  the  iodnm* 
This  operation  isooft* 
ducted  in  a  kad^ 
retort  a  (see  figoi^ 
of  a  cylindrical  fbrai 
supported  in  a  sand- 
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\m&y  which  is  heated  by  a  small  fire  below.  The  retort  has  a 
Inge  opening,  to  which  a  capital  b  Cj  resembling  the  head  of  an 
■Ismbic,  is  adi^ted,  and  luted  with  pipe-clay.  In  the  capital 
itidf  there  are  two  openings,  a  larger  and  a  smaller^  at  b  and 
Cf  dosed  by  leaden  stoppers.  A  series  of  bottles  dy  having  each 
two  dpeningSy  connected  t(^ether  as  represented  in  tlie  figure, 
sod  with  their  joinings  luted,  are  used  as  condensers.  The 
prepared  ley  being  heated  to  about  140"  in  the  retort,  the  man- 
guese  is  then  introduced,  and  b  c  luted  to  a.  Iodine  immediately 
iK^gins  to  come  off,  and  proceeds  on  to  the  condensers,  in  wliich 
It  is  collected ;  the  progress  of  its  evolution  is  watched  by 
oocuionally  removing  the  stopper  at  c ;  and  additions  of  sul- 
phuric acid  or  manganese  are  made  by  6,  if  deemed  necessary. 
The  success  of  the  experiment  depends  much  upon  its  being 
dowly  conducted,  and  upon  the  proper  management  of  the 
temperature,  which  is  more  easily  regulated  when  the  quantities  of 
materials  are  considerable,  than  when  the  experiment  is  attempted 
vidi  small  quantities  in  glass  flasks.  In  the  latter  circumstances, 
diknine  is  often  evolved  with  the  iodine,  which  escapes  in  acrid 
finnes,  as  the  chloride  of  iodine,  and  is  lost ;  but  this  accident 
am  be  avoided  in  the  manufiurturing  process.  A  little  cyanide 
ef  iodine  often  accompanies  the  iodine,  which  I>eing  more  vola- 
tile^ condenses  in  the  form  of  white,  flexible,  prismatic  crj'stals, 
IB  the  bottle  most  distant  from  the  leaden  retort. 

In  diis  operation,  the  peroxide  of  manganese  will  be  in  con- 
tact at  once  with  hydriodic,  hydrochloric  and  sulphuric  acids ; 
and  the  iodine  of  the  hydriodic  acid  may  be  liberated,  from  the 
vmon  idih  its  hydrogen  of  the  oxygen  of  the  manganese,  and 
the  formation  of  water ;  or  hydrochloric  acid  may  be  first  de- 
composed by  the  manganese,  and  chlorine  decompose  the 
hjdriodic  acid  and  liberate  iodine.  If  a  considerable  excess  of 
m^uric  acid  be  employed,  iodine  is  obtained  without  the  use 
of  the  peroxide  of  manganese,  the  oxygen  required  by  the 
bjdrogen  of  the  hydriodic  acid  being  supplied  by  the  sulphuric 
Mad,  a  part  of  which  is  converted  into  sulphurous  acid.  The 
presence  of  iodine  in  the  prepared  ley  may  be  observed  by  sud- 
denly mixing  it  with  an  equal  volume  of  oil  of  vitriol,  when 
▼iolet  fumes  of  iodine  appear.  But  the  quantity  of  iodine  may 
he  more  accurately  estimated  by  means  of  a  solution  consisting 
of  I  part  of  crystallized  sulphate  of  copper  and  2^  cr.  proto- 
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sulphate  of  iron,  which  throws  down  an  insaluble  suhiodide  of 
copper,  almost  white. 

Properties. — ^lodine  is  generally  in  crystalline  scales  of  t 
bluish  black  colour  and  metallic  lustre.  It  may  also  be  A- 
tained,  from  solution,  in  the  form  of  elongated  octohedrons  wilk 
a  rhomboiflal  base.  The  density  of  iodine  is  4,948  ;  it  fuses  it 
225%  and  boils  at  34?*  j  but  it  evaporates  at  the  usual  tempenr 
ture,  and  more  rapidly  when  damp  than  when  dry,  diffusing  la 
odour  having  considerable  resemblance  to  chlorine,  but  easiljr 
distinguished  from  it-  Iodine  stains  the  skin  of  a  yellow  co- 
lour, which  however  disappears  in  a  few  hours.  Its  vapov 
is  of  a  splendid  \iolet  colour,  which  is  seen  to  great  adraotage 
when  a  scruple  or  two  of  iodine  is  thrown  at  once  upon  a  bat 
brick.  Hence  its  name,  from  'lui^i?^,  violet-coloured. 
vapour  of  iodine  is  the  heaviest  of  gaseous  bodies,  its  d 
being  8716  according  to  the  experiment  of  Dumas^  and  BJi 
according  to  calculation  from  its  atomic  weight. 

Pure  water  dissolves  about  l-7O00th  of  its  weight  of  i< 
and  acquires  a  brown  colour ;  but  when  charged  with  a 
particularly  the  nitrate  or  hydrochlorate  of  ammonia, 
dissolves  a  considerably  greater  quantity  of  iodine.     The 
tion  of  iodine  does  not  disengage  oxygen  in  the  light  of  the 
and  does  not  destroy  vegetable^  colours,  but  after  a  ti 
becomes  colourless,  and  then  contains  hydriodic  and  iodic 
In  other  respects,  iodine  generally  comports  itself  like  chl 
but  its  affinities  are  much  less  powerful.     Iodine  is  solub] 
alcoljol    and  ether,  with  which  it   forms  dark  reddijsh  h 
liquors.     Solutions  of  iodides,  too,  all  dissolve   much  i( 
A  liquid  containing  20  grains  of  iodine  and  30  grains  of  l 
of  potassium  in  I  ounce  of  water,  is  known  as  Lugol's  sol 
and  preferred  to  the  tincture  in  medicine,  because  the  i 
not  precipitated  from  it  by  dilution  with  water. 

A   solution    of  starch   forms   an  insoluble   oompoiind 
iodine,  of  a  deep  blue  colour,  the  production  of  wtiicfa 
exceedingly  delicate  test  of  iodine.     If  the  iodine  be  free, 
produces  at  once  the  blue  precipitate,  but  if  it  be  in  comi 
as  a  soluble  iodide,  no  change  takes  place,  till  chlorine  is 
to  hberate  the  iodine.      If  more  chlorine,  however,  he 
than  is  necessary  for  that  purpose,  the  iodine  is  withdrmwii 
the  starch,  cldoride  of  iodine  formed,  and  the  blue  compottfi^ 
destroyed.     Dr.  A.  T.  Thomson,  after  adding  the  stlfch  with  I 
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rf  sulphurie  acrid  to  the  liquid  containing  an  iodide,  in  a 
drical  vessel^  allows  the  vapour  only  from  the  chlorine- 
bottle  to  fall  upon  the  solution*  and  not  the  ehlorine- 
ksclf.  In  this  way,  the  danger  of  adding  an  excess  of 
e  is  easily  avoided,  and  the  test  indicates  in  a  sensible 
r  an  exceedingly  minute  quantity  of  iodine.  The  iodide 
|rchy  in  water,  becomes  colourless  when  heated,  but  re- 
ita  blue  colour  if  immediately  cooled.  The  soluble 
give,  with  nitrate  of  silver,  an  insoluble  iodide  of  silver, 
yellow  colour,  insoluble  in  ammonia ;  with  salts  of 
mn  iodide  of  a  rich  yellow  colour,  and  with  corrosive  subli- 
I  a  fine  scarlet  iodide  of  mercury. 

ascertaining  the  quantity  of  iodine  in  the  mixed  chlorides, 
odades  of  mineral  waters  and  other  solutions,  Rose  recom- 
B  the  addition  of  nitrate  of  silver,  which  throws  down  a 
We  of  chloride  and  iodide  of  silver,  which  is  fused  and 
led.  This  is  afterwards  heated  in  a  tube  and  chlorine  passed 
y  which  the  iodine  is  expelled,  and  the  whole  becomes 
silver.  It  is  weighed  again,  and  a  loss  is  found  to 
'd,  owing  to  the  equivalent  of  the  replacing  chlorine 
less  than  that  of  the  replaced  iodine.  This  loss,  multi- 
by  l,38f),  gives  the  quantity  of  iodine  originally  present, 
has  been  expelled  by  the  chlorine.*  Dr,  Schweitxer  em- 
asitnilar  method  in  estimating  the  quantity  of  iodine  when 
th  bromine,  heating  the  iodide  and  bromide  of  silver 
latmosphere  of  bromine.  The  difference  in  weight  multi- 
by  :iS27  gives  the  proportion  of  iodine,  and  multiplied  by 
^tke  proportion  of  bromine»t 

ML — Iodine  is  employed  in  the  laboratory  for  many  chenii- 
iqjarations,  and  as  a  test  of  starch.  It  was  first  introduced 
Bedidne  by  Coindet  of  Geneva,  who  employed  it  with  sue- 
in  the  treatment  of  goitre,  dissolved  in  alcohol,  in  solution 
ide  of  potassium,  or  as  iodide  of  sodium  ;  and  since  that 
SBtion^  most  mineral  waters  to  which  the  virtue  of  curing 
\  was  ascribed,  have  been  found  to  contain  iodine^ 
loussingault  has  adduced  striking  confirmations  of  the 
qr   of  iodine  in  that  disease,  in  his  interesting   memoir 


ikf  ADAlytbcheD  CheiDtis   von  Hebricb  Roie,  B*  2,  p.  tt77fBcT- 
Mi(.  3r(].  fefiet.  r.  15,  p.  57. 
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on  the  iodiferous  mineral  waters  of  the  Andes.^  It  app 
to  have  a  specific  action  in  causing  the  absorption  of 
glandular  swellings,  and  is  also  administered  as  a  tonic.  Iodine 
swallowed  in  the  solid  state  may  cause  ulceration  of  the  mucom 
membrane  of  the  stomach,  and  death.  But  the  iodide  of  potas- 
sium or  sodium  is  not  poisonous  in  large  doses,  nor  is  the  iodide 
of  starch  hurtful  {Dr,  A.  Buchanan)^ 

Iodides, — Iodine  does  not  form  a  hydrate  like  chlorine,  bvt 
it  combines  with  another  compound  body,  ammonia ;  dry  iodine 
absorbing  dry  amraoniacal  gas  and  running  into  a  brown  hqniii 
which  Bineau  finds  to  contain  20*4  ammonia  for  1(X)  iodiiMV 
quantities  in  the  proportion  of  3  equivalents  of  ammonia  to  f 
of  iodine.t  This  liquid  dissolves  iodine.  Iodine  does  not  ooffl* 
bine  with  dry  iodide  of  potassium,  but  with  the  addition  of  i 
small  quantity  of  water,  it  forms  what  appears  to  be  a  teniaiy 
compound  of  iodide  of  potassium,  water  and  iodine,  whicliii 
fluid,  but  was  obtained  in  crystals  by  Bauer.  It  forms  similar 
combinations  with  other  hydrated  metallic  iodides.  With  the 
metals  generally  iodine  combines,  with  the  same  facihty,  ami 
nearly  with  as  much  energy  as  chlorine  docs-  The  iodide  ofiinc 
and  protiodide  of  iron,  w^hich  are  very  soluble,  are  formed  by 
simply  bringing  the  metals  into  contact  with  iodine,  in  wacer. 
All  the  iodides  are  decomposed  by  bromine,  as  well  as  by  chlo- 
rine. 

The  compounds  of  iodine  may  be  sliortly  described  in 
following  order: 


Hydriodic  acid     .  11  I 

Iodic  acid  .     .     *  I O5 

Hyperiodic  acid    .  I  O^ 

Iodide  of  nitrogen  N  I3 


Iodide  of  sulphur 
Iodides  of  phosphorus 
Chlorides  of  iodine- 
Bromides  of  iodiiie. 


COMPOUNDS  OF  lODTNE. 

Hydriodic  acid^  II I.^ — Hydriodic  acid  cannot  be  prepared  with 
ad\^antage  by  treating  the  iodide  of  sodium  or  potassium  wiA 
hydrated  sulphuric  acid^  as  tlie  latter  is  partially  converted  inttt 
sulphurous  acid  by  hydriodic  acid,  with  the  separation  of  iodine. 
It  may  be  obtained  in  the  state  of  gas,  by  forming  an  iodide  w 
phosphorus,  9  parts  of  dry  iodine  and  I  of  phosphorus 
introduced  into  a  tube  sealed  at  one  end,  to  be  used  as 


An.  <k  Cb.  et  de  Ph.  U 54,  p*  163.     1  An.  deCb.  et  de  Ph.  t  67,  ^  1 
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id  the  mixtore  covered  by  pounded  glass,  and  combination 
lennined  by  a  gentle  heat;  and  ailem'ards  decomposing  this 
tide  of  phosphoms  by  a  few  drops  uf  water.  Hydriodic  acid 
rtantly  comes  off  as  gas,  and  hydrated  phosphorous  acid  renudns 
die  tube.  Or  PI3  and  Gil  O  =  311 1  and  311  0+ P  O3.  A 
g^t  heat  may  be  applied  to  the  tube,  when  the  action  abates,  to 
pel  the  last  portions  of  hydriodic  acid ;  but  if  the  temperature  be 
Cfatedy  the  residuary  hydrated  phosphorous  acid  is  decomposed 
Ui  the  evolution  of  phosphuretted  hydrogen  gas,  which  may, 
lerefore,  be  obtuned  by  die  same  operation.  This  gas  is  very 
bble  in  water,  and  soon  decomposed  over  mercury,  which 
imbines  with  its  iodine  and  liberates  hydrogen,  so  that  it 
i|^t  to  be  collected  by  the  metliod  of  displacement.  The 
IS  is  conducted  by  a  tube  to  the  bottom  of  a  dry  bottle, 
le  air  of  which  it  displaces,  as  in  the  experiment  with 
pdiochloric  acid  (figure,  page  355),  and  the  bottle  is  closed 
idi  a  glass  stopper  when  full  of  gas.  Hydriodic  gas  is  colour- 
si,  of  density  4443  by  experiment  and  4385  by  theory,  and 
insists  of  2  volumes  of  iodine  vapour  and  2  volumes  of  hydro- 
Bngas  united  without  condensation,  or  forming  4  volumes, 
'hidi  are,  therefore,  the  combining  measure  of  the  gas.  In  the 
mbination  of  its  constituents  by  volume,  hydriodic  acid  re- 
embles  hydrochloric  gas  and  all  the  other  hydrogen  acids.  Hy- 
Iriodic  gas  is  gradually  decomposed  by  oxygen,  with  the  forma- 
ion  of  water;  iodine  is  liberated. 

Tie  solution  of  this  acid  in  water  may  be  obtained  by  trans* 
nitdng  sulphuretted  hydrogen  gas  through  water  in  which 
odine  is  suspended  ;  the  iodine  combines  with  the  hydrogen  of 
iai  compound  and  liberates  the  sulphur.  Tlie  liquid  may  aller- 
wds  be  warmed  to  expel  tiie  excess  of  sulphuretted  hydrogen, 
md  filtered.  It  is  colourless  at  first,  but  in  a  few  hours  l>ecomes 
ltd,  owing  to  tiie  decomposition  of  hydriodic  acid  by  the  oxygen 
tftfae  air,  and  the  solution  of  the  iodine  in  the  acid.  The  solu- 
iouhas  its  maximum  boiling  point,  which  lies  between  257*  and 
X2*,  when  of  sp.  gr.  1.7,  according  to  Gay-Lussac.  Nitric  and 
iB^uric  acids  decompose  it,  and  are  decomposed  themselves, 
nth  the  formation  of  water ;  the  starch  test  then  indicates  free 
Kline. 

lodSe  aeidj  IO5. — Iodine  does  not  afford  a  peculiar  acid  com- 
oond,  with  red  oxide  of  mercury  and  those  metallic  oxides 
rhich  yield  hypochlorous  acid  with  chlorine.  Nor  is  it  absorbed. 
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like  chlorine,  by  hydrate  of  lime  or  alkaline  solutions^  to  fa 
class  of  bleaching  salts.  Such  compounds  are  wanting  in 
series  of  oxides  of  iodine,  which  is  at  present  limitexl  to 
and  hyperiodic  acids.  Sementini  imagined  that  he  had  : 
inferior  oxides  of  iodine,  but  he  is  evidently  mistaken. 
iodate  of  soda  combines  with  iodide  of  sodium  in  several  pro- 
portions, one  of  which  was  supposed  by  Mitscherlich,  when  be 
discovered  it,  to  be  an  iodate  of  soda,  but  that  this  is  a  daa 
salt  of  the  constitution  first  mentioned  is  now  bey 
doubt. 

A  few  grams  of  iodic  acid  may  easily  be  prepared  by  I 
method  of  Mr,  Corinel,  which  consists  in  heating  the  most  i 
cenrrated  nitric  acid  upon  a  little  iodine,  in  a  wide  gkas  i 
and  afterwards  evaporating  to  drj^ness  by  a  heat  not  ex« 
4  or  500"*  I    a  white  crystalline  powder  remains   in  the 
which  is  anhydrous  iodic  acid.     When  a  larger  quantity  iS'll 
quiredj  the  most  convenient  process  is  to  form,  in  the  fir^t  ] 
an  iodate  of  soda.  An  ounce  oi*  two  of  iodine  may  be  susp 
in  a  pound  of  water,  with  occasional  agitation,   and  a  st 
chloririe  be  passed  through,  till  the  whole  iodine  is  dissdl 
Carbonate  of  soda  is  added  to  tlie  Uquor,  which  is  of  a  I 
colour  and  stroitgly  acid,  till  it  becomes  slightly  alkahne, 
a  large  precipitation  of  iodine  occurs,  which  may  be  separ 
and  collected  on  a  hlter.     Tiiis  iodine  may  be  suspendedl 
water  and  exposed  to  a  stream  of  chlorine  as  before,     Butf 
filtered  solution  contains  iodate  of  soda  and  chloride  of  sodil 
with  a  trace  of  carbonate,  wjiich  may  be  neutralized  by  hyd 
rie  acid.  On  afterwards  adding  chloride  of  barium  to  the 
solution,  so  long  as  a  precipitate  is  produced,  the  whole 
acid  will  be  thrown  down  as  iodate  of  barytes,  which  may  j 
collected  on  a  filter  and   dried.     This  iodate  is  anhydrous, 
may  be  decomposed  completely,  by  boiling  9  parts  of  it  for  1 
an  hour  with  2  parts  of  oil  of  vitriol,  diluted  with  10  or  12 
of  water.  The  liberated  iodic  acid  dissolves,  and  being  sep 
from   the  sulphate  of  barytes   by  ixltration,  is  obtained  i 
anhydrous  crystalline  mass  when  evaporated  to  dryness 
gentle  heat. 

Iodic  acid  crj^stallizes  from  a  strong  solution,  as  a  hydrate^* 
large  and  transparent  crystals,  which  are  six-sided  tables, 
acid  is  not  sublimed,  but  decomposed,  by  a  high  teinfieratfl 
and  leaves  no  solid  residue.     Iodic  acid  is  very  soluble ;  ifi^ 
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ftar  leddening,  bleaches  litmus  paper.  It  oxidates  all  metals 
ith  which  it  has  been  tried,  except  gold  and  platinum.  It  is 
BOTJdiifd  bj  sulphurous  add,  and  iodine  liberated,  but  an 
icasB  of  sulphuiotts  add  causes  the  iodine  again  to  disappear 
B  hydriodic  acid,  water  being  decomposed  by  the  simultaneous 
ctkm  of  sulphurous  add  and  iodine  upon  its  elements.  Mor- 
im  is  said  to  be  the  only  vegetable  alkali  whidi  decomposes 
ofic  add  and  liberates  iodine ;  and,  hence,  iodic  acid  has  been 
noommended  as  a  test  for  morphia. 

/Nfa/et.— The  salts  of  iodic  acid  hare  a  general  resemblance 
0  the  chlorates.  The  iodate  of  potash  is  converted  by  heat  into 
odide  of  potassium  and  oxygen ;  but  the  iodate  of  soda  loses 
sdine  as  well  as  oxygen,  when  heated,  and  a  yellow,  sparingly 
nloble,  alkaline  matter  remains,  which  Liebig  imagines  to  con- 
sin  the  salt  of  an  iodous  add,  resolvable  into  an  iodate  and 
odide  by  solution  in  water,  but  which  requires  further  investi- 
f&m.  The  iodates  of  metallic  protoxides,  with  the  exception 
f  the  potash  family,  are  all  sparingly  soluble  or  insoluble  salts. 
Rie  iodate  of  lime  contains  water,  and  when  heated  affords  no 
odide  ofcaldum,  but  caustic  lime. 

fixed  adds,  which  have  little  affinity  for  water,  such  as  iodic 
dd,  appear  often  to  combine  in  several  proportions  with  oxides 
if  the  potash  family.  Tlie  ordinary  biniodate  of  potash  contains, 
[  find,  an  atom  of  basic  water,  but  at  a  high  temi^crature  it  is 
Bade  anhydrous,  and  then  a  salt  remains  containing  two  atoms 
if  add  to  one  of  potash.  Mr.  Penny  has  crystallized  a  biniodate 
nd  teriodate  of  soda,  both  anhydrous. 

Iodic  add  likeivise  combines  with  other  adds,  an  observation 
tf  Davy's,  which  was  disputed,  but  has  been  confirmed  by  Ber- 
■iios.*  These  are  compounds  which  generally  precipitate  in  a 
vjstalline  form,  when  another  acid  is  added  to  a  hot  and  con- 
sotnted  solution  of  iodic  add.  Compounds  of  sulphuric, 
tiftrie,  phosphoric  and  boradc  acids  with  iodic  add  were  formed 
7  Berzelius.  The  compound  with  sulphuric  acid  may  be  sub- 
ioied  without  decomposition.  When  vegetable  acids  are  dis- 
oWed  in  iodic  add,  they  are  immediately  decomposed  by  it, 
arbonie  acid  being  disengaged  with  effervescence  and  iodine 
ffedpitated. 

Hyperiodic  or  Periodic  acid^  I  O^.— This   acid,  which  was 

•  Tnivk  de  Cbiwie,  1. 1,  p.  212. 
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discovered  by  Magnus  and  AmmermuHer,  is  formed  by 
mitting  a  current  of  chlorine  through  a  solution  of  iodate 
Boda,  to  which,  at  least,  three  times  as  much  caustic  soda  1 
been  added  as  there  is   of  soda  in  the  iodate.     Two  salti  i 
formed,  the  chloride  of  sodium  and  a  hyperiodate  of  soda 
excess  of  soda,  which   is  sparingly  soluble,  and  precipitated  1 
nitrate  of  silver,  which  throws  down  a  sub-hyperiodate  of  ailf 
This  salt  may  be  washed,  and  afterwards  dissolved  in  nitric  i 
and   the  solution  evaporated  yields   orange-yellow  crystals 
neutral  hyperiodate  of  silver.     It  is  remarkable  that  when  i 
cr}'stals  are  thrown  into  water  they  are  decomposed,  the  wli 
oxide  of  sih^er  precipitating  with  half  the  hyperiodic  acid,  as  \ 
former  insoluble  sub-hyperiodate,  while  half  the  acid  is  dissob 
by  the  water  without  a  trace  of  silver,  and  obtained  in  a  i 
of  purity.     This  solution  %vhen  evaporated  affords  hyperio 
acid  in  crystals,    which    are    unalterable    in   the   air,  aad  I 
wliich  the  solution  in  water  is  not  changed  by  ebullition, 
solution,  treated  with  hydrochloric  acid,  affords  cldoriae 
iodic  acid,  water  being  formed.      Hyperiodic  acid  is  resoln 
into  oxygen  and  iodine  by  a  high  temperature. 

Hyperiodates. — Besides  neutral  salts  of  this  acid,  subsalts 
the  potash  family  exist  which  contain  two  of  base  to  one  of 
If  these  are  subsalts  they  are  unique,  as  no  true  subsalts  of 
potash  family  are  known.     But  it  is  more  probable  that  h; 
iodic  acid  forms  a  second  and  bibasie  clasa  of  salta,  to  wl 
they  belong.* 

Iodide  of  nitrogen, — Iodine  has  an  action  similar  txy  that 
chlorine  upon  ammonia,  and  forms  when  digested  in  a  solution 
that  substance,  an  insoluble  black  powder,  which  is  power 
detonating,  and   analogous  to  the  chloride  of  nitrogen* 
iodide  detonates  more  easily,  but  less  violently  than  the 
ridcj  always  exploding  spontaneously  when  it  dries.     Anol 
process  is  to  mix  a  great  excess  of  ammonia,  with  a  satural 
solution  of  iodine  in  alcohol,  and  aften**ards  to  add  water 
long  as  iodide  of  nitrogen  precipitates.      The  filter  with 
humid  precipitate  shoidd  be  divided  into  several  piecea,  o1 
wise  the  whole  may  explode,  at  once,   upon  drying.     The 
obscurity  hangs  over  the  composition  and  constitution 
iodide  as  the  chloride  of  nitrogen. 


FogfpndorfTs  AunaKn,  v(»L  v8,  p.  f^U. 
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When  caustic  soda  is  added  to  the  solution  of  iodine  in  aloo- 

I  or  wood-spirit,  a  yellow  substance  of  a  safiron  odour  preci- 

which  was  supposed  by  Mitscherlicli  to  be  the  periodide 

Fcarbon,  but  is  iodoform^  of  which  the  formula    is  C^H  I3. 

No  true  iodide  of  carbon  is  known. 

Mide  of  tulpkur^^-Thxs  compound  is  formed  by  fusing  to- 

ber  4  parts  of  iodine  and  1   of  sulphur.     It  has  a  radiated 

line  structure,  but  its  elements  are  easily  disunited,  the 

ne  escaping  entirely  from  this  compound  when  it  is  left  ex- 

in  the  air. 

YJodkieB   of  phosphorus, — Iodine    appears  to   combine    mth 

pborus  in  several  proportions,  when  they  are  brought  in 

:  and  slightly  heated.    In  all  these  combinations,  the  mass 

beeomes  Iiot  without  inflaming,  if  the  phosphorus  is  not  at  the 

1  time  in  contact  with  air.     One  part  of  phosphorus  with 

[l:f  and  20  parts  of  iodine  forms  fusible  solids,  which  may 

I  sublimed  without  change,    but  which   are    decomposed   by 

er,    all    of  them    yielding    hydriodic  acid,    and  the    first 

besides  phosphorus  and  phosphorous  acid,  the  second 

phosphorous  acid,  and  the  third  phosphoric  acid* 

Chlorides  of  iodine* — Chlorine  is  readily  absorbed  by  dry  iodine 

ind  perhaps  more  than  one  compound  formed.   Berzelius  forms 

finite  compound  by  distilling  a  mixture  of  1   part  of  iodine 

4  parts  or  more  of  chlorate  of  potash.     There  is  farmed  in 

retort,  a   mixture  of  iodate  and  hyperchlorate  of  potash, 

I  the  same  time  that  oxygen  gas  is  disengaged,  and  a  chloride 

fiodine  is  formed  which  condenses  in  the  receiver.     This  chlo- 

j  of  iodine  is  a  yellow  or  reddish  liquid,  of  an  oily  consistency, 

Ta  %harp  and  peculiar  odour,  and  of  a  taste  which  is  feebly 

but  very  astringent  and  rough.     It  is  soluble  in  water  and 

ohol ;  and  ether  extracts  it  from  its  aqueous  solution  unaltered, 

it  is  not  decomposed  by  solution  in  water.     It  is   sup- 

f  to  consist  of  single  equn-alents  of  chlorine  and  iodine.* 

en  iodine  is  completely  saturated  with  chlorine,  it  forms 

ipound  which  is  solid  and  yellowj  fusible  by  heat,    but 

i  cannot  be  sublimed  without  loss  of  chlorine.     It  fumes 

^lir  and  has  an  acrid  odour*     It  is  decomposed  by  water  and 

i  a  colourless  solution,  which  consists  of  liydrochloric  and 

Lacids.     This  proves  the  composition  of  this  iodide  to  be 


•  Berxeitua,  TriiU  dc  Cbimie,  t,  I,  p.  110» 
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I  CIg.     When  treated  in  the  dry  st4ite  with  anhydrous  alcoh 
etherj  tliese  menstrua  take  up  hydrochluric  acid  and 
of  iodine,  leaving  iodic  acid  white  and  pulverulent. 

Bromides  of  iodine, — Iodine  likewise  forms    two  bron 
which  are  both  soluble  in  water.     The  solution  bleaches  lit 
paper  without  first  reddening  it. 

SECTION    XIII. 
FLUORINE. 


Eg.  233.8  or  18,74;  F;  density  (hypoUieti4:al)  12M;| 

Tins  elementary  body  is  most  frequently  found  in  the  min 
kingdom  in  combination  with  calcium,  or  as  fluoride  of  calc 
which  constitutes  the   mineral,  fluor  spar,  and  exists  in 
quantity  in    amphibole,    mica   and  most  of  the  natural 
phates  \  a  trace  of  it  also  occurs  in  the  enamel  of  the  teeth| 
in  the  bones  of  animals*     Of  ail  bodies,  fluorine  appears  to  j 
sess  the  most  powerful  and  general  affinities,  and  to  be,  th 
fore,  the  most  difficult  to  isolate,  or  to  preserve  for  the  studj 
its  properties.     Indeed  we  have  hitherto   learned  little  ma 
fluorine  tlian  that  it  exists  and  may  be  Isolated.     Sever^ « 
compounds,  however,  are  of  less  diflicult  preparation  and  \ 
known. 

Sir  II.  Davy  made  several  attempts  to  isolate  fluorine, 
exposed  the  fluoride  of  silver  in  a  glass  tube  to  gaseous  chlo 
at  a  high  temperature,  and  found    that  chloride   of  silver 
produced,  and  fluorine  therefore  Uberated,  but  it  was  absorl 
and  replaced  by  oxygen,  which  it  disengaged  from  the  silica  I 
soda  of  the  glass.     When  Davy  repeated  the  same  experin 
in  a  platinum  vessel,  the  metal  became  covered  with  flu 
platinum.     He  proposed  afterwards  to  construct  vessels  <_ 
spar  for  the  reception  of  the  fluorine,  which  he  expected  I 
engage  from  the  fluoride  of  pliosphorus  by  burning  it  in  < 
gas;  but  he  does  not  appear  to  have  carried  this  project  into  I 
ecution,  and  it  is  to  be  feared  that  any  such  operation,  in  wl 
an  excess  of  chlorine  is  necessarily  employed,  would 
chloride  of  fluorine,  rather  than  pure  fluorine.     M.  Baud 
avoided  the  use  of  chlorine,  and  transmitted  the  volatile  \ 
of  boron  over  dcutoxido  of  lead  (minium)  in  an  ignited  ] 


HYDROFLUORIC  ACID.  395 

!&  Hsring  obCamed  a  gas,  supposed  to  be  fluorine,  which 
not  act  upon  glass,  mixed  with  much  oxygen,  he  substituted 
this,  another  opention  quite  analogous  to  the  usual  process 
chlorine.  Oil  of  vitriol  was  heated  upon  a  mixture  of  fluor 
r  and  peroxide  of  manganese,  in  a  glass  retort.  The  gaseous 
duct  was  believed  to  be  a  mixture  of  hydrofluoric  and  fluosi- 
i  acids  with  fluorine  vapour,  which  were  not  separated  from 
1  other,  but  the  latter  is  described  as  a  gas  of  a  yellowish 
im  colour,  having  an  odour  resembling  chlorine  and  burnt 
IT,  and  capable  of  bleaching.  Fluorine  did  not  act  upon 
a,  but  combined  at  once  with  gold.  The  Messrs.  Knox 
e  obtained  similar  results.*  But  more  than  one  skillful 
mist  of  name  has  been  less  fortunate  in  obtaining  indications 
ledsave  of  the  isolation  of  fluorine. 

l^^brqfiuorie  acid,  H  F.  Schwankhardt,  of  Nuremberg,  ob- 
red  in  1670,  that  it  was  possible  to  etch  upon  glass  by  means 
Inor  spar  and  sulphuric  acid,  but  it  was  not  till  1771  that 
ede  referred  this  action  to  a  particular  acid  which  sulphuric 
I  disengaged  from  fluor  spar.  Wenzel  first  obtained  tlie  true 
roAuoric  acid,  exempt  from  silica,  by  preparing  it  in  proper 
aOic  vessels,  the  acid  collected  by  Scheele  being  the  fluosi- 
s  and  not  the  hydrofluoric.  The  preparation  and  properties 
he  pure  acid  were  more  fully  studied  by  Gay-Lussac  and 
snard  in  1810.  It  was  then  known  as  fluoric  acid,  and  was 
posed,  according  to  the  doctrine  of  the  day,  to  contain  oxy- 
;•  The  idea  of  its  being  a  hydrogen  acid  was  first  suggested, 
m  years  afterwards,  by  M.  Ampere,  whose  views  in  dieore- 
1  chemistry  were  often  marked  by  much  acuteness  and  origi- 
ity.  The  view  of  Ampere  is  now  generally  assented  to,  al- 
ogh  firom  our  imperfect  knowledge  of  fluorine,  the  constitu- 
i  of  hydrofluoric  acid  does  not  rest  upon  the  same  indispu- 
le  evidence  as  that  of  hydrochloric  acid,  to  which  it  is  assimi- 

9rep0araium* — To  obtain  hydrofluoric  acid  anhydrous,  a  spe» 
mi  of  fluor  spar  is  selected  firee  firom  siliceous  minerals  and 
bdr;  this  is  reduced  to  an  impalpable  powder  and  distilled  by 
;entle  heat  in  a  retort  of  lead,  with  twice  its  weight  of  highly 
uentrated  oil  of  vitriol.    The  materials  become  viscid  and 

Undrimont,  Pbil.  Mag.  3rd  serici,  v.  10,  p.  149 ;  G.  J.  and  the  Rer.  T. 
tt,  lb.  vols.  9,  p.  107  ud  }2,  105. 
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swell  considerably,  and  an  acid  vapour  distils  over,  wh 
even  more  acrid  and  suffocating   than  chlorine,  and   produ 
severe  sores  if  allowed  to  condense  upon  the  hands  of  the  < 
rator.     This  vapour  is  received  in  a  flask  or  bottle,  likewia 
lead,  kept  cold  by  ice,  in  which  it  condenses  without   the 
sence  of  water.     The  acid,  thus  obtained,  may  be  preserved 
vessels  of  platinum  or  gold,  provided  with  stoppers  of  the 
metal  which  fit  accurately,  or  in  vessels  of  lead  formed  witl 
tin  solder,  tin  being  rapidly  acted   upon  by  hydrofluoric) 
If  the  solution  of  this  acid  in  water  is  required,  the  extremit 
the  leaden  tube,  from  the  retort,  may  be  allowed  to  touch  the  i 
face  of  water  in  a  platinum  crucible  or  capsule,  by  which  1 
acid  vapour  is  readily  condensed ;  and  the  dilute  acid  may'l 
preserved  without  much  contamination  in  a  glass  bottle,  wb 
has  been  previously  heated  and  coated  internally  with  nic 
bees-wax, 

Fluor  spar,  which  is  employed  in  this  operation,  is  the  i 
ride  of  calcium,  upon  which  the  action  of  hydrated  sulpha 
acid  is  similar  to  its  action  upon  chloride  of  sodium^  in 
hydrochloric  acid  is  produced.     Water  is  decomposed,  hfi 
hydrogen  and  oxygen  of  which,  the  fluorine  and  calcium  are  i 
verted  respectively   into  hydrofluoric  acid   and  lime f  and 
former  comes  off  as  vapour,  while  the  latter  remains  in  the  J 
as  sulphate  of  lime*     In  symbols : 

CaF  and  H  O.SOa  =  H  F  and  CaO,  SO^ 

Water  is,  therefore,  necessary  to  the  formation  of  hydroflu 
acid  in  the  process  given  for  its  preparation  ;  and  tlie  obsc 
of  M.  Kulilman,  that  anhydrous  sulphuric  acid  vapour 
action  upon  fluor  spar  at   a  high  temperature,  is   readily  l 
counted  for.     Did  fluor  spar  contain  an  oxygen  acid,   in  con 
nation  with  lime,  the  acid  should  be  equally  liberated  by  the  ( 
hydrous  or  hydrated  sulphuric  acid, 

Properties, — Anhydrous     hydrofluoric   acid  is    a 
fuming  and  very  volatile  liquid,  boiling  not  much  «bove 
and  which  does  not  freeze  at  4'**     Its  sp,  gr,,  whidi  is  iJ 
is  increased  to  1 .25  by  the  addition  of  a  certain  quantity  of  i 
for  which  it  has  an  intense   affinity.     Hydrofluoric  like  hyd 
chloric  acid,  dissolves  the  more  oxidable  metals  with  the  ei 
tion  of  hydrogen  gas.     Mixed  with  nitric  acid,  it  d'. 
niteJ  silicon  and  titanium,  with  disengagement  ofm 
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hat  that  add  miztnre  has  no  action  upon  the  noble  metals,  such 
II  gold  and  platinam,  which  are  dissolved  by  aqua  regia«  Se- 
loal  msolabk  add  bodies,  which  are  not  acted  on  by  sulphu- 
ic,  nitric  or  hydrochloric  add,  are  dissolved  with  facility  by 
ijdraflooric  add ;  such  as  silica,  titanic,  tantalic,  molybdic  and 
angstic  adds.  Water  is  then  formed  from  the  oxygen  of  these 
idds  and  the  hydrogen  of  hydrofluoric  add,  and  fluorides  of 
iBoDn  or  of  the  metals  of  the  acids  enumerated  are  likewise  pro- 
hoed  ;  which  fluorides  appear  to  combine  with  undecomposed 
lydrofluoric  add,  when  water  is  present.  This  add  destroys 
IIms  by  acting  upon  its  silica.  If  a  drop  of  the  concentrated 
dd  be  allowed  to  fall  upon  a  glass  plate,  it  becomes  hot,  enters 
Bto  ebullition  and  volatilises  in  a  thick  smoke,  leaving  the  spot 
ritfa  which  it  was  in  contact  deeply  corroded,  and  covered  by  a 
dute  powder  composed  of  the  elements  of  the  glass  excepting  a 
»rtion  of  the  silica,  which  has  passed  oflf  as  gaseous  fluoride  of 
JEoon. 

The  diluted  solution,  or  the  vapour  of  hydrofluoric  acid  is 
NNnetimes  used  to  etch  upon  glass.  The  purity  of  the  add  being 
if  little  moment  in  this  application  of  it,  the  sulphuric  acid  and 
hor  spar  may  be  mixed  in  a  stone-ware  evaporating  bason.  Tlie 
^Kn  is  warmed  sufficiently  to  melt  bees*  wax  rubbed  upon  it, 
ad  thereby  covered  with  a  coating  of  that  substance,  which  is 
lAerwards  removed  from  the  parts  to  be  etched,  by  a  pointed 
lod  of  lead  or  tin,  employed  as  a  graver.  A  gentle  heat  being 
q)|died  to  the  bason,  add  fumes  are  evolved  to  which  the 
Uriied  surface  of  the  glass  is  exposed  for  a  minute  or  two,  care 
bang  taken  not  to  melt  the  wax.  The  wax  is  afterwards  re- 
moved by  warming  the  glass,  and  wiping  it  with  tow  and  a  little 
d  of  turpentine,  when  the  exposed  lines  are  found  engraved  to 
i  depth  proportional  to  the  time  they  have  been  exposed  to  the 
icid  fumes.  But  in  taking  impressions  upon  paper  from  glass 
pkttt  engraved  in  this  way,  as  from  a  copper-plate,  they  are  too 
ipt  to  be  broken  from  the  pressure  applied  in  printing. 

To  detect  the  minute  quantity  of  hydrofluoric  add,  which 
easts  in  many  minerals,  Bcrzelius  recommends  that  the  sub- 
teoe  to  be  examined  be  reduced  to  fine  powder  and  mixed 
Vith  concentrated  sulphuric  add,  in  a  platinum  crudble  covered 
by  a  small  plate  of  glass,  waxed  and  engraved  as  described. 
Ilie  crudble  is  then  exposed  to  a  gentie  heat,  insuffident  to 
Kidt  the  wax,  and  in  half  an  hour,  the  ghss  pUte  may  be  removed 
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and  cleaned.     If  the   mineral  submitted  to  the  test  oonta 

fluorine,  the  desigii  will  be  perceived  upon  the  glass  j  whcoi 
quantity  of  fluorine,  however,  is  very  small,  the  engraving  < 
not  appear  immediately,   but  becomes  visible  on  passing 
breath  over  tire  glass.  The  presence  of  silica  in  the  mineral  in 
feres  with  Uais  operation,  but  an  indication  may  then  be  ohti 
by  heating  a  fragment  of  the  mineral  to  redness  upon  a  piece  of 
platinum  foil  slipt  into  a  glass  tube,  8  or  10  inches  in  kngtii  i 
open  at  both  ends.     The  tube  is  held  obliquely  with  tlie 
near  the  lower  end,  and  so  that  part  of  the  vapour  from  the  i 
passes  up  the  tube*    The  moisture,  thus  introduced,  carries  i 
the  gaseous  fluoride  of  silicon,  and  condenses  in  drops  iiij 
upper  part  of  the  tube.    Tliese  drops  when  afterwards  \ 
rated,  in  drjing  the  tube,  leave  a  white  spot,  which  cona 
silica,  coming  from  the  decomposition  of  the  fluoride  of 
by  the  water  with  which  it  condensed  (Berzelius).     Dr.  G.  (X 
Rees  has  lately  called  in  question  the  existence  of  fluorine  ifl 
bones,  which  he  finds,  contrary  to  the  general  opinion,  atot to. 
be  indicated  in  them  by  this  test. 

Fluoride  of  boron^  fiuoboric  acidy  B  F^. — ^This  compound 
gaseous,  and  is  obtained  when  dry  boracic  acid  is  brough 
contact  with  concentrated  hydrofluoric  acid  ;  when  boracic 
is  ignited  with  fluor  spar ;  and  most  conveniently  by  he 
together  in  a  glass  retort,  1  part  of  vitrified  boracic  acid,  2  d 
fluor  spar  and  12  of  concentrated  sulphuric  acid,  although  ihi* 
process  does  not  give  it  free  from  fluosUicic  acid.  The  reacUou 
by  which  the  fluoboric  acid  is  then  produced  may  be  thug  c^ 
pressed : 

3  CaF  and  BO3  and  SfHO.SOa)  =  3(CaO,S03)  and 

and  BF3. 

Fluoboric  gas  has  no  action  upon  glass,  and  may  be  < 
in  glass  vessels  over  mercury.     It  is  colourless^  but  pr 
thick  fumes  when  allowed  to  escape  into  the  atmosphere 
density  according  to  Dr.  J.  Davy  is   2371?  and  2312  accor 
to  Dumas,  who  finds  1  volume  of  this  gas  to  contain  \\  VQ 
fluorine.     Fluoboric  gas  is  not  decomposed  by  iron  and  tlii 
dinary  metals,  even  at  a  bright  red  heat,  but  on  the  coat 
potassium,  with  the  metals  of  the  alkalies  and  alkaline  < 
decomposes  it  at  a  red  heat ;  boron  is  Hberated  by  potaniii 
and  a  double  fluoride  of  boron  and  potasaiutu  al«o 
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iTaier  absorbs  flaoboric  acid  gas  with  the  greatest  avidity, 
titingnp,  according  to  J.  Davy,  7^0  times  its  volume,  which  in- 
creases its  bnlk  considerably  and  raises  its  density  to  1.77-  The 
nual  ready  mode  of  preparing  the  solution  of  this  acid,  is  to  dis- 
lohre  crystallized  boracic  acid  in  hydrofluoric  acid.  The  acid  is 
extremely  caustic  and  corrosive,  charring  and  destroying  wood 
tnd  organic  matters,  when  concentrated,  like  sulphuric  acid, 
probably  from  its  avidity  for  moisture. 

A  dilute  solution  of  fluoride  of  boron,  undergoes  spontaneous 
decomposition,  according  to  Berzelius,  depositing  one  fourth  of 
its  boTon  in  the  form  of  boracic  acid,  which  crystallizes  at  a  low 
(anperatare  ;  while  a  compound  of  hydrofluoric  acid  and  fluo- 
ride  of  boron  remains  in  solution,  which  he  terras  hjdrofluoboric 
md.  The  fluoride  of  boron  has  a  great  disposition  to  form 
doable  fluorides,  and  acts  upon  basic  metallic  oxides  like  the 
fcBawing  compound, 

of  siliconj  fluosilicic  acidj  Si  F3, — ^This  gas  is   ob- 
in  the  following  manner :    equal  parts  of  fluor  spar  and 
glass  or  quartzy  sand,  in  fine  powder,  are  mixed  in  a 
glass  flask  a  (figure  43),  to  be  used  as 
a  retort,  with    six   parts   of  concen- 
trated sulphuric  acid,  and  stirred  well 
together-      A   disengagement  of  gas 
immediately  takes  place,  and  the  mass 
swells  up  considerably,  so  that  the 
flask  must  be  capacious*  After  a  time, 
a  gentle  heat   is  required  to  aid  the 
operation.    Fluosilicic  gas  is  collected 
over  mercury.     In  its   physical  cha- 
racters it  resembles  fluoboric  gas.    Its 
is   3574  according  to  J.  Davy,  and  3600  according  to 
it  contains  twice  its  volume  of  fluorine.     In  transmits 
;  this  gas  into  water,  the  tube  must  not  dip  in  the  fluid,  for 
b  would  speedily  be  choked  by  the  deposition  of  sihca,  produced 
bjr  the  action  of  water  upon  the  gas.  In  the  arrangement  figured, 
db  extremity  of  the  exit  tube   is  covered  by  a  small  column  of 
laeroitry  wi,  in  the  lower  part  of  the  jar,  through  which  the  gas 
i  before  it  reaches  the  water  w.     Every  bubble  of  gas  ex- 
m  remarkable  phenomenon,  as  it   enters  the  water,  be- 
;  invested  with  a  white  bag  of  silica,  which  rises  to  the 


It  often  happens,  in  the  course  of  the  operation,  that 


Bas  i>een  aecomposaa  Dy  tne  water  ana  coitreixeo 

fluoric  add  and  silica.  The  hydrofluoric  acid  and  flai 
sihcon,  in  solution,  are  supposed  to  be  in  combination 
zelius,  forming  3HF-f2Si  F,,  which  is  termed  by  hini( 
fiuosilicic  acid.  When  this  liquid  is  placed  in  a  mo4 
warm  situation,  the  whole  of  it  gradually  evaporates, 
hydrofluoric  acid  reacting  upon  the  deposited  silica,  with 
tion  of  water ;  and  fluoride  of  silicon  is  re\nved. 

The  most  remarkable  property  of  the  fluoride  of  siliofl 
produce,  with  neutral  salts  of  potash,  soda  and  lithia, 
tates  which  are  gelatinousj  and  so  transparent,  as  to  be 
visible  at  first  in  the  liquor,  and  with  salts  of  barytes,  a  wl 
crystalline  precipitate,  vvhirh  appears  in  a  few  seconds, 
all  the  basic  metallic  oxides  decompose  this  acid,  when 
employed  in  excess  ;  separating  silica,  and  giving  rise  to 
fluorides.  When,  on  the  other  hand,  no  more  of  the 
applied  than  the  quantity  required  to  neutralize  the  free 
fluoric  acid,  combinations  are  obtained  with  all  bases,  wl 
analogous  to  double  salts;  consisting  of  a  metallic  fluoric 
bined  with  fluoride  of  silicon,  the  proportion  of  the  lutt^ 
taining  twice  as  much  fluorine  as  the  former.  The  fom 
one  of  these  compounds,  the  double  fluoride  of  silicon 
tassium,  is  2Si  Fg-f  3K  F,  and  those  of  other  metals  are 
The  ratio  of  2  to  3,  in  the  equivalents  of  the  two  fluorides 
form  these  double  salts,  is  unusual. 

Dr.  Clark,  to  whose  judgment  on  die  subject  of 
weights  I  would  greatly  defer,  considers  that  the  equ 
number  of  silicon  adopted  by  Berscelius  is  too  high  by  on^ 
and  should   be  reduced  from  277,31   to   184.67.     WU 
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itenoe,  by  SiF^+KF;  and  the  hydroflaosilicic  acid  of 
iaa,  by  Si  Fj+H  F.  Dr.  Clark  connects  vrith  this  an  in- 
ig  specoIaAion  respecting  the  constitution  of  these  salts, 
he  would  assimilate  to  the  ferrocyanide  of  potassium, 
ned  as  a  compound  of  ferrocyanogen  and  potassium, 
f  SK.  The  fluoride  of  silicon  and  potassium  may  be  viewed 
flune  way,  as  a  compound  of  a  salt-radical  containing  the 
ind  all  die  fluorine  of  the  salt,  with  potassium ;  that  is, 
K ;  a  view  which  accounts  for  some  salts  of  this  dass  not 
decomposed  by  potash,  and  which  is  fayoured  by  the  in- 
I  number  of  classes  of  salts,  which  appear  to  be  formed 
nilar  type. 

somUmttion  of  fluorine  with  oxygen  is  known^  nor  of 
:  with  nUrogen  or  carbon. 

rides  ofsu^hur  and  o{pho$phoru$  were  formed  by  Davy, 
Uing  the  fluoride  of  1^  or  of  mercury  with  sulphur  or 
orus,  in  platinum  vessels.  There  result  a  sulphuret  or 
oret  of  the  metal,  and  a  fluoride  of  sulphur  or  of  phos- 
which  volatilizes.  Both  of  these  compounds  present 
Ives  as  fuming  liquids.  The  fluoride  of  phosphorus  is  de- 
ed by  water,  hydrofluoric  acid  with  phosphorous  acid 
irmed;  it  is,  therefore,  a  terfluoride  of  phosphorus,  P  F,. 
ooride  is  capable  of  taking  fire  and  burning  in  air,  when 
esumed  that  phosphoric  add  is  produced,  and  gaseous 
I  wet  free,  which  diffiises  itself  in  the  atmosphere. 


CHAPTER  11. 

COMPOUNDS   OF   HYDROGEN. 

SECTION     I. 
HYDROGEN  AND  SULPHUR. 


'HUBKTTKD   HYDROGEN,    OT   HYDBOSULPOURIC    ACID  ; 

1.67  or  17.12;  SH;  density  1177;  QU. 

in  compounds  of  hydrogen  with  the  non-metallic  ele- 
lisve  been  reserved  for  separate  consideration,  which 
ot  be  introduced  with  advantage  at  an  earlier  period : 

D  D 
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namely,  the  coni|X>unds  of  hydrogen  with  sulphur 
selenium^  with  nitrogen  and  phosphorus,  and  with  carbon* 
With  sulphur,  hydrogen  forms  at  least  two  compounds^  one  ol 
which,  sulphuretted  hydrogen  gas,  is  a  reagent  of  frequent  ap- 
plicatiouj  and  considerable  importance. 

Preparation* — Of  those  metals  which  dissolve  in  dilute  sul- 
phuric acid,  with  the  displacement  of  hydrogen,  the  protosul* 
phurets  dissolve  also  in  the  same  acid,  but  the  hydrogen  then 
evolved  carries  oflf  sulphur  in  combination,  and  appeari 
sulphuretted  hydrogen  gas.  The  prtitosulphuret  of  iron,  wl 
is  commonly  employed  in  this  operation,  is  obtained  by 
ing  yellow  pyrites  or  bisulphuret  of  iron  of  a  portion 
sulphur  by  ignition  in  a  covered  crucible ;  or  formed  direct!]^  by 
exposing  to  a  low  red  heat  a  mixture  of  4  parts  of  coarse  sul 
and  7  of  iron  fihngs  or  borinjs  in  a  covered  stone- ware  or 
iron  crucible.  The  sulphuret  of  iron,  thus  obt^ned^  is  b 
into  lumps,  and  acted  upon  by  diluted  sulphuric  acid  in  a 
bottle,  exactly  as  zinc  is  treated  in  the  preparation  of  hydi 
gas  (page  25?).  Sulphuretted  hydrogen  is  evolved  without 
application  of  heat^  and  should  be  collected  over  water  at  SO^ 
90^;  or  if  collected  in  a  gasometer  or  gasholder,  the  latter 
be  filled  with  brine,  in  which  this  gas  is  less  soluble 
pure  water*  Sulphuretted  hydrogen  obtained  by  this 
generally  contains  free  hydrogen,  arising  from  an  interm 
of  metallic  iron  with  the  sulphuret.  The  gae  may  also 
evolved  from  the  action  of  hydrochloric  acid  upon  the  b 
of  iron,  but  as  it  is  then  impregnated  with  the  va 
acid,  and  may  also,  like  every  gas  produced  with  efferv 
carry  over  drops  of  fluid,  it  should  always  be  tram 
through  water,  before  being  applied  to  any  puri>ose  as  purt 
Tlie  reaction  by  which  sulphuretted  hydrogen  is  usually  evol 
is  expressed  in  the  following  equation  : 

Fe  S  and  H  O,  S  O3  ==  H  S  and  Fe  O,  8  O,. 

Sulphuretted  hydrogen,  without  any  admixture  of  free  hj 
is  obtained  by  digesting  in  a  flask,  used  as  a  retort,  with  %  \ 
heat,  sulphuret  of  antimony  in  fine  powder  with  concen 
hydrochloric  acid,  in  the  proportion  of  1  ounce  of  the  formi 
4  ounce  measures  of  the  latter.     The  gas  of  this  operaticm,  1 
being  passed  through  water  and  dried,  may  be  conai^ 
pure.     It  may  be  collected  over  mercury,  but  is  graduittf  1 
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composed  by  that  metal,  which  has  a  strong  affinity  for  sulphur, 
aad  hydrogen  is  liberated,  without  any  change  of  volume.  The 
nction  between  hydrochloric  acid  and  sulphuret  of  antimony 
■If  be  thus  expressed  : 

3  H  CI  and  Sb  S3  =  3  H  S  and  Sb  CI3. 

Properiiei. — Sulphuretted  hydrogen  is  a  colourless  gas,  of  a 
rtnongand  very  disagreeable  odour.  Its  density  is  1191.2.  by 
Ae  experiments  of  Gay-Lussac  and  Thenard.  It  consists  of 
2  Tdumes  of  hydrogen  and  l-3rd  vol.  of  sulphur  vapour,  con- 
dased  into  2  vols.,  which  form  its  combining  measure.  By  a 
pressure  of  17  atmospheres  at  50*,  it  is  condensed  into  a  higlily 
bqnd,  colourless  liquid,  of  sp.  gr.  0.9,  which  is  of  peculiar  inte- 
lertas  the  analogue  of  water  in  the  sulphur  series  of  compounds* 
The  solvent  powers  of  this  liquid  have  not  been  examined. 
The  air  of  a  chamber  slightly  impr^nated  by  this  gas  may  be 
lequred  without  injury,  but  a  sinall  quantity  of  the  undiluted 
ps  inspired  occasions  syncope,  and  its  respiration,  in  a  very 
■oderate  proportion,  was  found  by  Thenard  to  prove  fatal — 
bods  perishing  in  air  containing  l^lSOOth,  and  a  dog,  in  air  con- 
l-800th  part  of  this  gas.  Water  dissolves,  at  64%  2| 
of  this  gas,  and  alcohol,  6  volumes.  These  solutions 
become  milky,  when  exposed  to  air,  the  oxygen  of  which 
combines  with  the  hydrogen  of  the  gas,  and  precipitates  the 
nlphur.  Those  minend  waters  termed  sulphureous,  contain 
ftisgas,  although  rarely  in  a  proportion  exceeding  1^  per  cent 
cf  Adr  volume.  They  are  easily  recognised  by  their  odour, 
>id  by  blackening  silver. 

Sulphuretted  hydrogen  is  highly  combustible,  and  bums  with 
Apsle  blue  flame,  producing  water  and  sulphurous  acid,  and 
Senerally  a  deposit  of  sulphur  when  oxygen  is  not  present  in 
Qeess.  A  little  strong  nitric  acid  thrown  into  a  bottle  of  this 
gM,  occasions  the  immediate  oxidation  of  its  hydrogen,  and  often 
ailight  explosion  with  flame,  when  the  escape  of  the  vapour  is 
ttipeded  by  closing  the  mouth  of  the  bottle  by  the  finger.  Sul- 
plnintted  hydrogen  is  immediately  decomposed  by  chlorine, 
Wnine  and  iodine,  which  assume  its  hydrogen  ;  the  odour  of 
■dphuretted  hydrogen  in  a  room  is  soon  destroyed,  on  diffusing 
*lMe  chlorine  through  it.  Tin  and  many  other  metals,  heated 
Matins  gas,  combine  with  its  sulphur  with  flame,  and  liberate  an 
*Tm1  vdnme  of  hydrogen.    Potassium  decomposes  one  moiety 
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form  salts  with  basic  oxides,  but  it  unites  with  basic  sil 
such  as  sulphuret  of  potassium,  and  forms  compoua 
are  strictly  comparable  with  hydrated  oxides,  Whei 
retted  hydrogen  is  passed  over  lime  at  a  red  heat,  bi 
pounds  are  decomposed,  and  water  with  sulphuret  of  a 
formed.  The  oxides  of  nearly  all  the  metallic  salts^ 
dry  or  in  a  state  of  solution,  are  decomposed  by  sul| 
hydrogen  in  a  similar  manner.  But  in  those  salts,  of  n 
metallic  sulphurets  are  dissolved  by  acids,  such  as  salt| 
zinc  and  manganese,  a  small  quantity  of  a  strong  acil 
prevents  precipitation.  These  sulphurets  are  generally « 
and  many  of  them  are  black  5  hence,  the  effect  of  sulj 
hydrogen  in  blackening  salts  of  lead  and  silver,  whua 
these  compounds  so  sensitive  as  tests  of  the  presend 
substance-  Sulphuretted  hydrogen  also  tarnishes  certai 
such  as  gold,  silver  and  brass,  so  that  utensils  of  wh 
metals  are  the  basis  should  not  be  exposed  to  this  gas, 
Persuipkuret  of  hydroytn. — ^When  carbonate  of  p 
fused  ^-ith  half  its  weight  of  sulphur,  a  sulphuret  of  p 
is  formed  containing  a  large  excess  of  sulphur,  which^ 
solution  in  water  of  an  orange  red  colour.  The  protoq 
of  potassium,  \rith  hydrochloric  acid,  gives  sulphurettl 
gen  and  chloride  of  potassium :  H  CI  and  K  S  =^  H  S  ^ 
But  when  the  red  solutioa  of  persulphuret  of  pQt| 
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and  no  pennlphuret  of  hydrogen  is  formed.  The  oily  fluid  pro- 
dued  by  the  first  mode  of  mixing  has  considerable  analogy  in 
iti  properties  to  the  peroxide  of  hydrogen,  and  appears,  like 
diit  compound,  to  have  a  certain  degree  of  stability  imparted 
Id  it  by  contact  with  adds,  while  the  presence  of  alkaline  bodies 
a  the  contrary,  give  its  elements  a  tendency  to  separate. 

Thenard  has  observed  other  points  of  analogy  between  these 
Dmpounds.  Like  peroxide  of  hydrogen,  the  persulphuret  pro- 
bees  a  white  spot  upon  the  skin.  The  latter  compound  is  also 
BMdved  into  sulphuretted  hydrogen  and  sulphur  by  all  the 
odies  which  effect  the  transformation  of  the  former  into  water 
nd  oxygen,  such  as  charcoal  powder,  platinum,  iridium,  gold, 
anndde  of  manganese,  and  the  oxides  of  gold  and  silver,  which 
iioi  the  persulphuret  is  dropt  upon  them,  are  decomposed  in 
B  instant^  and  even  with  ignition.  The  persulphuret  of  hydro- 
n  nndei^goes  spontaneously  the  same  decomposition,  even  in 
«D  dosed  bottles,  which  are  apt,  on  that  account,  to  be  broken, 
tis  sohible  in  ether,  but  the  solution  soon  deposits  crystals  of 
i^nr.  Thenard  finds  this  body  not  to  be  uniform  in  its 
imposition,  the  proportion  of  sulphur  often  exceeding  consi- 
oiUy  2  proportions  to  1  of  hydrogen.  The  oily  fluid  may, 
hcrefbrey  be  sometimes  one  and  sometimes  another  compound 
f  sulphur  and  hydrogen.* 

SECTION   II. 
HYDROGEN  AND  SELENIUM. 

Sdemretted  hydrogen^  H  Se. — One  compound  of  these  clc- 
wnts  is  known,  which  is  obtained  by  processes  similar  to  those 
liesdy  described,  and  possesses  considerable  analogy  to  sul- 
luuetted  hydrogen.  It  is  a  colourless  gas,  soluble  in  water, 
nd  readily  decomposed  by  the  conjoint  action  of  water  and  air, 
idi  precipitation  of  selenium.  All  metallic  solutions,  even 
MM  of  zinc  and  iron,  when  neutral,  are  precipitated  by  solution 
f  tdeniuretted  hydrogen,  and  tiie  metallic  selcniurets  are  gene- 
Jly  black  or  dark  brown,  with  the  exception  of  those  of  zinc, 
>«nganese  and  cerium,  which  have  a  flesh  colour.  The  odour 
f  this  gas  is  exactiy  similar  to  that  of  sulphuretted  hydrogen, 
Qtit  was  found,  by  Berzelius,  to  exercise  so  violent  an  action 

•  Ao.  de  Ch.  etde  Ph.  t.  48,  p.  79. 
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upon  the  respiratory  organs,  as  to  make  the  inspimtion  i 
even  in  a  highly  diluted  state,  a  most  painful  and  even 
rous  experiment  (Trait^,  L  340), 

SECTION     IIL 

HYDROGEN    AND    NITROGEN, 
AMFDOGEN. 

Eq,  202  or  \B.9  \  NHj  or  Ad;  not  uolable. 

Hydrogen  and  nitrogen  do  not  combine  directly,  but  th 
compounds  of  these  elements  are  generally  admitted  to  \ 
only  one  of  which,  however,  ammonia,  can  be  obtained  in 
separate  state.      It  is  even  highly  probable  that  amidogeu  is  I 
only  direct  combination  of  these  elements,  and  that  the  olb 
two  are  compounds    of  amidogen  \^  ith  hydrogen.     These  cofl 
pounds  are — 


Amidogen     • 
Ammonia 
Ammonium  * 


NHj.  . 
NH^  +  H 
NH3  +  2H 


Judging  from  the  nature  of  tiie  combinations  in  which  1 
dogen  is  found,  it  appears  to  be  a  compound  of  the  salUr 
class,  in  which  it  occupies  a  low  place^  superior  to  oxygen,! 
considerably  inferior  to  chlorine,  or  perhaps  even  sulphur* 
white  precipitate  of  phannacy,  formed  on  adding  ammunin  t 
solution  of  chloride  of  mercury,  is  a  body  in  which  amidogeia  ^ 
proved  to  exist  by  the  analysis  of  Dr,  Kane,  which  has  been  \ 
peated  and  confirmed  by  Ullgren.  The  term  amirfc  being  app 
to  combinations  of  amidogen,  and  the  symbol  Ad  assigned  Col 
Tvhite  precipitate  is  a  compound  of  chloride  of  mercury^ 
amide  of  mercury,  and  is   expressed  by  HgCl-f-HgAd. 
Kane  has  also  shown  that  the  black  compound  obtained 
w^ashing  calomel  or  subchloride  of  mercury  with  ammonia^ 
corresponding  combination  of  subchloride   with   stibamide^ 
mercury,  Hg^Cl  +  HggAd ;  and  he  has  ascertained  the 
of  amidogen  in  a  variety  of  other  mercurial  compounds, 
it  is  to  he  observed   of  the  metallic  combinations  of  1 
that  those  which  have  been  certainly  established  are  confin 
that  metal,  and  also  that  amides  of  mercury  hare  never  I 
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obtuned  in  a  separate  state,  but  always  in  combination  with 
another  mercurial  salt.  The  idea  was  thrown  out  by  Dumas, 
that  the  explosiye  compounds  of  nitrogen  might  contain  ami- 
dogei),  and  the  same  view  has  been  applied  to  the  fulminating 
compounds  produced  by  the  action  of  ammonia  upon  the  oxides 
of  silver  and  gold;  but  these  views  have  not  yet  l>een  fully 
yerified  by  analysis. 

Potassium,  heated  in  ammoniacal  gas,  N  II3,  disengages 
hydrogen,  as  when  it  acts  upon  water.  If  ammonia  were  then 
I  simply  reduced  to  the  state  of  amidogen,  4  volumes  of  the  for- 
mer should  be  decomposed  to  evolve  2  volumes  of  hydrogen; 
bat  in  the  numerous  experiments  of  Gay-Lussac  and  Thenard, 
never  more  than  3k  volumes  of  ammonia  were  required  to  fur- 
msh  2  volumes  of  hydrogen,  and  consequently  a  small  portion 
of  the  hydrogen  must  be  furnished  by  the  decomposition  of 
Mnidogen  itself.  The  compound  of  potassium,  which  is  a  fusible 
lolid  matter  of  an  olive-green  colour,  likewise  contains  unde- 
composed  ammonia,  llie  basis  of  it  is,  probably,  a  coniix)und 
of  potassium  and  amidogen,  but  its  constitution  is  very  pro- 
blematical. Ever  since  the  formation  of  this  compound,  by 
Davy  and  the  chemists  named  above,  the  existence  of  such  a 
body  as  amidogen  has  been  a  floating  speculation  among  che- 
mists. But  it  was  first  fixed  and  distinctly  enunciated  by 
Dumas,  in  his  theory  of  the  antides,  in  reference  to  a  class  of 
compounds  of  which  he  is  the  discoverer. 

Ojeamuky  N  Hq,Cq02. —  When  oxalate  of  ammonia  is  decom- 
posed by  heat,  a  white  insoluble  sublimate  is  obtained,  which 
was  termed  oxamide  by  Dumas,  and  viewed  as  a  combination  of 
amidogen  and  carbonic  oxide,  N  ll^yC^O^ ;  being  formed  by  the 
abstraction  of  the  elements  of  two  atoms  of  water  from  oxalate 
of  ammonia,  of  which  the  formula  is  N  H4O,  C^Oj.  When 
oxamide  is  boiled  with  an  alkali  or  with  an  acid,  tlie  two  atoms 
of  water  are  again  assumed,  and  oxalic  acid  with  ammonia  repro- 
duced.  Similar  amides  may  be  formed  from  other  organic  acids. 

Su^hatnide,  N  H^,  S  O^. — This  is  a  compound  exactly  analo- 
gous to  oxamide,  containing  the  radical  sulphurous  acid,  S  O^, 
inttead  of  C^O,,  in  combination  with  amidogen.  Sulpliamidc 
vas  formed,  by  Regnault,  by  the  action  of  dry  ammonia  upon 
dilorosulphuric  add,  when  2  equivalents  of  ammonia  and  1  of 
ddorosulphuric  acid  become  sulphamide  and  hydrochlorate  of 
^monia  : 


m 


COMPOUNDS  OF  HYDROGEN. 


2N  H3  and  S  O^  CI  ^  N  Hj,  S  O3  and  N  H„  CL 

M-  Regnault  did  not  succeed  completely  in  separating  sul 
amide  from  the  hydrochlorate  of  ammonia;  these  bodies  are 
nearly  equally  soluble,  both  in  water  and  alcohol,  and  se] 
very  imperfectly  by  crystatlizatioa,      Sulpliaraide  has  a 
attraction  for  moisture,  and  quickly  deliquesces  in  the  s 
which  respect  it  differs  completely  from  the  product  NH3, 
resulting  from   the   combination  of  anhydrous   sulphuric 
with  dry  ammoniacal  gas,  and  which  some  chemists  have  viewed 
as  a  hydrated  sulpliamidej  N  H^,  S  O^  +  H  O.      The  solutioi 
sulphamide,  in  water,  does  not  undergo  any  spontaneous  chai 
a  solution  even  acidulated  with  hydrochloric  acid  and 
with  chloride  of  barium,  in  a  close  vessel,  was  not  sensibly 
turbed  by  the  formation  of  sulphate  of  barytes  in  the  cou 
a  month.      But  at  the  boiling  point,  sulpharaide  changes  slo' 
into  the  ordinary  sulphate  of  ammonia  by  the  dxation  of 
elements  of  water  ;  and  the  presence  of  a  strong  acid  fai 
that  transformation* 

Carhamide^  N  H^,  C  O. — Chlorocarbonic  ^s  (page  37S) 
denses  ammoniacal  gas,  fonning  a  compound  which  hashithi 
been  viewed  as  a  chlorocarbonate  of  ammonia,  2N  HjH-C  O, 
but  which  M,  Regnault  finds  to  be  a  mixture  of  carbamide 
hydrochlorate    of  ammonia,    N  Hg,  CO  and  N  11^,  C 
compound  is  not  deliquescent,  dissolves  easily  in  water  and  ifl 
alcohol  slightly  diluted.      Carbamide    is   not   decomposed 
acetic  or  oxalic  acid,  nor  by  the  strongest  acids  if  diluted, 
concentrated  nitric  acid  occasions  the  evolution  of  carbonic 
Its  solution  is  not  disturbed  by  chloride  of  barium.     The 
ments  of  urea,  N^H^,  C^O^,  are  the  same  as  those  of  car" 
but  the  equivalent  of  the  former,  inferred  from  its  capacity 
saturation  as  an  organic  base,  is  double  that  of  the  latter.* 


AMMONU. 
Eq.  214,48  or  \1A0\  NH3  or  HAdj  density  591,5; 


Ammonia  is  a  volatile  alkali,  which  derives  its  name  from  \ 
ammoniac,  a  salt  from  which  it  is  generally  extracted,  and  wltid 
received  its  title  from  being  first  prepared  in  the  district  | 

•  Rcgnaull,  Aa.deCli.  *>l  de  l*k,  u  69,  p.  IgQ. 
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Dmoiua,  in  Libya.  It  is  produced  in  the  destnictiye  distiUa^ 
n  of  all  oig^nic  matters  containing  nitrogen,  which  has  given 
e  to  one  of  its  popular  names,  the  spirits  of  hartshorn.    It  is 

0  produced  during  the  putrefaction  of  the  same  matters  in 

1  atmosphere.  In  the  mineral  kingdom,  it  appears  often  to 
ibrmed  in  oxidation,  when  effected  by  the  simultaneous  ac- 
D  of  air  and  water,  as  in  the  rusting  of  iron,  and  a  trace  of  it 
ilways  found  in  the  native  oxides  of  iron,  in  the  varieties  of 
f,  and  in  some  other  minerals. 

Preparation. — In  a  state  of  purity,  ammonia  is  a  gas,  of  which 
!  Squor  or  aqua  ammonia  is  a  solution  in  water.  This  solu- 
I,  which  is  of  constant  use  as  a  reagent,  is  prepared  by  mixing 
tmatdy  sal  ammoniac  (hydrochlorate  of  ammonia)  with  an 
■1  weight  of  slaked  lime,  and  distilling  the  mixture  in  a  glass 
art,  by  the  diffused  heat  of  a  chauffer  or  sand-pot.  Ammo- 
Gsl  gas  comes  off,  which  should  be  passed  through  a  small 
mtity  of  water,  to  arrest  a  little  dust  of  lime  that  is  carried 
Dg  with  it,  and  afterwards  be  conducted  into  a  quantity  of 
tiDed  water,  to  condense  it,  equal  to  the  weight  of  the  salt 
ployed.  Chloride  of  calcium  and  the  excess  of  lime  remain 
die  retort,  and  a  considerable  quantity  of  water  is  liberated 
die  process,  and  distils  over  with  the  ammonia.  This  impor- 
ik  reaction  is  explained  in  the  following  diagram  : 

PROCESS  FOR  AMMONIA. 
Are  deeoopositioD.  After  decomposition. 

'Ammonia  2i4i 2144  Ammonia. 

Hydrogen    12i>v^^ 

Chlorine    442  ^^'^^^ 

Oxygen  .  100     ^^v^ll2i  Water. 

Calcium  .  256  -^698    Chloride  of 

calcium. 

IS  1025  1025 

m  symbols  :  N  H^,  CI  and  CaO  =  N  H3  and  H  O  and  CaCl. 

Po  obtain  ammoniacal  gas,  the  solution  prepared  by  the  pre- 
iiU(  process  may  be  boiled  by  a  gentle  heat,  when  the  gas  is 
t  expelled  from  its  superior  volatility ;  or  the  gas  may  be 
iTcd  at  once  from  sal  ammoniac,  mixed  with  twice  its  weight 
picklime  in  a  small  retort,  and  collected  over  mercury. 
^^nperiies. — ^Ammonia  is  a  colourless  gas,  of  a  strong  and 


69  Hydrochlorate 
of  ammonia 

S6Lime     .    . 
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pdQgent  odour,  familiar  in  spirits  of  hartshorn.     It  is  coi 
of  2  volumes  of  nitrogen  and  6  of  hydrogen,  condensed 
vols,,  wliich  form  the  combining  measure  of  this  gas*   All 
is  resolved  into  its  constituent  gases^  in  these  proportioni 
transmitted  through  an  ignited  porcelain  tube  contminingj 
copper  wire,  while  the  metal,  at  the  same  time,  becomes' 
and  is  supposed  by  Despretz  to  absorb  nitrogen,  althoU 
is  doubtful.    By  a  pressure  of  ii.5  atmospheres,  at  50*,  it 
densed  into  a  transparent  colourless  liquid,  of  wliich  thi 
is  about  0.76<     Ammoniacal  gas  is  inflammable  in  air  i| 
degree,  burning  in  contact  with  the  flame  of  a  taper.   < 
ture  of  this  gas  with  an   equal  volume  of  nitrous  oxidft 
detonated  by  the  electric  spark,  and  affords  water  and  n 
Water  is  capable  of  dissolving  several  hundred  times  ita 
of  ammoniacal  gas,  and  the  solution  is  always  specifically; 
and  has  a  lower  boiling  point  than   pure  water.     AooOj 
the  observations  of  Davy,  solutions  of  sp,  gr»  0.87:2,  0.9< 
0,9692   contain  respectively  32.5,  25,3/  and  9,5  per 
ammonia.     Ammoniacal  gas  is  also  largely  soluble  in  al< 

Solution  of  ammonia  has  an  acrid  alkaline  taste^  ol 
duces  blisters  on  the  tongue  and  skin,  Wheni 
slowly  to  — 40",  it  crystallizes  in  long  needles  of  a  silk 
lire  solution  has  a  temporary  action  upon  turmeric  pape 
it  causes  to  be  brown  while  humid  ;  it  also  restores  \ 
colour  of  litmus  reddened  by  an  acid,  changes  the  blu 
of  the  infusion  of  red  cabbage  into  green,  and  neutra 
strongest  acid.s,  properties  which  it  possesses  in  com 
the  fixed  alkalies.  When  ammonia  is  free,  it  may  i 
detected  by  its  odour,  by  forming  dense,  white  fujt 
hydrochloric  acid,  and  Ijy  forming  a  deep  blue  solut 
salts  of  copper. 

Ammonia,  in  solution,  is  decomposed  by  chlorine,  with 
lution  of  nitrogen  gas  and  formation  of  hydrocldorate  of  ai| 
when  ammonia  and  chlorine,  botli  in  the  state  of  gas,  m 
together,  the  action  that  ensues  is  attended  with  flam 
iodine  absorbs  ammoniacal  gas,  and  forms  a  brown  xiMM 
(page  388),  which  water  decomposes,  dissolving  out  by 
of  ammonia,  and  lea\Hng  a  black  powder,  which  is  the  fil 
iodide  of  nitrogen* 

The  consideration  of  ammonia,  as  a  compound  of  m 
and  hydrogen,  was  involved  in  the  explanation  given  bj 
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rf die  fimnation  of  oxamide  and  other  amides ;  but  ammonia 
m  first  folly  studied  nnder  this  point  of  yiew  by  Dr.  Kane,  in 
b  dsboralie  and  yahiable  paper  on  the  compounds  of  ammonia 
ktolj  pablished.*  He  has  there  successflilly  illustrated  the 
I  of  the  two  following  classes  of  ammoniacal  compounds, 
f,  those  of  ammonia  with  dry  acids,  and  with  anhydrous 


dimmoMJa  and  anhydrofUB  (Meygen  acidi. — Ammoniacal  gas  is 
condensed  by  dry  carbonic  acid  gas,  sulphurous  acid,  anhydrous 
SBlplioric  acid,  &&,  and  saline  compounds  are  formed  which  are 
aot  to  be  confounded  with  the  ordinary  salts  of  ammonia,  these 
eontuning  ammonium.  The  class  of  salts  in  question  has  been 
■iinitety  studied  by  Rose.f  Ammonia,  or  the  amide  of  hydro- 
gm  being  viewed  by  Dr.  Kane  as  a  weak  base,  like  water  or  the 
aide  of  hydrogen,  these  salts  are  compared  by  him  with  hy- 
dnted  adds  or  salts  of  water.  They  are  the  true  salts  of  am- 
nmia  as  a  base. 

With  carbonic  add  ammonia  combines  only  in  the  proportion 
of  single  equivalents,  or  4  vols,  of  ammoniacal  gas  with  2  vols, 
of  cnbonic  add.  This  carbonate  of  ammonia  is  a  light,  white, 
ivy  volatile  powder,  of  a  strong  ammoniacal  odour,  in  the 
npour  of  which  the  constituent  gases  are  united  without  con- 
faisation.  The  density  of  this  vapour  is,  therefore,  902.  This 
oompound  exists  in,  and  is  the  cause  of  the  strong  odour  of  the 
lading  salts,  or  carbonate  of  ammonia  of  the  shops.  By 
mter  it  is  decomposed,  and  resolved  into  free  ammonia  and  the 
bicarbonate  of  the  oxide  of  ammonium. 

With  sulphurous  add  gas,  ammonia  condenses  in  two  propor- 
tions :  namely,  4  vols,  of  ammonia  with  2  and  4  vols,  of  sul- 
phurous add,  forming  a  neutral  sulphite  and  a  bisulphite  of 
immonia.  The  neutral  salt  attaches  itself  to  the  sides  of  the 
lOttel  in  which  the  gases  are  mixed  as  a  solid  crust,  or  in  fea- 
diery  orjrstals  of  a  reddish  yellow  colour.  It  rapidly  absorbs 
Aobture  from  the  air,  becomes  white,  and  changes  into  the 
ientral  sulphite  of  the  oxide  of  ammonium. 
With  anhydrous  sulphuric   add,  ammonia  appears  also  to 

*  TransacUoot  of  the  Royal  Irish  Academy,  toI.  19,  pt.  I. 
T  Ob  the  CorobinatioBt  of  Ammonia  with  Carbonic  Acid  ;  Taylor*!  Scientific 
Meowany  toL  2,  p.  98  t 
Snr  1e  Sulfate  anhydre  d*Ammoniaque,  An.  de  Ch.  ct  de  Fh.  t.  62,  p.  389. 
Snr  le  Sulfite  anhydre  d'Amrooniaque,  lb,  p.  407* 
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circum- 


forin  two  combinations,  only  one  of  which,  however,  the  neuti 
sulpl)ate  of  ammonia,  has  been  obt^ned  in  a  definite  sti 
ITiis  salt  appears  to  dissolve  in  water  without  decompositid 
and  neither  of  its  constituents  is  immediately  affected  or  1 
precipitated  by  tlie  reagents  which  usually  have  tliat  effi| 
Thus  chloride  of  strontium  and  chloride  of  calcium  do  not  ( 
turb  its  solution  for  several  hours  ;  chloride  of  platinum  pr 
pitatesj  at  first,  only  a  small  portion  of  the  ammonia,  and  chl 
of  barium,  a  small  portion  of  the  sulphuric  acid  of  the  salt. 
boiling,  its  solution  is  gradually,  but  never  completely  cont 
into  the  ordinary  sulpliate  of  the  oxide  of  ammonium,  andl 
conversion  seems  always  to  precede  the  action  of  the  ; 
mentioned  upon  it.     But,  as  Dr.  Kane  remarks,  this  sulph 
of  ammonia  contains,  on  the  binary  theory  of  salts,  a  pe 
salt-radical,  S  O3,  N  H^,  and  not  S  O^  united  with  H  ;  so  tlia 
salt-radical  is  not  necessarily  precipitated  in  the  same  circum- 
stances as  tlie  salt- radical  of  a  sulpliate. 

Ammonia  with  anhydrous  salts* — AmmonSacal  gas  is  absoii 
by  many  anhydrous  salts,  and  easily  expelled  from  se^ 
them  again  by  heat.  These  combinations  have  also  been  mo 
fully  examined  by  Hose,*  In  many  of  them,  the  ammonia  ap- 
pears to  discharge  a  function  analogous  to  that  of  water  of 
crystallization  in  salts,  a  function  which  is  in  accordance  ' 
its  constitution  as  an  amide  of  hydrogen.  The  salt  gene 
rises  in  temperature  during  the  absorption  of  the  gas,  and  1 
a  bulky  light  powder.  Sulphate  of  manganese  absorbs  2  1 
valents  of  ammonia,  sulphate  of  zinc  2i,  sulphate  of  copper  1 
sulphate  of  nickel  3  equivalents,  sulphate  of  cobalt  and  sulph 
of  cadmium  also  3,  sulphate  of  silver  1  equivalent,  nitmti 
silver  absorbs  3  equivalents,  chloride  of  calcium  and  chlorid 
strontium  absorb  4  equivalents,  chloride  of  copper  3,  chlorid 
cobalt  2,  chloride  of  lead  Jths  of  an  equivalent,  chloride  of  i 
ver  1 1,  subchloride  of  mercury  and  cUoride  of  mercury  J  1 
iodide  of  mercury  1  eq.  In  some  of  these  salts,  the  ammo 
more  intimately  combined  than  in  others ;  the  compound  ( 
chloride  of  mercury  with  ammonia,  for  instance,  may  bej 
limed  without  decomposition,  while  the  compound  with  i 
of  mercury  loses  all  its  ammonia  by  exposure  to  the  air;  and! 
some  salts,  one  poition  of  ammonia  is  retained  more  ; 
than  the  rest  j  this  I  found  to  be  the  case  with  half  an  cqaiK 

♦  An.  de  Ch.  ct  de  Ph.  t.  62,  p.  308. 
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lent  in  sereral  of  die  sulphates,  and  with  a  whole  equivalent  in 
■feral  of  the  chlorides  of  the  magnesian  family. 

Ammoniated  salts,  closely  related  to  the  preceding,  are  often 
cbtiined  on  transmitting  ammoniacal  gas  through  a  strong  solu- 
tion of  such  salts  as,  in  tlie  dry  state,  combine  with  ammonia. 
Kitrate  of  silver  crystallizes  with  two  atoms  of  ammonia  (6. 
Uticherlich) ;  nitrate  of  copper,  with  two  also,  and  no  water 
(Erne) ;  sulphate  of  copper,  with  two  ammonia  and  one  water ; 
ddorides  of  copper  and  zinc,  with  the  same  (Kane). 

AMMONIUM. 

Eg.  226.96  or  18.19;  NH4  or  H^Ad;  not  isolable. 

A  compound  radical  consisting  of  ammonia  with  an  additional 
itom  of  hydrogen,  was  first  supposed  to  exist  in  the  ordinary 
■Iti  of  ammonia  by  Berzelius,  and  termed  ammonium.  This 
body  has  never  been  insulated,  but  is  supposed  to  appear,  in  a 
eertiin  experiment,  in  combination  with  mercury,  and  possessed 
of  the  metallic  character  (page  176).  It  is  not  necessary,  how- 
ever, that  ammonium  be  a  metal  to  be  admitted  as  a  basyle. 
Old  its  existence  is  now  generally  rested  upon  evidence  of  a 
dUinent  nature.  The  compounds  of  ammonium  are  always 
strictly  isomorphous  with  the  corresponding  compounds  of  po- 
tMium* 

CUoride  o/ammoniumf  hydrochhrate  or  muriate  0/  ammonia, 
9dgmmoniac,  N  H4,  CI. — ^This  salt  is  formed  when  ammonia 
ii  aeotralixed  by  hydrochloric  acid ;  N  H,  and  H  CI  =  N  H^,  CI. 
Itb  prepared  in  large  quantity  from  the  ammoniacal  liquor 
olitained  in  the  distillation  of  bones,  in  the  manufacture  of 
numal  charcoal,  and  from  the  liquor  which  condenses  in  the 
datillation  of  coal  for  gas.  These  liquors  contain  ammonia 
principally  in  the  state  of  carbonate  and  hydrosulphuret,  which 
Qtj  be  converted  into  chloride  of  ammonium  by  the  addition 
^hydrochloric  acid.  The  salt  is  purified  by  crystallization,  and 
Vibhnied  in  vessels  of  iron  or  earthenware,  in  the  upper  part  of 
^'hicli  it  condenses  and  forms  a  solid  cake,  the  condition  in 
^hidi  sal  ammoniac  is  always  met  with  in  commerce. 

Sal  ammoniac  is  tenacious  and  difficult  to  reduce  to  powder ; 
1^  ip.  gr.  is  1.45.  It  has  a  sharp  and  acrid  taste,  and  dissolves 
^  2.72  parts  of  cold,  and  in  an  equal  weight  of  boiling  water ;  it 
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is  also  soluble  in  alcohol.    It  generally  crystallizes  from  solatia 
in  feathery  crystals^  which  are  formed  of  rows  of  minute  i 
hedrons  attached  by  their  extremities* 

A  corresponding  bromide,  iodide  and  fluoride  of  ammc 
may  be  formed  by  neutralizing  ammonia  with  hydrobron 
hydriodic  and  hydrofluoric  acids. 

Sulphurets  of  ummonmm, — When  4  volumes   of 
combine   with  2  of  sulphuretted  hydrogen,    the  sulpburct  i 
ammonium  is  produced  ;  N  H3  and  li  S  =  N  H4,  S. 
nium  combines  with  sulphur  in  se%^eral  other  proportionsj  whil 
are  obtained  on   mixing  and  distilling  the  various  degree  I 
sulphuration  of  potassium  with  sal  ammoniac-    In  the  recipn 
decomposition  which  occurs^  the  potassium  combines  8im|| 
with  chlorine,  and  the  ammonium  with  sulphur.     The  foUoi 
compounds  are  generally  enumerated  :  N  H^,  S ;  N  H^,  S  +  HI 
N  H4,  S3  and  N  H^,  S5.      The  protosulphuret   has  long 
formed  by  distilling  a  mixture  of  quicklime,   sulphur  and  I 
ammoniac,  and  known  under  the  name  of  the  fuming  Hquar^ 
Boyle*     It  is  a  volatile  liquid^  the  vapour  of  which  is  de 
posed  by  oxygen,  and  thus  fumes    produced.       The 
compound,  which  is  a  liydrosulphuret  of  the  sulphuret  of  J 
monium,  is  formed    by    transmitting    sulphuretted    hy 
througli  solution  of  ammonia  to  saturation.      This 
generally  called  the  hydrosulphuret  of  ammonia,  and  is 
in  which  sulphuretted  liydrogen  is  most  frequently  used  \ 
reagent.     All  the  sulphurets  of  ammonium  are  soluble  in  " 
and  alcohol  without  decomposition. 

Nitrate  o/ammomum^  N  H^  O,  N  O5. — When  nitric  add  h 
saturated  with  ammonia,  a  salt  is  obtained  which  crystidliiei  is 
Bix-sided  prisms,  and  is  isomoqihous  ^ith  nitrate  of  potank* 
Besides  the  elements  of  nitric  acid  and  ammonia,  this  sfllt  owi* 
tains  an  atom  of  water  which  cannot  be  separated  from  it,  whii 
is  also  found  in,  and  is  equally  essential  to  the  salts  formed  l^f 
neutrahzing  all  other  oxygen  acids  by  ammonia,  auch  as  sttlpbft* 
rous  acid,  sulphuric,  carbonic,  &c.,  in  contact  with  water,  Ito 
hydrqgen  of  ^is  water  is  assigned  to  the  ammonia,  to  km 
ammonium,  which  the  oxygen  converts  into  oxide  of  skmva^ 
nium  ;  so  that  the  product  is  nitrate  of  the  oxide  of  am 
nium  ;  or  N  H3  and  H  O,  N O^  =  N H^ O,  NO^.  This 
deflagrates  witli  flame,  when  thrown  upon  red  hot  coals.  Wl 
decomposed  between  S  and  400%  it  is  resoh^ed  into  water  I 
nitrous  oxide  (page  283). 
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L — The  neutral  carbonate  of  oxide  of 
.  appears  not  to  exist  in  a  free  state,  but  by  distilling 
sesquicarbonate  of  ammonia  of  the  shops,  by  a  gentle  heat, 
e  obtained  a  Tcdatile  crystalline  salt,  which  may  be  viewed 
I  compound  of  carbonate  of  ammonia  with  carbonate  of 
ionium  :  N  H3,  C  O,  4-  N  H^  O,  C  O^  When  the  commer- 
salt  is  exposed  to  the  air^  it  loses  its  pungent  odour,  and  a 
36  fmble  mass  remains,  which  is  the  bicarbonate  of  am-" 
liam,  or  carbonate  of  water  and  oxide  of  ammonium  : 
^  C  O3+N  H4  O,  C  O3.  This  is  a  stable  salt,  and  may  be 
alTed  and  crystallized  without  change, 
be  sesquicarbonate  of  ammonia  of  the  shops  is  a  crystalline 
sparent  mass^  which  Rose  finds  to  have  generally,  but  not 
lya,  the  composition  assigned  to  it  by  Mr.  Phillips,  or  to 
ain  SCO,  with  2NH,  and  2HO.  Rose  is  disposed  to 
dder  it  a  compound  of  carbonate  of  ammonia  and  bicarbonate 
dde  of  ammonium,  orNH3C02-f(HO,COa  +  NH40,COa). 
Scanlan  has  shown  that  a  small  quantity  of  water  dissolves 
die  carbonate  from  this  salt,  and  leaves  the  bicarbonate, 
di  is  the  least  soluble.  This  observation  does  not  prove 
oommerdal  salt  to  be  a  mechanical  mixture  of  the  two  salts 
ved  from  it,  as  many  undoubted  compounds  of  two  salts 
decomposed  by  water,  when  one  of  the  constituent  salts  is 
ik  more  soluble  than  the  other.  Another  salt  was  obtained 
Etose,  in  well  formed  crystab,  of  which  the  ammonia  and 
Mmic  add  are  in  the  proportions  of  the  sesquicarbonate,  but 
ft  three  additional  atoms  of  water.  No  less  than  twelve 
ismit  carbonates  of  ammonia  are  described  by  that  chemist, 
ientifie  Memoirs,  ii,  96). 

h^fkaie  i/aminofit«iii,N  H4O,  SO3  +  H  O.— This  is  a  highly 
sble  salt,  which  possesses  an  atom  of  water  of  crystallisation, 
iddition  to  the  atom  which  is  essential  to  its  constitution, 
e  salt  may  be  deprived  of  the  former  by  a  gentle  heat, 
(t  is  to  be  observed  that  salts  of  this  class  are  still  generally 
eed  as  salts  of  ammonia,  although  admitted  to  contain  ammo- 
na. 

Oomptmmb  of  ammonia  and  metallic  salts,  supposed  to  resemble 
?  — iBiiiiiW  compottfub. — ^The  whole  or  a  portion  of  the  am- 
Mna  absorbed  by  certain  anhydrous  salts  is  retained  with 
Bit  force,  and  cannot  be  separated  from  them  by  heat.  An- 
dnms  chloride  of  copper,  for  insUnoe,  absorbs  a  single  equi- 
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valent  of  ammonia  with  the  greatest  aviditf,  and  fanna  a  greoi 
fusible  matter,  which  the  dose  analogy  between  ccqppef  ni 
hydrogen  would  lead  us  to  view  as  analogous  in  constitutioa  to 
the  compound  formed  by  chloride  of  hydrogen  and  ammonia,  or 
chloride  of  ammonium.     It  will,  therefore,  be  represented  is. 
composed  of  chlorine  united  with  ammonium,  containing  m 
atom  of  copper,  in  place  of  the  fourth  atom  of  hydrogen,  or  ii 
N  H3  Cu,  CI,  which  may  be  called  chloride  of  cupiammomuL 
The  sulphate  of  copper,  in  like  manner,  retains  half  an  equips 
lent  of  ammonia  with  great  force,  and  forms  a  compound  «iudt>^ 
may  be  represented  as  sulphate  of  copper  combined  with  wir' 
phate  of  cuprammonium  :  .    ,.^ 

CuCSOa-fCNHjCuO+SOa), 

which  is  analogous  to  the  double  sulphate  of  oopper  and  w^k 
monium :  ofr 

Cu  O,  S  O3  +  (N  H4,  O +S  O3).  •'. 

Chloride  of  mercury  forms  a  similar  compound  with  half  J% 
equivalent  of  ammonia  :  k 

HgCl-fNH3Hg,Cl 

analogous  to  sal  alembroth,  or  the  compound  of  chloride  flf 
mercury  and  sal  ammoniac  : 

HgCl+NH^,CL 

A  different  view  of  these  and  the  other  ammonium  compoimdi 
is  advocated  by  Dr.  Kane.  Sal  ammoniac  is  considmd  hf 
him  as  a  species  of  double  salt,  as  amide  of  hydrogen  vitfc 
chloride  of  hydrogen,  H  Ad  +  H  CI ;  and  the  salt  I  have  named^ 
chloride  of  cuprammonium,  as  a  corresponding  amide  of  hydro- 
gen with  chloride  of  copper,  H  Ad  +  Cu  CL  We  agree  in  wp- 
posing  these  two  salts  to  have  the  same  constitution,  but  diftr 
as  to  what  that  constitution  is.  To  adapt  the  same  expk* 
nation  to  the  oxygen  acid  compounds,  such  as  sulphite 
of  ammonium.  Dr.  Kane  assimilates  them  to  the  salts  of  A^ 
magnesian  class,  which  contain  two  equivalents  of  aoi^ 
Adopting  the  hypothesis  that  two  atoms  of  that  class  (in  iriuik 
water  is  included)  are  equivalent  in  combination  to  one  of  As 
potash  class,  he  views  sulphate  of  copper,  possessing  lAit  I 
term  its  atom  of  constitutional  water,  as  a  compound  of  ifi' 
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acid  with  a  base,  which  consists  of  an  atom  of  oxide  of 
c^per  and  an  atom  of  water,  and  represents  it  thus  : 

Solphate  of  copper    .    .    CuO,  HO-I-SO3; 

towfaidi  he  assimilates  the 

Solphate  of  ammonium  •    Ad  H,  II O  +  S  O3. 

The  hypothesis  of  the-  equivalency  of  two  atoms  of  tlie  mag- 
■Mian  and  one  of  the  potash  class,  has  received  new  support 
im  Dr.  Kane's  researches ;  but  it  is  still  (in  my  opinion) 
In  donbtfiil  to  form  a  safe  basis  for  any  theoretical  super- 
rtnctore.  At  the  same  time,  this  hypothesis  has  enabled 
7k.  Kane  to  develope  many  new  and  interesting  relations 
■King  the  ammoniacal  compounds,  and  may,  perhaps,  prc- 
MBt  a  doser  and  more  distinct  view  of  the  intimate  con- 
ititotion  of  these  bodies,  than  the  ammonium  theory  exhibits. 
At  present,  however,  our  theories  of  the  constitution  of  com- 
poonds  are  too  uncertain  to  be  regarded  otherwise  than  as 
vfifidal  aids  to  facilitate  our  conception  of  thc^  manner  in 
vUch  the  formation  of  these  bodies  occurs,  and  of  the  trans- 
fmiations  which  they  undergo ;  and  a  theory  of  constitution 
ii^  therefore,  adopted  more  for  its  convenience  than  its  truth. 
Tills  state  of  things  leads  to  the  retention  of  the  ammonium 
tiMny,  which  has  introduced  a  degree  of  simplicity  into  our 
liews  of  that  particular  class  of  ammoniacal  compounds  to 
iludi  it  is  applicable,  that  could  not  easily  be  exceeded.  But 
ib  adoption  must  not  be  allowed  to  preclude  the  considera- 
tion of  other  theories,  such  as  that  of  Dr.  Kane,  which  facilitate 
^mitigations  in  the  meantime,  and  may  prove  to  )>e  truer  to 
Htue  in  the  end. 

SECTION    IV. 

HYDROGEN  AND  PHOSPHORUS. 

8oSd  hydruret  of  photphoms. — Magnus  forms  a  phosphurct 
tf  potassium,  by  fusing  phosphorus  and  potassium  under  naph- 
^  When  this  compound  is  thrown  into  water,  a  compound 
^tf  phosphorus  and  hydrogen  precipitates  in  the  form  of  a  yellow 
powder.  It  contains  less  hydrogen  than  the  following  com- 
pound. 

E  E 
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Phosphureited  hydrogen  gas^  P  H^.^ — ^Thia  gaa,  which  is  re* 
inarkable  for  its  occasional  spontaneous  infiammability  rn  m^ 
was  discovered  by  Gengembre  in  J  788,  and  has  been  siiecet- 
sively  investigated  by  several  chemists;  bat  its  true  nahift 
was  first  ascertained  by  Rose,  who  proved  it  to  be  a  compoiiiid 
analogous  in  constitution  to  ammoniacal  gas,  ha\dng  phosphorus 
in  the  place  of  nitrogen.  The  pure  gas  is  obtained  by  heatitig 
hydrated  phosphorous  acid,  which  is  resolved  into  phosphnretted 
hydrogen  and  hydrated  phosphoric  acid ;  thuSi 

4(3HO  +  P03)orl2HOand4PO3=PH3and9HO-4-3P04. 

Tliis  gas  does  not  inflame  spontaneously  when  allowed  to 
escape  into  air,  but  kindles  when  a  light  is  applied  to  it,  aod 
burns  with  the  wliite  flame  of  phosphorus,  A  little  air  added 
to  the  gas,  which  had  no  effect  at  first,  has  been  observed  to 
produce  occasionally  an  explosion  after  a  time.  The  gat 
consists  of  1  volume  of  phosphorus  vapour  and  G  voluinei 
of  hydrogen,  condensed  into  4  volumes,  so  that  it  has  the  »ame 
combining  measure  as  ammoniacal  gas.  Its  density  is  1185, 
Phosphuretted  hydrogen  has  a  disagreeable  alliaceous  od(iur»  i5 
but  slightly  soluble  in  water,  and  has  no  alkaline  reaction 

The  same  gas,  in  a   self-inflammable  state,  is  obtaii 
boUing  phosphorus,  lime  and  water  together.     The  first  fi 
the  formation  of  hjipophosphite  of  lime^  vnih  tlie  evolutxQa  of 
phosphuretted  hydrogen  gas : 

4Pand3CaO  and  3H  O  =  PH3  and  3CaO-h3PO; 

and  phosphuretted  liydrogen  is  again  evolved,  but  mhced  wift 
a  considerable  quantity  of  free  hydrogen,  when  the  hvilnHfd 
hypophosphite  of  lime  is  evaporated  to  dryness,  phc»(Sphate  d 
lime  being  the  residuary  product.  The  self-inflaromability  oTtliii 
gas  must  depend  upon  something  extraneous.  Rose  has  showa 
that  the  gas,  after  being  passed  through  a  long  tube  eontadnfa^ 
chloride  of  calcium,  to  dry  it  thoroughly,  retains  this  propitrty, 
for  days,  and  undergoes  no  change  in  composition,  whetbcf 
kept  in  obscurity  or  exposed  to  sunshine,*  and,  therefore,  rcjcdi 
the  theory  of  M.  Leverrier,t  that  the  property  in  qo^stiofilt 

•  LkbigV  Anniilen  dcr  Pbarmacie,  r.  30,  p  320.  (1939.) 
t  All.  Uf  Ch.  I't  d«  Ph.  t.  60,  p.  171. 
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due  to  another  gaseous  compound  of  phosphorus  and  hydrot^n, 
P+2H^  present  in  small  quantity,  and  supposed  to  bo  decom- 
posed by  light,  and  to  deposit  a  solid  tiydruret  P  +  II,  while  the 
JH  ceases  to  be  self-inflammable.  It  was  observed  by  myself,^ 
Ikst  the  presence  of  phosphorus  vapour  docs  not  communicate 
ipmtaneous  inflammability  to  the  gas  prepared  from  phospho- 
nDS  add ;  that  the  gas  from  hydrate  of  lime  and  phosphorus 
is  deprived  of  this  property  by  porous  absorbentSi  such  as 
charcoal,  by  phosphoric  acid,  and  by  a  most  minute  quantity  of 
Nveral  combustible  bodies,  such  as  potassium,  tlic  vapours  of 
ether  and  essential  oils ;  and  that  the  property  was  communi- 
csted  to  the  gas  of  either  process,  by  the  addition  of  a  most 
ndnnte  quantity  of  the  vapour  of  peroxide  of  nitrogen  or  of 
aitronsacid,  varying  from  1-lOOOth  to  1- 10,000th  of  the  volume 
cf  the  gas.  The  hydrogen  gas  which  first  comes  off  on  making 
sn  ad£tion  of  sulphuric  acid  to  the  gas  bottle  witli  zinc  (page 
f57)j  sometimes  contains  enough  of  peroxide  of  nitrogen,  to 
impart  spontaneous  inflammability  to  phosphurettcd  hydrogen, 
to  which  it  may  be  added.  The  self-inflammable  gas  from 
fliosphorus  and  hydrate  of  lime  cannot  contain  peroxide  of 
nitrogen,  but  it  might  be  imagined  to  possess  a  trace  of  a  cor- 
R^onding  compound  of  phosphorus  and  oxygen,  if  such  a 
mnpound  exists. 

Fhosphuretted  hydrogen  decomposes  some  metallic  solutions, 
ndi  as  those  of  copper  and  mercury,  and  forms  metallic  phos- 
phorets.  When  the  gas  is  pure,  it  is  entirely  absorbed  by  sul- 
phate of  copper  and  by  chloride  of  lime.  With  hydriodic  nrid, 
phosphuretted  hydrogen  forms  a  crystalline  compound,  which  is 
mteresting  from  its  analogy  to  sal  ammoniac.  It  may  be  formed 
by  mixing  together  its  constituent  gases  over  mercury ;  or  more 
euily  by  introducing  into  a  small  tubulated  retort,  a  mixture  of 
60  parts  of  iodine,  15  of  phosphorus  finely  granulated,  and  mix- 
ing these  bodies  intimately  with  pounded  glass  ;  8  or  \f  parts  of 
Mer  are  then  added  to  the  mixture,  and  the  vapours  which 
immediately  come  off  are  allowed  to  escape  by  a  glass  tube  open 
It  both  ends,  adapted  to  the  beak  of  tlie  retort,  in  which  bcau- 
tifbl  small  crystals  of  the  salt  condense,  of  a  diamond  lustre. 
EUmc  has  lately  observed  that  these  crystals,  contrary  to  what  is 
^erally  supposed,  do  not  belong  to  the  regular  system,  and 

•  Phil.  Mug.  3rd  Scries,  vol.  5,  p.  401. 
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are,  therefore,  not  isoraorphous  with  sal  animoniac.  Ther  vm 
decomposed  by  water,  with  evolution  of  phosphurctted  by- 
drogen. 

Phosphuretted  hydrogen,  like  ammonia,  combines  with 
perchlo rides  of  tin,  titanium,  chromium,  iron,  and  antimi 
forming  white  saline  bodies.     The  combination  with  birl-^ 
of  tin  is  decomposed,  with  escape  of  the  gas  in  the  r 
flammable  state,  by  water,  and  \n  the  self-inflammable  condi] 
by  solution  of  ammonia. 


CHAPTER    III. 
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CARBON  AND  HYDROGEN, 

Liffhl  carburet  ted  hydrogen^  C  H^. — This  gas  is  a  cons 
product  of  the  putrefactive   decomposition  of  wood  and  OtI 
compounds  of  carbon,  under  water,  and  is  most  readily  obtiia 
by  stirring  the  mud  at  the  bottom  of  stagnant  pools,  and  < 
lecting  the  gas  as  it  rises  in  an  inverted  bottle  and  funnel 
always  contains  1 0  or  20  per  cent  of  carbonic  acid,  which  i 
be  separated  from  it  by  lime-water,  and  a  small  proportimi^ 
nitrogen.     Carburetted  hydrogen  also  issues,  in  sonv 
considerable  quantities  from  fissures  in  the  earth,  coi,....^  .- 
from  subterraneous  deposits  of  coal;  and  in  the  working  of  I 
mines,  it  is  found  pent  up  in  ca\aties,  and  would  appear  \ 
times  to  be  discharged  from  the  fresh  surface  of  the 
sensible  quantity.     Hence,  this  gas  is  sometimes  descril 
the  inflammable  air  of  marshes,  and  the  fire-damp  of  mil 
It  is  the  most  considerable  constituent  of  coal  gas,  and  off 
gaseous  mixture  obtained  on  passing  the  vapour  of 
through  an  ignited  porcelain  tube,  but  no  artificial  pr 
known  to  afford  this  gas  in  a  state  of  purity. 

The  density  of  light  carburetted  hydrogen   is  559.5,  and 
volume  of  it  contains   1   vol.  of  carbon  vapour,  and  2  vnU  c 
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kjdrogen ;  but  the  combining  measure  and  equivalent  of  this 
ompound  are  unknown*  It  is  inodorous,  neutral^  rc^spirablc 
flien  mixed  with  air,  not  more  soluble  in  water  than  pure 
kfdrogen,  and  has  never  been  liquefied.  Carburetted  hydrogen 
iqnirea  twioe  its  bulk  of  oxygen  to  bum  it  completely,  and 
rfbids  water  and  an  equal  bulk  of  carbonic  acid.  In  air  it 
baii%  when  lighted,  with  a  strong  yellow  flame.  It  is  a  com- 
pound of  considerable  stability,  but  is  decomposed  in  part 
vhen  sent  through  a  tube  heated  to  whiteness,  and  resolved 
into  carbon  and  hydrogen.  This  gas  is  not  affected  in  the  dark 
hj  chlorine,  but  when  the  mixture  of  these  gases,  in  a  moist 
itite,  is  exposed  to  light,  carbonic  and  hydrochloric  acid  gases 
ire  produced. 

Although  instantly  kindled  by  flame,  carburetted  hydrogen 
leqiuires  a  high  temperature  to  ignite  it.  Hydrogen,  sulphu- 
Rtted  hydrogen,  and  olefiant  gas  are  all  ignited  by  a  glass  ro<I 
kited  to  low  redness,  but  glass  must  be  heated  to  bright  red- 
aen  or  to  whiteness,  to  inflame  carburetted  hydrogen.  Sir  II. 
Diry  discovered  that  flame  could  not  be  communicated  to  an 
oqdosive  mixture  of  carburetted  hydrogen  and  air,  througli  a 
■mow  tube,  because  the  cooling  influence  of  the  sides  of  tlie  tul)e 
IKrented  the  gaseous  mixture  contained  in  it  from  ever  rising 
to  the  high  temperature  of  ignition.  A  metallic  tube  has  a 
gmfter  cooling  property,  from  its  high  conducting  power,  and 
consequently  obstructs  to  a  greater  degree  the  passage  uf  flame, 
Asa  a  similar  tul)e  of  glass ;  and  even  the  meshes  of  metallic 
viie-gauxe,  when  they  did  not  exceed  a  certain  magnitude,  were 
innd  to  be  impermeable  by  flame.  Experiments  of  this  kind 
■■J  be  made  upon  coal-gas,  the  flame  of  which  will  l>c  found 
BCipable  of  passing  through  a  sheet  of  iron-wire  trellis,  con- 
tttnbg  not  less  than  400  holes  in  tlie  square  inch.  If  the  gas 
k  allowed  to  pass  through  the  trellis,  and  kindled  above  it,  the 
lime,  it  will  be  found,  does  not  return  through  the  apertures  to 
the  jet  whence  tlie  gas  issues.  Upon  these  observations,  Sir 
H.  Davy  founded  his  invaluable  invention  of  the  safety  lamp, 
i&  instrument  indispensable  to  the  safe  working  of  the  most 
cOensive  and  valuable  of  our  coal  fields. 

The  safety  lamp,  as  left  by  Davy,  is  simply  an  oil  himp,  in- 
A>ied  in  a  cage  of  wire-gauze,  the  upper  part  of  which  is  dou- 
We»  (Fig.  43.)     Mr.  Buddie  uses  iron-wire  gauze  for  the  lamp^ 
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Fio.  43,  containing  from  784  to  80O  holes  in  the  i 
inch.  A  crooked  wire,  which  works  ttghtlj 
narrow  tube  passing  upwards  through  th^ 
of  the  lamp,  affords  the  means  of  trimndl 
wick,  without  undoing  the  wire-gauze  cnj 
the  lamp.  When  the  lamp  is  carried  u| 
atmosphere  charged  with  fire-damp,  a  bind 
is  obsen^ed  uitliin  the  gauze  cylinder,  firo( 
combustion  of  the  gas,  and  the  flame  in  the  ( 
of  the  lamp  may  be  extinguished.  The  j 
should  then  withdraw,  for  although  the  gaOi 
often  been  observed  to  become  red-hot,  w} 
inflaming  the  external  explosive  atmospbdl 
the  texture  of  the  gauze  may  be  dcstroji 
retained  long  at  so  high  a  temperature-  | 
always  been  known,  since  this  lamp  was  firti 
posed,  tliat  when  it  is  exposed  to  a  stror)| 
rent  of  the  explosive  mixture,  tlie  flame  may  pass  too  ql 
through  the  apertures  of  the  gauze  to  be  cooled  below  th«| 
of  ignition,  and,  tlierefore,  communicate  with  the  external  | 
sphere.  But  this  is  easily  prevented  by  protecting  thfll 
firom  the  draught,  and  an  accident  from  this  cause  is  notj 
to  occur  in  a  coal  mine.*  1 

Carburctted  hydrogen  does  not  explode  when  mixed  wl 
in  a  proportion  much  above  or  below  the  quantity  nece9M 
its  complete  combustion.      With  3  or  4  tinies  it^i  volume  i 
it  does  not  explode  at  all,  with  5  J  or  6  volumes  of  air  it  dett 
feebly,  and  with  7  to  8  most  powerfully.     With  14  v-olal 
air,  the  mixture  is  still  explosive,  but  with  larger  proport] 
air,  the  gas  only  burns  about  the  flame  of  the  taper,     Thi 
quantity  of  dr  which  is  then  mixed  with  the  gas,  absd 
much  heat  as  to  prevent  the  temperature  of  the  gaseont 
sphere  from  rising  to  the  point  of  ignition.  1 

Coal  gas, — The  products  of  the  distillation  of  coal  in  p 
retort  are  of  three  kinds  :  a  black  oily  liquid,  of  a  hell 
nous  nature,  known  as  coal-tar,  of  which  a  constderahli 
atituent,   according  to  M,  Dumas^  ia  benzin ;  a  watery'^ 

•  Fcir  jiriditinnnl  infonii*»tlnfi  respecting^  the  £iififfy  Ump,  thr  render  U 
I)n\y*a  E*i>rty  on  Flituie,  to  Dr,  TurisV  Life  und  Dr  J.DafyV  Life  uf  S^ir  Q 
ftbd  to  tbe  Report  of  ibe  PurlinmenUry  CointuHlee  on  Bccidcou  in  miM*, 
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m  w  the  anmumiacal  liquor,  and  the  elastic  fluids  which 
ooal  gaa.  To  purify  the  gas,  it  is  cooled  by  transmitting 
loogh  iron  tubes  or  shallow  boxes,  in  which  it  deposits  some 
BBsible  matter;  and  it  is  afterwards  exposed  to  milk  of 
,  to  absorb  sulphuretted  hydrogen,  which  it  invariably 
lina,  and  finequently  afterwards  to  solution  of  sulphate  oif 
•which  arrests  a  little  hydrosulphuret  of  ammonia  and  a 
q£  hydrocyanic  acid.  Tlie  hydrate  of  lime  is  sometimes 
ad  in  the  state  of  a  damp  powder,  and  not  diffused  through 
r. 

r«  flenry  obtained  the  following  results  from  an  examination 
e  gaa  firom  the  best  cannel  coal,  at  different  periods  of  the 
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esides  the  constituents  mentioned,  coal  gas  when  first  made, 
sins  small  quantities  of 

Anmionia,  Hydrocyanic  acid, 

Sulphuretted  hydrogen,       Sulphuret  of  carbon. 
Carbonic  add.  Naphtha  vapour.* 

Di  of  these  bodies  are  separated  from  it  in  tlie  process  of 
Keation,  except  the  two  last,  namely,  naphtha  vapour,  whidi 
le  chief  cause  of  the  odour  of  coal  gas,  and  sulpliuret  of 
on,  which  affords  a  little  sulphurous  acid  when  the  gas  is 
led.  The  heterogenous  nature  of  the  gaseous  mixture  is  well 
m  upon  introducing  a  quantity  of  dry  iodine  into  a  bottle 
fcy  when  several  liquid  and  solid  compounds  of  iodine  are 
led  with  the  different  hydrocarburets  present.  Iodine,  on 
other  hand,  is  not  affected  in  the  slightest  degree  by  fire- 

Dr.  Henr3r*s  pnpen  on  cotl  gas  tre  contained  in  the  Phik  Tnns.  for  1808, 
^  tnd  1824  ;  bii  instructiona  for  the  analysis  of  mixed  gases,  in  kit  BlemenU 
xperimeDUl  Chemistry  (ld2'J},  vol.  2,  p.  Til 7. 
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damp,  but  remains  with  its  metallic  lustre  uncfaaiigedintliifc 
gas.  Indeed^  in  the  ordinary  fire  damp  no  other  combnitihk 
gas  whatever  can  be  found,  besides  light  carburetted  hydrogBOi 
The  superiority  of  coal  gas,  in  illuminating  power,  depodi 
principally  upon  the  high  proportion  of  olefiant  gas  and  Ab 
denser  hydrocarburets  which  it  contains.  The  fireehydrogai 
and  carbonic  oxide  present  give  no  lights  and  are  positively  iqip 
rious.  As  the  highly  illuminating  constitaentB  are  denser  wti 
contain  much  carbon,  the  value  of  coal  gas  is  to  a  certain  atait 
proportional  to  its  density,  and  to  the  quantity  of  oxygen  idach 
it  requires  for  complete  combustion.  In  the  anabjrais  of  cod 
gas,  the  dijBferent  gases  may  thus  be  separated :  lit.  OkStd 
gas,  naphtha  vapour,  and  similar  hydrocarburets,  by  mixing  tin 
gas,  in  a  dark  place,  with  half  its  bidk  of  chlorine,  and  aftenrvdi 
washing  with  caustic  potash ;  2ndly,  carbonic  oxide  by  potainai 
gently  heated  in  the  gas ;  Srdly,  the  proportion  of  light  GBbfr 
retted  hydrogen  may  be  determined  by  detonating  the  mizton 
in  a  eudiometer  (page  278),  with  a  measured  quantity  of  oxyga^ 
and  ascertaining  the  quantity  of  carbonic  add  formed,  wUflb 
retains  the  volume  of  die  carburetted  hydrogen;  4ihly,  lihefo 
hydrogen,  by  observing  the  quantity  of  oxygen  remainingy  bf 
means  of  a  stick  of  phosphorus  introduced  into  the  gas,  wi 
thereby  ascertaining  the  quantity  of  oxygen  consumed  in  the 
combustion ;  from  this  quantity  deduct  twice  the  measure  of 
the  carburetted  hydrogen,  and  half  the  remaining  measure  of 
consumed  oxygen  represents  die  hydrogen ;  Sthly,  the  residuarf 
gas  after  these  processes  is  the  nitrogen  of  the  coal  gas. 

Structure  of  flame* — The  quantity  of  light  obtained  from  the 
combustion  of  coal  gas  depends  entirely  upon  die  manoeriD 
which  it  is  burned,  which  will  appear  from  the  consideratioD  of 
the  structure  of  luminous  flames.  The  flame  of  a  spirit  IinqH 
candle,  or  gas-jet  is  hollow,  as  may  be  observed  by  depresaiiiK* 
sheet  of  wire  trellis  upon  it,  which  gives  a  sectum  « 
the  flame ;  the  seat  of  the  combustion  being  the  otf^ 
gin  of  the  flame,  where  alone  the  combustible  vipoor 
is  in  contact  with  the  air.  Of  volatile  carbonaoeoss 
combustibles,  the  flame  consists  of  three  parts,  vhidi 
-A  are  represented  in  section,  (Fig.  44.) : 

A,  cone  of  vaporized  combustible. 

B,  sphere  of  partial  combustion. 

C,  sphere  of  complete  combustion. 


A 


I. 
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^  where  die  supply  of  air  is  insufficient  for  complete  com- 
My  it  18  the  hydrogen  principally  which  burns,  the  carbon 

iibentod  in  solid  particles^  which  are  heated  white-hot 
the  oombostion  of  that  gas.  Tlie  sphere  B,  indeed,  is  the 
Knu  portion  of  the  flame,  for  the  light  depends  entirely 

the  deposition  of  carbon,  arising  from  the  consecutive 
Qstion  of  the  two  elements  of  the  vapour.  Gaseous  bodies, 
▼er  strongly  heated,  emit  no  light,  or  at  most,  not  more  than 
nUe  glow,  and  luminous  flame  has  justly  been  described  by 
'  as  always  containing  $olid  matter  heated  to  whitenesjf. 
nme  sphere  of  the  flame,  possessing  an  excess  of  combus- 
matter  at  a  high  temperature,  takes  oxygen  from  metallic 
m,  such  as  arsenious  acid,  placed  in  it,  and  developes  their 
Is.  It  is,  therefore,  often  referred  to  as  the  deoxidising  or 
sng  flame.  In  the  external  hollow  cone,  C,  the  deposited 
m  meets  with  oxygen,  and  is  entirely  consumed.  The 
ist  point  in  the  whole  flame  is  within  this  sphere,  near  the 
nit  of  B.  This  part  of  the  flame,  possessing  an  excess  of 
en,  at  a  high  temperature,  is  the  proper  place  for  kindling 
nbustible,  and  is  called  the  oxidizing  flame ;  its  properties 
he  opposite  of  those  of  B. 

hen  coal  gas  is  mingled  with  an  equal  bulk  of  air  before 
;  burned,  it  is  found  to  lose  half  its  illuminating  power.  It 
be  convenientiy  mixed  with  a  quantity  of  air  sufiicient  for 
omplete  combustion,  by  placing  over  an  argand  burner,  a 
I  chimney  of  5  inches  in  height,  provided  with  a  cap  of 
game;  when  kindled  above  the  wire-gause,  the  gas  burns 
a  blue  flame,  not  more  luminous  than  that  of  sulphur, 
flame  is  so  feebly  luminous  because  no  deposition  of  carbon 
rs  in  it.  The  quantity  of  heat  is  the  same,  whether  the 
IS  bamed  so  as  to  produce  much  or  little  Ught ;  and  where 
ps  is  burned  for  heat,  this  mode  of  combustion  has  the 
mtsge  of  giving  a  flame  without  smoke.  The  heat  derived 
1  coal  gas  burned  in  this  manner  is  not,  however,  so  intense 
bit  of  an  argand  spirit  lamp.  According  to  my  own  expe- 
oe,  the  highest  temperature  is  obtained  from  coal  gas,  when 
Bed  from  that  form  of  the  argand  recently  introduced,  in 
ch  the  burner  rises  through  a  truncated  brass  cone.  A 
gential  current  of  air  is  thus  occasioned,  which  sweeps  the 
er  surface  of  the  flame,  and  produces  a  perfect  combustion. 
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The  burner  should  be  provided  besides  with  a  metallie  duinnef 
of  four  inches  in  height,  without  the  wire  gauae.* 

A  result  of  the  circumstances  which  determine  the  quantity  of 
light  from  different  flames  is^  that  the  larger  the  flame  till  it  begin 
to  be  smoky,  the  greater  the  proportion  of  light  obtained  from  Ae 
consumption  of  the  same  quantity  of  gas.  It  was  observed  thit 
an  argand  burner,  supplied  with  i\  cubic  feet  of  gas  per  hour,  give 
as  much  light  as  a  single  candle ;  with  2  cubic  feet  per  hour  tbe 
light  was  equal  to  4  candles,  and  with  3  cubic  feet  to  iO  cn- 
dles.  Hence  argands,  bat-wings  and  other  burners,  in  wbidi  i 
considerable  quantity  of  ^s  is  burned  together,  are  more  eoa&h 
mical  than  plain  jets.  The  brightness  of  ordinary  flame,  wMck 
depends  essentially  upon  the  consecutive  combustion  of  hydiD- 
gen  and  carbon,  is  increased  by  everything  which  promote  tte 
rapidity  and  intensity  of  the  combustion,  without  deranging  (In 
order  of  oxidation,  such  as  a  rapid  supply  of  air,  and  the  snfaili- 
tution  of  pure  oxygen  for  air,  as  in  Mr.  Oumey's  Bade  light 
Not  only  is  there  then  more  light,  because  there  is  more  oobp 
bustion  in  the  same  time,  but  the  temperature  of  the  ftM 
being  greater,  the  luminous  carbon  is  also  heated  to  a  higha 
degree  of  whiteness. 

Olefiant  gaSy  C^  H4  or  C4  Hg,  H. — This  gas  was  discovered  in 
17^6,  by  certain  associated  Dutch  chemists,  who  gave  ittiie 
name  of  olefiant  gas,  because  it  forms  with  chlorine  a  compouDci, 
having  the  appearance  of  an  oil,  from  which  the  chlorides  of 
carbon  were  aftemvards  derived  (page  375.)  This  gas  it  pn- 
pared  by  heating  together  1  measure  of  strong  alcohol  with  S 
measures  of  oil  of  vitriol,  in  a  capacious  retort,  till  the  hspii 
becomes  black  and  effervescence  begins,  and  maintaining  it  it 
that  particular  temperature.  It  is  collected  over  water,  whiflh 
deprives  it  of  a  portion  of  ether  vapour  and  sulphurous  aoidf 
with  which  it  is  accompanied.  OleAant  gas  bums  with  a  whitt 
flame,  and  contains  a  large  quantity  of  combustible  matter  in  ft 
given  volume.  It  consists  of  8  volumes  of  carbon  vapour  ui 
8  of  hydrogen,  condensed  into  4  volumes,  which  gives  fbriH 
density  981.  It  is  now  viewed  as  a  compound  of  the  orfjuic 
radical  acetyl  with  hydrogen,  which  is  expressed  in  the  ratioB>l 
formula  stated  above.     Several  other  compounds  of  carbon  sn' 

*  The  form  of  argand  recommended  is  known  aa  the  patent  double-cooe  p* 
burner. 
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bjdiogeD  existi  btit  tliey  will  l>e  studied  with  roost  advantage 
oadcr  afgmnic  chemistry^  to  which  they  properly  belong. 


SECTION  ir 


CARBON  AND  SULPHUR. 


Bim^kuret  of  carbon^  C  Sj, — Charcoal  ignited  in  an  attno- 
«pbe}«   of  sulphur  vapour,  combines  with  that  element,  and 
forms  a  compound  which  holds  the  same  place  in  the  sulphur 
iCries  that  carbonic  acid  occupiea  in  the  oxygen  series  of  com- 
pmck.    The  bisulphuret   of  carbon  is  a  volatile  hquid,  and 
■njr  be  prepared  by  distilling,  in   a  porcelain  retort,    yellow 
Pyrites  or   bisulphuret  of  iron,  with  a  fourth  of  its  weight  of 
well-dried  charcoal,  both  in  the  state  of  fine  powder  and  inti- 
OMtdy  mixed-     The  vapour  from  the  retort  is  conducted  to  the 
hiCtoiii  of  a  bottle  tilled  with  cold  M'ater,  to  condense  it.     Or 
•alpbur  vapour  may  be  sent  over  fragments  of  well  dried  char- 
coal in  a  porcelain  or  cast  iron  (not  malleable  iron)  tube,  placed 
a  furnace.     The  product  is  generally  of  a  yellow  colour, 
contains  sulphur  in  solution^  to  fi^e  it  from  which  it  is 
led  in  a  glass  retort,  by  a  gentle  heat* 
bisulphuret  of  carbon  is  a  colourless  liquid,  of  high  re- 
power,    and  sp.  gr*  1^72.     Its  vapour  has  a  tension  of 
Paris  inches  (Marx)  at  50",  and  the  hquid  boils  at  110°;  a 
of  — 8o*  can  be  produced  by  its  evaporation  in  vacuo, 
compound  is  extremely  combustible,  taking  fire  at  a  tem- 
which  scarcely  exceeds  the  boihng  point  of  mercury, 
a  few  drops  of  the  liquid  are  thrown  into  a  bottle  of 
iKjgai  gas,  or  mtric  oxide,  a  combustible  mixture  is  formed^ 
tfcich  bums,  when  a  light  is  applied  to  it,  with  a  brilliant  flash 
tf  Aame,  but  without  a  violent  explosion.     The  bisulphuret  of 
cirbon  ta  insoluble  in  water^  but  it  is    soluble  in  alcohol.     It 
iiits(rfve!i  sulphur,  phosphorus  and  iodine. 

The  bisulphuret  of  carbon  is  a  sulphur  acid,  and  combinea 
*ilh  sulphur  bases,  such  as  the  sulphuret  of  potassium,  forming 
*  dftis  of  salts  wliich  are  called  sulphocarbonates,  Oxygen 
Wi  dissolve  it  slowly,  and  are  converted  into  a  mixture  of 
MK>aate  and  sulphocarbonate  j  thus  2  equivalents  of  potash 
'ith  I  of  bisulphuret  of  carbon  yield  2  equivalents  of  sulphuret 
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of  potassium  and  1  of  carbonic  acid,  which  combine  respectirdf 
with  bisulphuret  of  carbon  and  potash. 

Solid  sulphvret  of  carbon. — ^The  charcoal  left  in  the  tabe^ 
after  the  process  for  the  former  compound,  is  much  corroded, 
and  contains  a  portion  of  sulphur  which  cannot  be  expelled 
from  it  by  heat.  Berzelius  is  disposed  to  consider  this  sulphur 
as  in  chemical  combination  with  the  carbon. 

SECTION    III. 

CARBON  AND  NITROGEN. 

Bicarburet  of  nitrogen^  or  cyanogen^  N  C^. — This  compcmnl 
is  a  gas,  which  was  first  obtained  by  Gay-Lussac  in  1815.  It 
is  prepared  by  heating  the  cyanide  of  mercury  in  a  small  fjam 
retort,  and  is  collected  at  the  mercurial  trough.  The  cyanide  if 
resolved  into  running  mercury  and  cyanogen  gas,  and  frequeadf 
leaves  a  black  coaly  mass  in  the  retort,  which  Professor  Johap 
ston  has  shown  to  consist  of  carbon  and  nitrogen,  in  the  um 
proportions  as  the  gas  itself. 

Cyanogen  gas  contains  4  volumes  of  carbon  vapour  and  I 
volumes  of  nitrogen,  condensed  into  2  volumes ;  its  density  i 
J  819.  When  this  gas  is  exploded  with  twice  its  volume  of 
oxygen,  it  affords  2  volumes  of  carbonic  acid  gas,  and  1  volams 
of  nitrogen,  an  experiment  from  which  its  composition  may  be 
deduced.  Water  at  60"  absorbs '4.5  times  its  volume  of  tUi 
gas,  and  alcohol  23  volumes.  By  a  pressure  of  S.G  atmospheiei 
at  45®,  cyanogen  is  condensed  into  a  limpid  liquid,  which  en- 
porates  again  on  removal  of  the  pressure.  Cyanogen  bnnii 
with  a  beautiful  purple  flame  in  air  or  oxygen.  The  solution  of 
cyanogen  in  water  undergoes  spontaneous  decomposition.  Bf 
alkalies  the  gas  is  absorbed,  and  a  cyanide  and  cyanate  formed. 

Cyanogen  is  a  salt-radical,  and  unites  with  all  tlie  metals,  ii 
chlorine  and  iodine  do,  forming  a  class  of  cyanides.  It  ib> 
forms  a  hydrogen  acid,  namely,  prussic  or  hydrocyanic  ecidi 
Cyanogen  properly  belongs  to  organic  chemistry,  in  which  dfr 
partment  its  numerous  combinations  will  be  considered. 

Mellon^  N4  Cg. — This  is  another  salt-radical,  and  was  formw 
by  Liebig  by  heating  the  bisulphuret  of  cyanogen  to  redneft 
when  it  is  resolved  into  sulphur,  bisulphuret  of  carbon,  tfd 
mellon.  It  is  a  lemon  yellow  powder,  insoluble  in  water  •» 
alcohol.  It  unites  directly  with  hydrogen  and  with  potassiuffli 
forming  hydromellonic  acid  and  mellonide  of  potassium. 
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CHAPTER  IV. 

COMPOUNDS  OP  PHOSPHORUS. 

Sulphuret  qfphosphonut. — Phosphorus  and  sulphur  unite  in  all 
mqportions,  with  the  evolution  of  much  heat^  and  sometimes 
rith  explosion.  These  elements  are  most  safely  united  under 
ot  water,  of  which  the  temperature,  however,  must  not  exceed 
60%  for  otherwise  sulphuretted  hydrogen  and  phosphoric  acid 
Hqr  be  produced  with  such  rapidity  as  to  occasion  an  explosion, 
lie  compounds  of  phosphorus  and  sulphur  obtained  in  this 
mmer  appear  not  to  be  definite.  They  are  more  fusible  and 
me  inflammable  than  phosphorus  itself.  Lievol  has  shown 
lit  tbey  often  contain  a  UtUe  of  the  persulphuret  of  hydrogen.*^ 
emllas  appears  to  have  formed  a  definite  sulphuret  of  phos- 
boms,  by  acting  upon  the  liquid  terchloride  of  phosphorus  by 
idpliuretted  hydrogen.  Hydrochloric  acid  was  evolved,  and  a 
did  amorphous  body,  of  a  lemon-yellow  colour  remained,  which 
m  a  tersulphuret  of  phosphorus,  corresponding  with  phos- 
iMMOua  add.  Berxelius  ascertained  that  the  sulphurets  of 
iiosphoras  combine  with  sulphur  bases,  and  produce  colour- 
Minks;  but  he  did  not  carry  the  investigation  beyond  that 
out 

Pha^kuret  of  nitrogeny  N,  P. — Both  the  chlorides  of  phos- 
lionis  absorb  ammoniacal  gas,  and  form  solid  white  com- 
NNuids.  The  combination  of  the  terchloride  contains  2\  equi- 
fdanti  of  ammonia,  but  that  of  the  pcrchloride.  Rose  did  not 
bd  equaUy  definite.  When  exposed  to  a  strong  red  heat, 
riflumt  access  of  oxygen,  these  compounds  leave  a  white  amor- 
i^aoM  body,  which  is  the  phosphuret  of  nitrogen.f  It  is  most 
BMfly  prepared  by  transmitting  a  stream  of  dry  carbonic  acid 
pi  over  die  ammoniacal  compound,  in  a  tube  of  hard  glass, 
iMed  by  a  charcoal  fire,  so  long  as  vapours  of  sal  ammoniac 
■obBine. 

The  phosphuret  of  nitrogen  is  not  soluble  in  any  menstruum, 
^  acted  upon  by  dilute  acid  or  alkaline  solutions.     It  is  not 

•  An.  dt  Ch.  et  de  Ph.  t.  67,  p.  S32.  t  Row,  Ik.  t.  54,  p.  275. 
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affected  when  heated  in  an  atmosphere  of  chlorine  or  si 
but  is  decomposed  when  heated  in  hydrog;en9  with  the  ion 
of  ammoniacal  gas.  The  want  of  volatility  and  indiffere 
most  chemical  reagents,  which  characterize  this  oompom 
properties  that  could  not  have  been  anticipated  in  m  oomj 
of  phosphorus  and  nitrogen. 
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CHAPTER    V. 

METALLIC  ELEMENTS. 

OBNBBAL   OB8RRVATION8. 

metallic  chflfl  of  elements  is  considerably  more  numerous 
be  non-metallic  dass,  embracing  forty-two  elementary  bo- 
)f  these,  scTen  only  were  known  to  the  ancients,  and  of  the 
ider,  a  large  proportion  are  of  recent  discovery.  Their 
and  their  densities,  when  accurately  determined,  with 
item  and  authors  of  their  discovery,  are  contained  in  the 
ing  table,  compiled  from  the  work  of  Dr.  Turner: — 

TABLB    OP    METALS. 


w. 

DtDstCy. 

19.257,  Briiwm     .    ^ 
10.474,    ditto 

7.788,    ditto 

8.895,  Hatcbetl    .      > 

Known  to  the  AncienU. 

7-    • 

13.568,  Brimoa      ... 

11.352,    ditto 

7.291,    ditto        .    -^ 

«y    . 

6  702,    ditto       .       . 

Ji.    . 

9.822,    ditto        .       . 

1530,  Described  by  AgricoU. 

6.861  to  7.1,  ditto 

16th  century,  first  mentioned  by  Paracelsus. 

'   .    • 

5.884,  Tarncr      .     \ 
8538,  HiQy         .     / 

1733,  Brandt. 

m 

^.98,    Briuoa      .       . 

1741,  Wood,  assay-master,  Jamaica. 

.    , 

8.279,  Richter     . 

1751,  Cronstedt. 

nese  . 

6.850,  Bei^miio    . 

1774,  Gabn  and  Scheele.                                 ! 

ea 

17.6,      D'Elhuyart 

1781,  n*Elhuyart.                                              i 

am    . 

6.115,  KUprotk   .       . 

1762,  MOller.                                                    1 

leoam 

7.400,  Hielm 

1782,  Hielm. 

m.    . 

9.000,  Bucholz    . 

17H9,  Klaproth. 

im 

5.3,      WollMtoo 

1791,  Gregor. 

iaro  . 

.            .            .             ■ 

1797,  Vauquelin. 

bium. 

.            •            •             . 

1802,  Hatrhett. 

am    . 
im 

il3to]1.8,WollMtool 

1803,  WoUaston. 

1    .    ^ 

•            .            .             . 

1803,  Detcotils  and  Smithson  Tennant. 

m.    . 

.            .            • 

1803,  Smithson  Trnnant. 

1    .    . 

. 

1804,  Hisingcr  and  Berxelius. 

lam    . 

0.865  rOay.Lustac  ) 
0.972  Lao<lTbenArd 

a  .    . 

B    .     . 

1807,  Dary. 

iam    • 

. 

am 

8.604  Stronicyer  . 

1818,  Stromeyer.                                             j 

m  .    . 

.            .            .             1 

1818,  Arfwedson.                                             , 

iam  . 

. 

1824,  Berseliiis.                                               < 

nam  . 

..." 

, 

nm    . 

1            .            .             > 

1828,  WOhler. 

B  .    . 

... 

im.    . 

■            .            « 

1829,  Berzelius. 

isiom 

. 

1829,  BuMv. 

iam    .L           •           .            . 

1830.  Sefstrfim. 

nam    .[ 

1839,  Mosander. 
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Of  the  physical  properties  of  metals  and  their  comlmiatioiit 
wdth  each  other,  the  must  characteristic  is  their  lustre  and 
power  to  reflect  much  of  the  light  which  falls  upon  tfaem,  a 
]>roperty  exhibited  in  a  high  degree  by  burnished  steel,  ipeo- 
ulum  metal,  and  the  reflecting  surface  of  mercury  in  gIsH 
mirrors.  Metals  are  also  remarkable  for  their  opadty,  althom^ 
they  have  a  certain  degree  of  transparency  in  a  highly  sttm- 
uated  state,  as  fine  gold-leaf  allows  light  of  a  green  ookmr  to 
pass  through  it.  They  are  peculiarly  the  conductors  of  ehe- 
tricity,  and  also  the  best  conductors  of  heat.  The  most  ieam 
substances  in  nature  are  found  among  the  metals,  gold,  for  is- 
stance,  being  upwards  of  nineteen,  and  platinum  nearly  twentj- 
one  times  heavier  than  an  equal  bulk  of  water.  But  some  of 
the  metals,  notwithstanding,  are  very  light,  potassium  and  lO- 
dium  floating  upon  the  surface  of  water. 

Certain  metals  possess  a  valuable  property,  fnaUeabiUitft  de- 
pending upon  a  high  tenacity  with  a  certain  degree  of  loft* 
ness;  particularly  gold,  silver,  copper,  tin,  platinum,  paDi* 
dium,  cadmium,  lead,  zinc,  iron,  nickel,  potassium,  sodium,  nd 
solid  mercury.  These  metals  may  all  be  hammered  out  into 
plates,  or  even  into  thin  leaves.  In  zinc  this  property  is  found 
in  the  highest  degree  between  300°  and  400°,  and  in  iron  at  a 
degree  of  temperature  exceeding  a  red  heat.  The  same  metab 
are  likewise  ductile^  or  may  be  drawn  into  wires,  although  tbe 
ductility  of  different  metals  is  not  always  proportional  to  their 
malleability,  iron  being  highly  ductile,  although  it  cannot  be 
beaten  into  very  thin  leaves.  By  a  peculiar  method.  Dr.  Wol- 
laston  formed  gold  ^Wre  so  small  that  it  was  only  l-5000th  of 
an  inch  in  diameter,  and  550  feet  of  it  were  required  to  irdgh 
one  grain.  He  also  obtained  a  wire  of  platinum  not  moK 
than  1 -30,000th  of  an  inch  in  diameter*.  The  tenacity  of  diftr 
ent  metals  is  determined  by  ascertaining  the  weight  required 
to  break  wires  of  them  having  the  same  diameter.  Iron  ap- 
pears to  possess  that  property  in  the  greatest,  and  lead  in  the 
least  degree.  It  has  been  observed  by  M.  Baudrimont  that  tbe 
tenacity  of  \iire8  of  iron,  copper,  and  brass  is  much  injured  by 
annealing  thenif.  A  few  of  the  malleable  metals  can  be 
weided,  or  portions  of  them  joined  into  one  by  hammering  then 
together.     Pieces  of  iron  or  platinum  may  be  united  in  di 

•  Phil.  Trans.  1813.  f  An.  do  Ch.  ot  dc  Pli.  t.  60,  p.  7«- 
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or  at  a  bright  red  heat,  and  fragments  of  potassium  maj 
ide  to  adhere  by  pressing  them  together  with  the  hand  at 
anperature  of  the  air.  Many  metals  are  only  malleable  in 
r  degree,  and  some  are  actoally  brittle,  such  as  bismuth, 
KHiy,  and  arsenic. 

B  metals,  with  the  exception  of  mercury,  are  all  solid  at 
smperatare  of  the  air,  but  they  may  be  liquefied  by  heat, 
points  of  fusion  are  very  difierent,  as  will  appear  from 
iUowing  table* : 

ABLB   OF  TUB    PUSIBILITV    OF   DIFFBRBNT    METALS. 


Oiiy-LusMC  and  Tbenanl. 
^CrichtOD. 


FUir. 
^Mercury  .    — 39^    Differrnl  cbemisU. 

PoUMium  .      136  ' 

Sodiam  190 

rin        .  442 

Bismuib  497 

612  _ 

i^  •(  Telloriam — rather  leas  fu- 
***"  Bible  than  lead.  Klaproth. 

Anenio — undetermined. 
Zinc       •  .773      Daniell. 

Antimonj^T*  little  below 
aredhent. 
\Cadmhii&  442    Strooieyer. 

Silrer  .    18731 

/Copper  .           .    1996  I  Daniell. 

Gold  .    2016J 

Cobalt-— rather  leaa  fuaible 

than  iron. 

Iron,  cait  .    2786    Daniell. 

Iron,  malleable  .  .  1  Requiring  the  highest  heat  of  a  Bmith*a 


\ 


Manganeae  ./     forge. 

Nicl^l — nearly  the  aame  aa  cobalt. 

Pailadiam. 

WM  1  uj  fAlmoat  infnaible,  and   not 

Molybdenum   I      ^y^  procured  in  buttons 

Tungsten  ^' 


Fusible  before  the 
ozi-hydrogen  blow- 
pipe. 


forge. 
Chromium  N 
'Htaninm 

^IJ'*"™        llnfualble  in  the  heat  of  a  smith's  forge,  but  fusible 

Iridlnm'       /     before  the  ozi-hydrogen  bknr-pipe. 

Rhodium 

Platinum 

'Cohimbram. 

e  metallic  elements  are,  in  general,  highly  fixed  sub- 
B8,  although  it  is  probable  that  all  of  them  may  be  dis- 
id  at  the  highest  temperatures.  The  following  metals  are 
Aatile  as  to  be  occasionally  distilled,— cadmium,  mercury, 
ic,  teOmium,  sodium,  potassium  and  zinc. 

•  Dr.  Turner's  RlemenU  of  Chemistry,  p.  414. 
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All  the  metals  are  capable  of  uniting  with  oxygen,  buttlief 
differ  greatly  from  each  other  in  their  affinity  for  that  ek- 
ment.  The  greater  number  of  them  absorb  oxygen  ftom  diy 
air  at  the  usual  temperature,  and  undergo  oxidation, 
is  only  slight  and  superficial  in  many,  when  they  are  in 
but  may  be  complete  and  perfect  in  the  same  metals,  when  thej 
are  highly  divided,  and  in  a  favourable  state  for  combinationi 
as  in  the  lead  and  iron  pyrophorus  exposed  to  air.  The  sane 
metals  exhibit,  at  a  high  temperature,  a  more  intense  affinity 
for  oxygen,  and  combine  with  combustion.  The  onlymetih 
which  do  not  unite  with  oxygen  directly  in  any  drcumstaDM 
are  silver,  palladium,  platinum,  gold,  and  probably  rhodiiiii 
and  iridium. 

The  metals  have  been  arranged  in  six  groups  or  sectioni^ 
differing  in  their  degrees  of  oxidability.  1 .  Metals  which  de 
compose  water  even  at  32°,  with  lively  effervescence,  namelji 
potassium,  sodium,  lithium,  barium,  strontium,  caldum,  aad 
probably  magnesium.  2.  Metals  which  do  not  deoompoK 
water  at  32^,  hke  the  metals  of  the  preceding  class ;  they  do  ut 
decompose  it  with  a  lively  effervescence,  except  at  a  tempot- 
ture  approaching  212^  or  even  higher,  but  always  much  below 
a  red  heat.  In  this  class  are  found  glucinum,  aluminuOy 
zirconium,  thorium,  yttrium,  cerium,  and  manganese.  8.  Me 
tals  which  do  not  decompose  water  except  at  a  red  heat,  or 
at  the  ordinary  temperature  with  the  presence  of  strong  adds. 
This  section  comprehends  iron,  nickel,  cobalt,  zinc,  cadzniain} 
tin,  chromium,  and  probably  vanadium.  Iron  is  rapidly  cor- 
roded in  water  containing  carbonic  acid,  with  the  evolution  d 
hydrogen.  4.  Metals  which  decompose  the  vapour  of  water 
at  a  red  heat  with  considerable  energy,  but  which  do  not  de- 
compose water  in  presence  of  the  strong  acids.  They  tf« 
tungsten,  molybdenum,  osmium,  columbium,  titanium,  anti- 
mony, and  uranium.  These  metals  appear  to  be  incapable  of 
decomposing  water  in  contact  with  acids,  because  their  oxidef 
have  but  a  small  basic  power,  being  indeed  bodies  which  U* 
ranked  among  the  acids.  5.  Metals  of  which  the  oxides  ar< 
not  decomposed  by  heat  alone,  and  which  decompose  water  onlj 
in  a  feeble  manner,  and  at  a  ver}'  high  temperature.  They  arc 
also  distinguished  from  the  preceding  class  by  their  tendency  to 
form  basic  and  not  acid  oxides.  These  metals  are  copper,  le«4 
and  bismuth,     (i,  Metals  of  which  the  oxides  are  reducible  bf 
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»iie  at  ft  temperature  more  or  less  elevated ;  these  metals 
ieoompose  water  in  any  circumstances.  They  are  mor- 
iTer,  palladium,  platinum,  gold,  and  probably  rhodium 
liam*.  It  is  to  be  remarked  of  nearly  all  tlie  metals 
eoompose  the  vapour  of  water,  and  consequently  sepa- 
Irogen  from  oxygen  at  a  certain  temperature,  that  their 
le  reduced,  notwithstanding,  with  great  facility  by  hydro- 
,  and  within  the  same  limits  of  temperature.  This  ano- 
reault  has  already  been  adverted  to  in  regard  to  iron 

I. 

le  thirteen  non-metallic  elements,  hydrogen  only  forms 
oxide  capable  of  uniting  with  acids.  It  is  a  general 
vr  of  the  metals,  on  the  contrary,  to  form  such  oxides, 
ium  be  excepted,  which  is  more  analogous  in  its  chemical 
ies  to  sulphur  than  to  the  metals.  Hence,  as  the  former 
re  principally   salt-radicals,    the    latter  are   principally 

protoxides  of  metals  are  uniformly  and  strongly  basic, 
.  feature  becomes  less  distinct  in  their  superior  oxides, 
Bes  into  the  acid  character  in  the  high  degrees  of  oxida- 
which  some  metals  are  susceptible.  Thus,  of  manga- 
le  protoxide  is  a  strong  base,  the  deutoxide  basic  but 
a  degree  than  the  protoxide ;  the  peroxide  indifferent, 
;  still  higher  oxides  are  the  manganic  and  hypermanga- 
Is,  which  are  respectively  isomorphous  with  sulphuric 
perchloric  adds.  A  few  metals  which  have  no  protox- 
ch  as  arsenic  and  antimony,  are  most  remarkable  for  the 
ey  form  ^-ith  oxygen,  and  thus  more  resemble  in  tlieir 
1  hiatory  die  elements  of  the  non-metallic  class.  It  is 
mpossible  to  draw  an  exact  line  of  demarcation  lietwecn 
classes  of  elements,  either  with  reference  to  their  physi- 
lemical  properties. 

ea  combining  with  oxygen,  metals  combine  with  sul- 
hlorine,  and  with  other  salt-radicals,  whether  simple  or 
nd,  and  hence  sulphurets,  chlorides,  and  numerous 
sries  of  metallic  compounds.  Of  these  series  the  sul- 
most  resemble  the  oxides  of  the  same  metals;  the 
a  and  other  series  partake  more  strongly  of  the  saline 
sr.    Each  metal,  or  class  of  metals  affects  combination 

•  iUgnault,  Ann.  do  Ch.  ct  de  Ph.  t  62,  p.  368. 
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with  oxygen  in  certain  proportions^  and  combines  also  with 
sulphur,  chlorine,  &c.,  in  the  same  proportions.  Hence,  gifsa 
the  formulae  of  the  oxides  of  a  metal,  the  formulie  of  its  nil- 
phurets,  chlorides,  &c.,  may  generally  be  predicated,  u  thflj 
correspond  with  the  former.  Thus  the  oxides  of  iron  bong 
Fe  O  and  Fe^,  O3,  the  sulphurets  are  Fe  S  and  Fe,  8,,  and  die 
chlorides  Fe  CI  and  Fe,  CI,;  the  oxides  of  arsenic,  or  ancnimi 
and  arsenic  acids,  being  As  O^  and  As  O5,  the  sulphuiets  of  tkl 
metal  are  As  S3  and  As  85,  and  the  chlorides  As  CI3  and  AsGIyi 
But  sometimes  a  metal  unites  with  sulphur  in  more  ratios  thai 
with  oxygen,  both  iron  and  arsenic,  for  example,  possessing  isdi 
a  sulphuret  to  which  they  have  no  corresponding  oxide,  nssady 
martial  pyrites  and  realgar,  of  which  the  formuls  are  Fe  8|  ssi 
As  83.  The  potassium  family  of  metals  combine  also  witt 
three  and  five  equivalents  of  sidphur,  without  all  unitiiig  vith 
oxygen  in  such  high  proportions.  Again,  certain  metals  of  At 
magnesian  and  its  allied  famiUes,  such  as  manganese  and  dno- 
mium,  form  acid  compounds  with  oxygen,  to  which  no  conei- 
ponding  sulphurets  exist,  such  as  manganic  and  chromic  aad% 
Mn  O3  and  Cr  O3.  But  the  circumstance  that  these  aoidi  in 
isomorphous  with  sulphuric  acid,  and  tlie  metals  they  contun 
isomorphous  with  sulphur,  appears  to  be  a  sufficient  reaaos 
why  there  should  not  be  similar  sulphur  acids.  The  chloiidii 
of  a  metal  generally  correspond  in  nrnnber,  as  they  always  do 
in  composition,  with  the  oxides ;  in  some  cases  they  are  leu 
numerous,  but  never,  I  beheve,  more  numerous  dian  the  oxidei 
of  the  same  metal. 

Com1)]nation  takes  place  within  a  series,  that  is,  oxides  oom- 
bine  with  oxides,  sulphurets  with  sulphurets.  Those  memben 
of  the  same  series  wliich  differ  greatly  in  chemical  cliaracten 
being  most  disposed  to  combine  together,  as  oxygen  acids  with 
oxygen  bases,  sulphur  acids  with  sulphur  bases.  Chlorides  abo 
combine  with  chlorides,  to  form  double  chlorides^  and  iodidei 
with  iodides. 

Compounds  belonging  to  different  series,  on  the  contnr^) 
do  not  combine  together,  but  often  mutually  decompose  esi 
other,  when  brought  into  contact.  Tlius  hydrochloric  add  and 
potash  do  not  unite,  but  form  water  and  chloride  of  potassiiA 
by  mutual  decomposition,  as  explained  in  the  following  dir 
gram : — 


Hrdrochloric/Hydroeen ,  Water 


I  Chlorine  .       ^y^ 

f  Oxygen    •^^^'C. 

1  Potassium  >^< 
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Before  decoiupoiitioii.  After  decoiiip(»sition 

drochloric  f  Hydroge 
acid         1  Chlorine 

1  Potassium  ._.Il!^ Chloride  of  Potassium. 

In  the  same  manner,  peroxide  of  iron,  dissolved  in  hydro- 
cUoric  acid,  produces  water  and  a  perchloride  of  iron  corres- 
ponding with  the  peroxide :  3  H  CI  and  Fe,  0,^3  II  O  and 
F<^  Clj*  And  in  all  cases  when  a  metallic  oxide  dissolves  in 
liydnxshloric  add,  without  evolution  of  chlorine,  the  chloride 
pfoduoed  necessarily  corresponds  with  the  oxide  dissolved. 
Again^  oqnment,  or  sulpharsenious  acid  does  not  combine 
with  potash,  when  dissolved  in  that  alkaline  oxide,  but  gives 
The  to  the  formation  of  certain  proportions  of  arscnious  acid, 
md  solphnret  of  potassium  : — 

Before  dccompoiition.  After  decompoiition. 

Sulpharsenious  f     Arsenic    . Arsenious  acid. 

acid  1 3  Sulphur   .  ^^^^y^ 

a  p^f^i.         /  3  Oxygen    .P**^\^ 

1 3  Potassium -^3  Sulphuret  of  potas. 

Two  pairs  of  compounds  of  different  series  then  coexist  in  the 
liquid,  an  oxygen  acid,  arsenious  acid,  which  unites  with  the 
oiygen  base,  potash,  and  a  sulphur  base,  sulphuret  of  potas- 
«um,  which  unites  with  undecomposed  sulpharsenious  acid. 
Hence  tlie  result  of  dissolving  orpinicnt  in  ixitash  is  the  decom- 
position of  both  compounds  and  formation  of  two  salts  of 
different  series,  arsenite  of  potash  and  sulpharsenite  of  sulphu- 
itt  of  potassium. 

The  imion  of  metallic  compounds  of  the  oxygen  and  sul- 
pkur  series  is  a  rare  occurrence.  But  the  red  ore  of  antinxjny 
tt  such  a  combination,  and  oxisulpluirets  of  mercury  also  exist. 
Compounds  of  metallic  oxides  with  metallic  chlorides,  and  with 
other  highly  saline  binary  compounds,  are  more  frequent ; 
but  they  are  not  to  be  placed  in  the  same  category  with  the 
compounds  of  individuals  both  belonging  to  the  same  series, 
which  last  are  neutral  salts.  For  a  metallic  oxichloridc  may 
generally,  if  not  always,  be  viewed  as  a  chkiride  to  which  a  ccr- 
^n  proportion  of  metallic  oxide  is  attached,  like  constitutional 
^ter  in  a  hydrated  salt.  That  metallic  oxide  is  likewise  aU 
^ys  of  the  magnesian  class,  or  of  a  class  allied  to  it.     Oxiclilu- 
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rides  are  then  to  be  associated  with  those  salts  of  ozygo^-addi 
usually  denominated  subsalts  (page  169);  the  ozidiloridoi  of 
lead  and  of  copper,  Pb  Cl+3  Pb  O  and  Cu  Cl+3  Cu  O,  irith 
the  subacetates  and  subsulphates  of  the  same  metals. 

Arrangement  of  metallic  eletnent9.'^A  distribution  of  tbe 
metals  into  three  classes  is  generally  made,  composed  leipeD- 
tively  of  the  metals  of  the  alkalies  and  alkaline  earths,  the  me- 
tals of  the  earths,  and  the  metals  proper.  The  latter  dm 
again  is  subdivided,  according  to  the  aflinity  of  the  metds  oor 
tained  in  it  for  oxygen,  into  the  two  groups^  the  nohk  and 
common  metals,  the  oxides  of  the  former,  such  as  gold,  flbtfy 
&c.,  abandoning  their  oxygen  at  a  high  temperature,  while  tk 
oxides  of  the  latter,  lead,  copper,  &c.,  are  undecomposaUe  bf 
heat  alone.  In  treating  of  the  metak,  I  shall  introduce  them  B 
the  order  which  appears  to  facilitate  most  the  study  of  tlidr 
combinations,  with  a  general  reference  to  that  old  clnnnififfstKP- 
'  For  subdivisions,  I  shall  avail  myself  of  the  natural  ftnuEs 
into  which  the  elements  have  been  arranged  (page  142),  wtiA 
have  the  advantage  of  bringing  together  those  metals  of  wbicb 
the  compounds  are  most  frequently  isomorphous.  The  diftool 
metals  will  therefore  be  grouped  under  the  following  heads:— 

I.  Metallic  bases  of  the  alkalies — ^tliree  metals : 

Oxides* 
Potassium  .  .  .  Potash. 
Sodium  .         .         Soda. 

Lithium  .         .         Lithia. 

II.  Metallic  bases  of  the  alkaline  earths — four  metals : 

Oxides. 
Barium  .         .         Barytes. 

Strontium  .  Strontian. 

Calcium  .         .         .         Lime. 

Magnesium      .         .  Magnesia. 

III.  Metallic  bases  of  the  earths  proper — five  metals: 

Oxides. 
Aluminum        .         .  Alumina. 


Glucinum 
Zirconium 
Yttrium 
Thorium 


Glucina. 
Zirconia. 
Yttria. 
Thorina. 
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Metals  proper,  of  whidi  the  protoxides  are  isomorphous 
agnfjsisy  with  bismuth— nine  metals : 

Manganese.  Cadmium. 

Iron.  Copper. 

Cobalt.  Lead. 

NickeL  Bismuth. 

Zinc. 
Dther  metals  proper  having  isomorphous  relations  with 
Ignesian  fiunily — seven  metals : 

Tin.  Tungsten. 

Titanium.  Molybdenum. 

Chromium.  Tellurium. 

Tanadium. 
Metals  isomorphous  with  phosphorus — two  metals  : 

Arsenic.  |  Antimony. 

•  Metals  proper^  not  included  in  the  forgoing  classes,  of 
the  oxides  are  not  reduced  by  heat  alone— four  metals : 

Uranium.  I  Lantanum. 

Cerium.  |  Columbium  or  Tantalum. 

L  Metals  proper^  of  which  the  oxides  are  reduced  to  the 
ie  state  by  heat,  (noble  metals)-^three  metals : 

Mercury.  I  Gold. 

Silver.  | 

Metals  peculiar  to  native  platinum  (noble  metals) — five 


Platinum. 

Fdladium. 

Iridium. 


Osmium. 
RlKMliuni. 


ORDER  L 

METALLIC  BASES  OF  THE  ALKALIES. 

SECTION    I. 

POTASSIUM. 

Syn.  Kalium.     Eg.  490  or  39.3;  K. 

I  alkalies  and  earths  have  long  been  named  and  distin- 
sd  from  each  other^  but  they  were  not  known  to  be  the 
I  of  peculiar  metals  till  a  recent  period.    The  terms  ap- 
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plied  to  the  new  metallic  bases  are  formed  from  the  aunei  of 
their  oxides^  as  potassium  from  potash^  and  caldun  from  eifa^ 
a  name  sometimes  given  to  lime ;  while  the  original  names  of 
the  oxides  are  still  retained^  as  those  of  ordinary  objects,  and 
not  superseded  by  appellations  indicating  their  relation  to  die 
metals^  such  as  oxide  of  potassium  for  potash,  or  oxide  of  ol- 
cium  for  lime. 

Preparation. — In  1807,  Sir  H.  Davy  made  the  memoilhb 
discovery  that  potash  is  resolved  by  a  i)owerfuI  voltaic  batter} 
into  potassium  and  oxygen.  He  placed  a  moistened  firBgrncBk 
of  hydrate  of  potash  upon  mercury,  introducing  the  temuml 
wire  from  the  zinc  extremity  of  an  active  battery  (the  chb- 
roid)  into  the  fluid  metal^  and  touching  the  potash  witk  th 
other  terminal  wire  (the  zincoid) ;  bubbles  of  oxygen  gas  ^ 
peared  at  the  latter  wire,  and  potassium  was  liberated  at  Ae 
former,  and  dissolving  in  the  mercury,  was  protected  bom 
oxidation  by  the  air.  To  effect  this  decomposition,  Davy  enh 
f^yed  a  battery  of  200  pairs  of  four-inch  plates ;  but  an  amalgam 
of  potassium  may  be  as  readily  obtained  by  a  more  simple  voltak 
apparatus,  in  the  manner  described  at  page  239.  These  pro- 
cesses, however,  afford  potassium  only  in  minute  quantity. 
Soon  after  the  existence  of  this  metal  was  known,  6ay-Lussae 
and  Thenard  discovered  that  potash  is  decomposed  by  iron  at  a 
white  heat,  and  they  contrived  a  process  by  which  a  more  abun- 
dant supply  of  the  metal  was  obtained.  It  was  afterwards  noticed 
by  Curaudau  that  potash,  like  the  oxides  of  common  metals,  b 
decomposed  by  charcoal  as  well  as  by  iron,  which  is  the  basis 
of  the  process  for  potassium  now  always  followed. 

Tills  interesting  and  useful  process  is  described  by  Mitscher- 
lich,  as  it  is  successfully  pursued  in  Germany.  Whenerer 
charcoal  is  used  to  deprive  a  metallic  oxide  of  its  oxygen,  tbe 
former  must  be  in  a  state  of  minute  division,  and  be  intimately 
mixed  with  tlie  latter.  Carbonate  of  potash  requires  this  pre- 
caution the  more,  that  it  fuses  at  a  red  heat,  and  is  thus  apt  to 
separate  from  the  charcoal,  and  sink  below  it.  It  is  found  thai 
the  best  means  to  obtain  a  pro])er  mixture  of  these  substances 
is  to  calcine  a  salt  of  potash  containing  a  vegetable  acid,  whidi 
leaves  a  large  quantity  of  charcoal,  when  decomposed.  Cmde 
tartar  (bitartrate  of  potash)  is  preferred,  and  for  one  operation 
six  pounds  of  tliat  salt  are  ignited  in  a  large  cruciUe  or  meltinp 
pot  provided  with  a  lid,  so  long  as  combustible  gases  are  dir 
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tngsjged*  The  crucible  is  tlien  withdrawn  from  the  fire,  and  is 
fuand  to  cxratain  a  black  mass,  which  is  the  mixture  of  char- 
Qoal  and  carbonate  of  potash,  knowTi  as  black  flux.  It  is  re- 
!d  to  powder,  while  still  warm,  and  immediately  mixed 
about  ten  ounces  of  wood-charcoal  in  small  pieces,  or  in  a 
powder,  from  which  the  dust  has  been  separated  by  a 
The  use  of  this  additional  charcoal  is  to  act  as  a  sponge, 
and  absorb  the  potash  when  liquefied  by  heat.  The  mixture 
is  introduced  into  a  bottle  of  wrought  iron,  and  a  mercury 
bottle  (page  244)  answers  well  for  the  purpose,  but  must  be 
killed  to  redness  before  hand,  to  expel  a  little  mercury  that  re- 
SQiios  in  it.  The  mouth  of  the  Ijottle  is  enlarged  a  little  by 
Dcaiis  of  a  round  iile^  and  af  straight  iron  tube  of  4  or  5 
inebea  in  length  fitted  into  the  opening,  by  grinding.  The 
bottle  and  tube  thus  form  a  retort,  which  is  supported  horiaon- 


Fio.  45. 


brick  furnace,  as  represented  (Fig,  45)  in  which  a  is  the 

*^tia  bottle  resting  upon  two  bars  of  iron  o  Oy  to  which  it  may 

^lacft  be  firmly  bound  by  iron  wire.     These  bars  cross  the  fur- 

^lloe  ail  m  height  of  5  or  6  inches  above  the  grate-bars.     A 

^tijdtiam  of  equal  parts  of  coal  and  coke  makes    an  excellent 

htk  fot  tltb  furnace.     The  tube  b  of  the  bottle  projects  through 
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an  aperture  in  the  side-wall  of  the  furnace,  and  enters  t  re- 
ceiver of  a  peculiar  construction  required  to  condense  the  po- 
tassium, which  distils  over.  This  receiver  is  composed  of  tiro 
separate  copper  cylinders  or  oval  boxes,  hard  soldered,  »- 
milar  in  form  and  size,  which  are  repre^nted  in  section  in 
figure  46,  the  one  bnd  being  introduced  within  FiG.  46. 
the  other  ff  hk,  and  thus  forming  together  a 
vessel  of  which  bnd  is  the  cover.  It  will  also 
be  observed  that  bnd  is  divided  into  two 
cells  by  a  diaphragm  i,  of  the  same  length  as 
the  cylinder,  and  descending  with  it  to  within 
two  inches  of  the  bottom  ho{  ghk.  A  ribbon 
of  copper  g  is  soldered  around  bndj  so  as  to  form  a  ledgi^ 
which  is  seen  in  both  figures^  and  serves  as  a  support  for  i 
cage  of  iron-wire  c  (/,  placed  over  the  receiver  during  the  distil- 
lation, to  hold  ice,  and  also  to  shed  the  water  from  the  liqiw* 
faction  of  that  ice,  which  falls  into  a  tray  p  below,  and  flowi 
off  by  the  tube  /.  The  cover  has  also  two  short  copper  tuba 
d  and  b,  of  which  the  copper  of  b  is  notched  so  as  to  cliip 
firmly  by  its  elasticity  the  tube  b  from  the  iron  bottle^  whid 
is  fitted  into  it.  llie  other  tube  (/,  which  is  exactly  opposite 
to  by  is  fitted  with  a  cork,  and  the  diaphragm  t  has  a  smaD 
hole  in  it  to  allow  of  a  rod  being  passed  through  b  and  d 
In  the  same  part  of  the  apparatus  is  a  third  opening,  to  which 
a  glass  tube  x  is  fitted  by  a  cork,  for  the  escape  of  uncon- 
densible  gases.  The  receiver  is  filled  to  about  one-third  with 
rectified  petroleum,  a  liquid  containing  no  oxygen,  so  as  to 
come  near  to,  but  not  to  cover  tlie  bottom  of  the  partition  i. 
The  length  of  the  bottle  is  1 1  inches,  its  width  4,  and  the  other 
parts  of  the  apparatus  are  designed  upon  the  same  scale. 

Potassium  and  carbonic  oxide  gas  are  die  principal  products 
of  the  decomposition  of  the  carbonate  of  potash,  but  other 
substances  besides  these  are  found  in  the  receiver,  namely,  » 
black  mass  very  rich  in  potassium,  some  oxalate  and  crooonate 
of  potash  and  free  potash,  with  a  portion  of  charcoal  powder 
carried  over  mechanically.  Part  of  these  products  appear  to 
be  formed,  after  tlie  reduction  of  the  potassium,  by  the  mutoil 
reaction  of  that  metal,  carbonic  oxide  and  petroleum.  The  pro- 
cess is  found  to  succeed  best  when  the  iron  tube  b  is  so  short 
that  it  can  be  maintained  at  a  red  heat  through  its  whole  length 
during  the  operation,  while  the  receiver  is  kept  at  a  verylov 
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nperatare ;  the  potassivtm  then  falls  from  the  tube,  drop  by 
3p,  into  the  receiver,  and  does  not  remain  long  in  contact  with 
rbonic  oxide,  which  is  knou^  to  combine  readily  with  that 
;taL    One  or  two  other  points  should  also  be  attended  to. 
le  connexion  between  the  tube  b  and  the  receiver  is  not  made 
I  the  iron  bottle  has  been  heated  to  redness,  to  allow  of  the 
cape  of  a  little  water,  and  of  a  trace  of  mercury,  which  had  re- 
uned  in  the  bottle  in  the  state  of  vapour,  and  which  come  off 
■L    The  joining  of  the  tube  b  is  not  air-tight  at  first,  and 
ows  a  little  potassium  vapour  to  escape,  but  this  bums  and 
nns  potash,  which   immediately  closes  the  openings.    This 
be  being  always  incandescent,  and  the  refrigeration  properly 
ide,  the  reduction  sometimes  proceeds  without  interruption, 
it  the  tabe  is  sometimes  obstructed,  as  appears  by  the  gases 
uing  to  escape  by  x.     Haste  must  then  l>e  made  to  open 
e  tabe  i,  and  to  clear  it  by  means  of  a  flattened  iron  rod  /, 
ghdy  hooked  at  its  anterior  extremity.     Care  has  been  taken 
mark  on  this  rod,  with  the  scratch  of  a  file,  how  far  it  has  to 
tnetrate  into  the  apparatus  to  reach  the  mouth  of  the  bottle, 
id  it  must  not  be  introduced  farther.    The  current  of  air 
rough  the  furnace   is   regulated   by  a  register  valve  in   the 
limney,  and  the  fire  stirred  frequently  so  as  to  prevent  the 
nnation  of  cavities ;  the  operator  being  guided  in   the  ma- 
igement  of  the  fire  by  the  rapidity  of  the  current  of  gas  which 
eapes  by  the  tube  x.    To  terminate  the  operation,  the  grate 
na  may  be  thrown  down^  by  which  the  fuel  will  fall  into  the 
ih-pit.    The  quantity  of  crude  tartar  mentioned  yields  about 
ounces  of  potassium,  which  is  about  4  per  cent  of  its  weight, 
lie  potassium  thus  obtained,   containing  a  little  carbon  che- 
idcaUy  combined  with  it,  is  submitted^  together  with  the  black 
DISS  found  in  the  receiver,  to  a  second  distillation.     For  this 
mrpoae  a  smaller  iron  bottle  with  a  bent  tul)e  may  be  employed, 
be  end  of  which  is  covered  by  rectified  petroleum  in  a  capaci- 
108  flask,  used  as  a  receiver.* 
Properties. — Potassium  is  solid    at   the  usual   temperature, 
^  so  soft  as  to  yield  like  wax  to  the  pressure  of  the  fingers. 
^  fieth  sur&ce  has  a  white  colour,  with  a  shade  of  blue,  like 
M|  but  is  almost  instantly  covered  by  a  dull  film  of  oxide, 
riien  exposed  to  air.    The  metal   is  brittle  at  32<),  and  has 
Itai  observed  crystallized  in  cubes :  it  is  semi-fluid  at  JQo^ 
*  MiUcberlich,  El^mena  de  Chimiey  t.  3,  p.  8. 
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and  becomes  eompletely  liquid  at  150>|  It  may  be  distilled  it 
a  low  red  heat,  and  forms  a  vapour  of  a  green  ooloor.  FMm- 
sium  is  considerably  lighter  than  water^  its  density  being  0.865 
at  600. 

Potassium  oxidates  gradually  without  combustion  when  ex- 
posed to  air^  but  heated  till  it  b^ns  to  vaporise,  it  takes  fin 
and  burns  with  a  violet  flame.  The  avidity  of  this  metd  fior 
oxygen  is  strikingly  exhibited  when  a  fragment  of  it  is  thnnm 
upon  water.  It  instantly  decomposes  the  water^  and  so  much 
heat  is  evolved  as  to  kindle  the  potassium^  which  moves  aboiit 
upon  the  surface  of  the  water,  burning  with  a  strong  fluoe,  of 
which  the  vivacity  is  increased  by  the  combustioa  of  the  hy> 
drogen  gas  disengaged  at  the  same  time.  A  globule  of  fami 
potash  remains,  which  continues  to  swim  about  upon  the  soP* 
face  of  the  water  for  a  few  seconds,  but  finally  produces  an  ex* 
plosive  burst  of  steam,  when  its  temperature  faUs  to  a  certiiB 
point,  illustrating  the  phenomenon  of  a  drop  of  water  on  a  hot 
metallic  plate  (page  47.) 

Potassium  appears  to  have  the  greatest  affinity  of  all  bodiei 
for  oxygen,  at  temperatures  which  are  not  exceedingly  elevated: 
It  decomposes  nitrous  and  nitric  oxides,  and  also  carbdnie 
oxide  gas  at  a  red  heat,  although  potash  is  reduced  to  die 
metallic  state  by  charcoal  at  a  white  heat.  It  has  already  been 
stated  that  the  oxides  and  fluorides  of  boron  and  silicon  are  de- 
composed by  potassium,  and  besides  these  elements,  severs!  of 
the  metallic  base^  of  the  earths  are  obtained  by  means  of  this 
metal.     It  is  indeed  a  reducing  agent  of  the  greatest  value. 

COMPOUNDS  OF  POTASSIUM. 

Potash  or  potassa ;  KO ;  590  or  47.26. — Potassium  exposed 
in  thhi  slices  to  dry  air  becomes  a  white  matter,  which  is  die 
protoxide  of  potassium  or  potash.  This  compound  is  fusible 
at  a  red  heat,  and  rises  in  vapour  at  a  strong  white  heat  It 
unites  with  water,  with  ignition,  and  forms  a  fusible  hydrste, 
which  is  tl)e  ordinary  condition  of  caustic  potash. 

The  hydrate  of  potash  is  obtained  in  quantity  from  the  car- 
bonate of  potash.  Equal  weights  of  that  salt  and  of  quick- 
lime  are  taken,  the  latter  of  which  is  slaked  with  water,  and 
falls  into  a  powder  consisting  of  hydrate  of  lime ;  the  former 
is  dissolved  hi  from  G  to  10  times  its  weight  of  water,  and  both 
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boiled  together  far  half  an  hour  in  a  clean  iron  pan.  The  lime 
ibstncts  ctubotnic  acid  from  the  potash,  and  becomes  carbonate 
tf  Ufflie;  a  reaction  which  may  be  illustrated  by  adding  hme- 
.laterto  a  solution  of  carbonate  of  potash,  when  a  precipitate  of 
mate  of  lime  fails.  When  the  potash  has  been  deprived 
[y  of  carbonic  acid,  a  little  of  the  clear  liquid  taken  from 
will  be  found  not  to  effervesce  upon  the  addition  of  an 
it.  It  19  remarkable  that  the  decomposition  is  never 
if  the  carbonate  of  potash  be  dissolved  in  less  than 
ibed  quantity  of  water,  Liebig  has  observed  that  a 
solution  of  potash  decomposes  carbonate  of  hme, 
[uently  hydrate  of  Lime  could  not,  in  the  same  circum- 
decorapose  carbonate  of  potash.  The  pan  being  co- 
bf  a  lid^  may  be  allowed  to  cool ;  as  the  insoluble  carbo- 
of  lime  and  the  excess  of  hydrate  of  lime  subside,  a  con- 
ile  quantity  of  the  clear  solution  of  potash  may  be  drawn 
a  syphon,  and  the  remainder  may  be  obtained  clear  by  fil- 
In  the  latter  oj>eration  a  large  glass  funnel  may  be  em- 
to  support  a  filter  of  washed  cotton  calico,  into  which 
lemains  in  the  pan  is  transferred,  A  small  portion  of  liquid, 
piaatses  tlirough  turbid  at  first,  should  be  returned  to 
ter.  As  the  solution  of  potash  absorbs  carbonic  acid,  it  is 
to  conduct  its  filtration  with  as  Httle  exposure  to  air  as 
on  which  account  the  mouth  of  the  funnel  should  l^e 
covered  by  a  plate,  ajid  the  liquid  which  flows  from  it  be  im- 
iy  received  in  a  bottle,  in  the  mouth  of  which  the  funnel 
e  supported.  The  bottle  in  which  potash  is  preserved 
not  be  of  crystal,  or  of  a  material  containing  lead,  as  the 
corrodes  such  glass,  particularly  when  its  natural  sur* 
m  been  cut. 
o  obtain  the  solid  hydrate  of  potash,  the  preceding  solution 
rapidly  evaporated  in  a  clean  iron  pan  or  silver  bason,  till  ati 
tiqaid  remains  at  a  high  temperature,  which  contains  no 
a  single  equivalent  of  water.  This  liquid  is  poured 
cylindrical  iron  moulds,  to  obtain  it  in  the  form  of  sticks, 
ii  are  used  by  surgeons  as  a  cautery,  and  are  the  potas^a  or 
Jusa  of  the  pharmacopeia ;  a  form  in  which  it  is  also 
it  to  have  potash  for  some  chemical  purposes.  The 
geaerBlly  contain  a  portion  of  carbonate  of  potash,  be* 
m  little  oxide  of  iron  and  peroxide  of  potassium,  the  last 
Bck  gires  ooeasion  to  the  evolution  of  a  little  oxygen  gaa 
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when  the  sticks  are  dissolved  in  water.  To  obtain  hydnte  of 
potash  free  from  carbonate,  the  sticks  are  dissoked  in  alooholi 
in  which  the  foreign  impurities  are  insoluble,  juad  the  aloohdk 
solution  is  evaporated  to  dryness. 

The  pure  and  fused  hydrate  of  potash  is  a  solid  white  man  d 
a  structure  somewhat  crystalline,  of  sp.  gr.  I.7O6,  fusiUeiti 
heat  under  redness.     It  is  a  protoliydrate,  and  cannot  be  de- 
prived of  its  combined  water  by  the  most  intense  heat.    It  de- 
stroys animal  textures.    It  rapidly  deliquesces  in  damp  air,  fioi  | 
the   absorption   of  moisture,  is  soluble  in  half  its  wei|^  4  \ 
water,  and   also  in  alcohol.     Mixed  in  powder  with  a  snal  ' 
quantity  of  water,  it  forms  a  second  crystalline  combinBtioih  . 
which  is  a  terhydrate ;  and  its  solution  in  water  affords,  at  t  j 
very  low  temperature,  crystals  in  the  forms  of  four-aided  tahhl  i 
and  octohedrons,  which  are  a  pentahydrate,  KO,  HO +4  HOl  • 

The  solution  of  potash,  or  potash  ley,  has  a  'slight  but  pcc» 
liar  odour,  characteristic  of  caustic  alkalies,  which  they  Mt 
quire  from  their  action  upon  organic  matter,  derived  firom  flf 
atmosphere  or  other  sources.  The  skin  and  other  animal  nk^ 
stances  are  dissolved  by  this  liquid.  It  is  highly  caustic^  lai 
its  taste  intensely  acrid.  It  has  those  properties  which  IR 
termed  alkaline  in  an  eminent  degree.  It  neutralises  the  mo^ 
powerful  acids,  restores  the  blue  colour  of  reddened  litmo^ 
changes  the  blue  infusion  of  cabbage  into  green,  but  in  a  sbtft 
time  altogether  destroys  these  vegetable  colours.  It  acts  ugm 
fixed  oils,  and  converts  them  into  soaps,  which  are  solubk  in 
water.  It  absorbs  carbonic  acid  with  great  avidity  fromtb 
air,  on  which  account  it  should  1)e  preserved  in  well  sfeopt 
bottles. 

The  presence  of  free  potash  or  soda,  in  solutions  of  their  00- 
bonates,  may  be  discovered  by  nitrate  of  silver,  the  oxide  of 
which  is  precipitated  of  a  brown  colour  by  the  caustic  aUflriif 
while  the  white  carbonate  of  silver  only  is  precipitated  by  tbe 
pure  carbonated  alkali.  Potash,  whether  free,  or  in  combinatioi 
with  an  acid  as  a  soluble  salt,  may  be  detected  and  diatingiuiiM' 
from  soda  and  all  other  substances,  by  means  of  certain  aodi^ 
&c.,  which  form  sparingly  soluble  compounds  vriih  that  albL 
A  strong  solution  of  tartaric  acid  produces  a  precipitate  of  Vi^ 
tartrate  of  potash,  in  a  liquid  containing  1  per  cent  of  aaf 
potash  salt.  The  precipitate  is  crj'stalline,  and  does  notsp* 
pear  immediately,   but  is  thrown  down  on  stirring  the  liqsi' 
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strongly,  and  soonest  upon  the  lines,  which  have  been  clesc^rihed 
on  the  glass  by  the  stirrer.  A  similar  precipitation  is  (»ccn- 
doned  in  salts  of  potash  by  hy|M»rchloric  acid.  Also  by  cldo- 
ride  of  platinum,  which  forms  tlie  double  ctdoride  of  platinum 
and  potassium,  in  granular  octohedrons  of  a  pale  yell  »wc<iIour. 
In  the  separation  of  potash,  for  its  quantitative  estimation,  the 
list  reagent  is  preferre<l,  and  is  added  in  excess  to  tlie  potash 
solation,  together  with  a  few  drops  of  hydrocldoric  acid,  wliich  is 
Aen  evaporated  by  a  steam  heat  to  dryness.  Water  with  an 
admixture  of  alcohol  is  digested  upon  the  dry  residue,  which 
Assolves  up  e%'ery  thing  except  the  double  chloride  of  platinum 
and  potassium.  Ammonia  is  also  thrown  down  by  cldoride  of 
platinum ;  but  when  the  chloride  of  platiimm  and  aminonium 
is  beated  to  redness,  nothini;  is  left  exce])t  spon<;y  platinum, 
while  the  chloride  of  platinum  and  pot«issium  leaves  all  its  po- 
tsssium  in  the  state  of  chloride  mixed  with  tlie  platinum. 
F^tash  is  likewise  separated  from  acids,  by  means  <if  fluosilicic 
acid,  which  throws  down  a  light  gelatinous  precipitate,  the 
doable  fluoride  of  silicon  and  ])otassium. 

Potash  is  the  base  which  in  general  exhibits  the  liighest  atli- 
inty  for  acids;  it  precipitates  lime  and  the  insoluble  metallic 
taddeB  from  their  solutions  in  acids.  This  alkali  is  employed 
indifferently  with  soda  for  a  variety  of  useful  purposes  The 
jRincipal  combinations  of  potash  with  acids  will  be  described 
after  the  binary  compounds  of  potassium. 

Peroxide  of  potassium,  KO.,. — Heated  strongly  in  air  or  oxy- 
gen, potassium  combines  with  three  equivalents  of  oxyt^en. 
The  ultimate  residue  on  calcining  nitrate  of  potash  at  a  red 
heat  has  been  said  to  be  the  same  compound,  but  Mitscherhch 
finds  that  residue  to  be  potash.  The  peroxide  of  potassium  is 
deeoniposed  by  water,  being  converted  into  hydrate  of  potash, 
widi  evolution  of  oxygen  gas. 

When  potassium  is  burned  with  an  imperfect  su|)ply  of  air, 
a  grey  matter  is  formed,  which  Berzelius  believes  to  be  a  sub- 
ande  of  potassium.     It  is  not  more  stable  than  the  ])croxide. 

Sm^hurets  of  potassitim.  —  Sulphur  and  potassium,  when 
licated  together,  unite  with  incandescence,  and  in  several  pro- 
portions, two  of  wliich  corresjwnd  respectively  with  the  protox- 
ide and  peroxide  of  potassium.  The  prutostflphuret  may  he, 
obtained  by  transmitting  hydrogen  gas  over  sulphate  of  potash, 
heated  in  a  bulb  of  hard  aflass  to  full  redness,  when  the  whole 
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oxygen  of  the  salt  is  carried  off  as  water,  and  the  sfJ 
remains  in  combination  with  potassium,  forming  a  fusible 
compound  of  a  light  brown  colour.  Sulphate  of  p^itash  «]• 
cined  with  one-fourth  of  its  weight  of  pounded  charcoal  or  pit* 
coal,  in  a  ooTered  comish  crucible,  at  a  bright  red  hetlj 
converted  into  a  black  crystalline  mass^  which  is  also  pr 
sulphuret  of  potassium,  with  generally  a  small  quantity 
higher  sulphuret,  arising  from  the  combination  of  the  mli<*  rf 
the  crucible  with  potash  of  the  sulphate.  If  lamp-blaek 
used  instead  of  charcoal,  the  sulphuret  of  jxytassium 
having  a  great  affinity  for  oxygen,  and  being  in  a  highly  divi4 
state,  takes  fire,  when  exposed  to  the  air,  and  forms  a 
phorus.  The  solution  of  the  protosulphuret  in  water  is  hig 
caustic  3  it  is  decomposed  by  acids  with  efferveseence,  fipoiii  1 
escape  of  sulphuretted  hydrogen  gas,  but  without  any  de 
of  sulphur.  Being  a  sulphur  base,  it  combines  without  deeonp 
position  with  sulphur  acids. 

This  sulphuret  unites  directly  v^ith  sulphuretted  hydr 
and  the  same  compound  may  be  otherwise  formed,  namely,! 
transmitting  a  stream  of  sulphuretted  hydrogen  through 
potash,  so  long  as  the  gas  is  absorbed.     It  is  often  named  ^ 
bikydrosulpkurei  of  potash.      It   is  analogous  in  comj 
t43  hydrate  of  potash  in  the  oxygen  series. 

The  Ti*itosulphuret  is  formed  when  anhydrous  earbonalttj 
potash,  mixed  with  half  its  weight  of  sulphur,  is  mnintaio 
a  low  red  heat  so  long  as  carbonic  acid  gas  comes  off.     Of 
proportions   of  potash,  three  become   sulphuret  of  potaasti 
while  sulphuric  acid  is  formed  which  neutralises  the  fourth 
portion    of    potash:    4KO  imd    108  =  3X83    and    KO» 
With  ciirbonate  of  potash  and  sulphur,  in  equal  weights,  a  i 
lar  action  occurs,  at  a  temperature  above  the  fusing  point! 
sulphur,  but  five,  instead  of  three,  proportions  of  sulphur  1 
unite  with  one  of  potassium,  and  a  Penlasttlphurei  is  fo 
With  a  larger  proportion  of  carbonate  of  potash  the  same  «ulp 
ret  is  also  produced,  provided  the  temperature  doe»  not  ran 
exceed  the    boiling  point  of  sulphur,  and  the  excess  of  < 
nate  fuses  along  with  it,  without  undergoing  deconi|i 
A  sulphuret  obtained  by  fiising  sulphur  and  carbonate  o(] 
together  has  a  liver-brown  colour,  and  hence  its  old  pb 
C5©utic  name  Hepar  miphuris*    The  three  sulphurets  dc 
are  deliquescent,  and  are  all  soluble  in  water,  the  higtor  ( 
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phmeCs  giving  red  solutions.  They  may  indeed  be  prej^ared 
by  boiling  sulphur,  in  proper  proportions,  with  caustic  potash. 
A  nmultmoeous  formation  of  hyposulphurous  acid  then  occurs, 
m  afaneady  explained  (page  331.)  The  preparation.  Precipitated 
mJ^kuTy  is  obtained  by  adding  an  excess  of  hydrochloric  acid 
to  these  solutions,  when  much  sulphur  is  thrown  down,  although 
the  potassium  be  only  in  the  state  of  pnitosulphuret,  fur  the 
■olphoretted  hydrogen  arising  from  tlie  action  of  the  acid  on 
Alt  lolpburet,  meets  sidphurous  evolved  at  the  same  time  from 
tile  decomposition  of  hyposulphurous  acid,  and  these  gases 
mitiuJly  decompose  each  other,  with  the  formation  of  water 
■ed  sulphur.  The  excess  of  sulphur  in  the  alkaline  sulphurct 
also  precipitates  at  the  same  time.  The  peculLir  whiteness  of 
piecipitated  sulphur  is  owing,  acording  to  Rose,  to  its  containing 
a  little  persulphuret  of  hydrogen. 

Chloride  of  potassium ;  KCl;  932.6  or  74./. — Formed  by  the 
combustion  of  potassium  in  chlorine,  or  by  neutralising  hydro- 
diloric  acid  by  potash  or  its  carbonate.  It  is  also  derived  in 
conaiderable  quantity  from  kelp  (page  384.)  It  crystallizes  in 
cabes  and  rectangular  prisms,  resembles  common  salt  in  taste, 
iiaolable  in  3  times  its  weight  of  water  at  60^,  and  in  less  at 
SIS^.  When  pulverised  and  dissolved  in  4  times  its  weight 
cf  0(dd  water,  it  produces  a  depression  of  temperature  of 
90i  degrees ;  while  chloride  of  sodium,  dissolved  in  tlic  same 
Bumer,  lowers  the  temperature  only  3.4  degrees.  Upon  the 
diffeience  between  the  two  salts  in  tliis  property  is  founded  a 
nide  mode  of  estimating  their  proportions  in  a  mixture.  Chlo- 
fide  of  potassium  is  principally  consumed  in  the  manufa(*ture 
ofahm. 

lo^Me  of  potassium;  IK;  20G!>.4  or  165.82.— This  salt  is 
obtsined  by  dissolving  iodine  in  solution  of  potash  till  neutral, 
efiporating  to  dryness,  and  heating  to  redness,  to  decompose 
the  portion  of  iodate  of  potash  furmed.  It  is  more  soluble  than 
die  ddoride,  and  may  be  obtained  in  cubes  or  rectangular 
prisma,  wliich  are  generally  white  and  opaque,  and  have  an  alka- 
line  reaction  from  the  presence  of  a  trace  of  carbonate  of  potash. 
Hie  dry  salt  does  not  combine  with  more  iodine,  but  in  conjunc- 
tion with  a  small  quantity  of  water,  (I  l)elievc  4  equivalents)  it 
•bioibi  the  vapour  of  iodine  with  great  avidity,  and  runs  into 
&  liquid  of  a  deep  red,  almost  black,  colour.  According  to 
Binp,  a  saturated  solution  of  iodide  of  potassium  may  dissolve 
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80  much  as  two  equivalents  of  iodine,  but  allows  one  eqotT 
to  precipitate  when  dilated.     Iodide  of  potassium  is  much  i 
in    medicine ;    it   is   not   poisonous   in  doses  of    one  or 
drachms.     Its  solution  is  also  employed  as  a  vehicle  for  iud 
itself,  20  grains  of  iodine,  and  30  grains  of  iodide  of  potaft 
being  usually  dissolved  in  1  ounce  of  water.     Tlie  bromidi 
potassium  is  capable  of  dissolving  bronune,  but  the  solution 
chloride  of  potassium  has  no  affinity  for  chlorine. 

Ferroajamde   of  potassium^     Yellow  jjrtisaiate    of  pata 
K^,FeCy3-f3HO;  230^.7  4^337*5  or  185 -f  2?.— Tliisimpor 
salt  is  formed  when  carbonate  of  potash  is  fused  in  an  iron  j 
with  animal  matter,  such  as  dried   blood,  hoofs,  clipping 
hides,  &C.J  and  is  the   product  of  a  reaction  to  be  hereafter  I 
scribed.     This   salt  occurs  in  a  state  of  great  purity  in  < 
merce.     It  is  of  a  lemon  yellow  colour,  and  crystidlized  in  1 
quadrangular  tables,  with  truncated  angles  and  edges,  belonj 
to  the  square  prismatic  system.     The  crystals  contain  5  etfoad 
lents  of  water,  w^iich  they  lose  at  2 1 2^,  are  soluble  in  4 
vf  cold  and  2  parts  of  boiling  water,  and  are   insoluble  m 
hoL     The  taste  of  this  salt  is  saline,  and  it  is  not  poison 
By  a  red  heat  it  is  converted,  with  escape  of  nitrogen  gasj 
carburet  of  iron  m\d  cyanide  of  potassium  ;  but  with  ex 
to  air  the  latter  salt  al  is  orbs  oxygen,  and  becomes  cyan^ 
potash.     This  salt  is  represented  by  Liebig  as  containing  ai 
radical,   Ferrocyanogen^   composed  of  1  eq.  of  iron  and  5  ' 
cyanogen,  or  Fe  Cyg,     This  imaginary  radical  is  bibasic, 
in  combination  with  2  eq*  potassium   in  the  salt,   as  will 
seen  by  reference  to  its  formula.     The  same  salt  has  been| 
presented  by  myself  as  a   compound  of  a  tribasic  salt-n 
prussine  (3  Cy)  with  Fe  +  2  K.     But  its  reactions  mth 
salts  are  most  easily  stated  on  the  former  view  of  its  < 
tion.     The   iron    in   this    salt   is  not  precipitated   by 
When  ferroeyanide  of  potassium  is  added  to  sattaofleidt 
various   other   metallic  solutions,  it  produces   preeipit 
which  two  atoms  of  the  lead  or  other  metal  ar*       '       uit 
combination  with    ferrocyanogen,  for  the  two 
sium.     In  salts  of  peroxide  of  iron,  ferroeyanide  of  potasAiA 
produces  the  weU  known  precipitate  prossian  blue. 

Ferricyanide     of    potoHsmm^     Bed    pru»natt     nf  j/^iiAi 
3K,  Fe,  Cyg;  4127.6  or  331.74.— This  salt,  which  like  Ihel 
IS  a  valuable  reagent,   is  formed  by  transmitting  ohlofiiitj 
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lirougb  a  solution  of  the  ferrocyaiucic  of  potassium,  till  it  no 
mger  gives  a  precipitate  of  prussiaii  blue  with  a  |)ers  ih  of  iron. 
hie  fourth  of  the  potassium  of  tho  ferrocyanidc  is  converted  into 
hloride^  from  which  the  resulting  fcrricyanide  may  he  sepa- 
ited  by  crystallization.  It  forms  right  rhombic  prisms,  which 
re  transparent  and  of  a  fine  red  colour.  The  crystals  are  an- 
ydrous^  soluble  in  3.8  parts  of  cold,  and  in  less  hot  water. 
ley  bum  with  brilliant  scintillations  when  hcUl  in  the  tlanie  of 

candle.  Tlie  solution  of  this  salt  is  a  delicate  test  of  iron  in 
ie  state  of  prutoxide,  throwing  down  from  its  salts  a  variety  of 
rossian  blue,  in  which  the  3K  of  the  formula  are  replaced  by 
Fe.  Liebig  views  this  salt  as  contiining  a  suit-radical,  Ftrricy- 
nogen  or  ferridcyanogen,  Fo^  Cy^,  differing  from  ferrocyanogen 
1  having  twice  its  atomic  weight  and  being  trib<isic. 

Cyanide  of  potassium ;  KCy,  819.8  or  05.69. — The  prepa- 
ition  of  this  salt  is  attended  with  difficulty,  owing  to  the  action 
f  the  carbonic  acid  of  the  air  upon  its  solution,  which  evolves 
ydrocyanic  acid,  and  the  tendency  of  the  solution  itself  to  un- 
eigo  spontaneous  decomposition,  even  in  close  vessels.  It 
lay  be  formed  by  adding  absolute  hydrocyanic  acid,  or  a  strong 
dation  of  that  acid,  to  a  solution  of  potasli  in  alcohol ;  a  por- 
on  of  the  cyanide  falls  down  as  a  white  crystalline  precipitate^ 
hich  should  be  washed  with  alcohol  and  dried,  and  an  addi- 
onal  quantity  is  obtained  by  evaporating  the  liquid  in  a  retort, 
at  it  is  prepared  with  more  advantage  from  the  t'errocyanide 
*  potassium  already  described.  That  salt  is  carefully  dried 
id  reduced  to  a  fine  powder,  which  is  exposed  to  a  strong  red 
Bat  in  a  well  closed  iron  crucible,  or  other  convenient  vessel, 
id  then  allowed  to  co<il  completely  without  exposure  to  air. 
he  porous,  semifused  mass,  which  is  a  mixture  of  cyanide  of 
itassium  and  carburet  of  iron,  is  reduced  to  a  fine  powder, 
Itoed  in  a  funnel,  moistened  with  a  little  alcohol,  and  then 
ashed  with  cold  water.  The  first  strong  solution  of  cyanide 
'  potassium  which  comes  through  is  colourless,  and  must  be 
{lidly  evaporated  to  dryness  in  a  porcelain  bason,  and  tused  at 
red  heat.  Or,  alcohol  of  sp.  gr.  ().S9f;  (60  per  cent)  may  be 
nled  upon  the  black  mass,  and  dissolves  a  large  quantity  of 
fanide,  the  greater  proportion  of  which  it  deposits  again  on 
)oling,  a  property  peculiar  to  alcohol  of  the  strength  pre- 
nbed.  The  application  of  hot  water  to  the  black  mass  is  ti> 
eavoidedj  as  wilh  access  of  air,  it  causes  the  reproduction  uf 
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the  ferrocyanide^  which  inimediatcly  colours  the  solution  yeDov 
(Liebig.) 

The  cyanide  of  potassium  crystallizes  in  colouriess  cobo^ 
which  become  opaque  and  deliquesce  in  damp  air,  and  are  my 
soluble  in  water.  It  bears  a  red  heat  without  decompo&tionm 
close  vessels,  but  with  exposure  to  oxygen  becomes  cyamte  rf 
potash  (KO,  Cy  O).  Its  solution  smells  of  hydrocyanic  mH 
being  decomposed  by  carbonic  acid.  The  action  of  cyanide 
of  potassium  u}>on  the  animal  economy  is  equally  powcrfiil  wifli 
that  of  hydrocyanic  acid,  and  as  the  dry  salt  maybe  preMTfii  , 
in  a  well  stopt  bottle  without  change,  it  is  preferable  to  Ae 
acid^  which  is  far  from  stable.  Red  oxide  of  mercury  dissohv 
freely  in  the  solution  of  cyanide  of  potassium,  cyanide  of  mo^ 
cur}'  being  formed  and  potash  set  free.  The  purity  of  the  alh- 
line  cyanide  may  be  ascertained  from  this  property ;  12  gnim 
of  the  pure  cyanide  dissolving  20  grains  of  finely  pulveriiel 
oxide  of  mercury. 

Hydrocyanic  acid  for  medical  purposes  is  conveniently  pn* 
pared  from  this  cyanide.  24  grains  of  cyanide  of  potasaiiBi 
56  grains  of  tartaric  acid  in  crystals,  and  1  ounce  of  ¥mtertfe 
agitated  together  in  a  stout  phial  closed  by  a  cork.  The  Hifpi 
is  afterwards  separated  by  filtration  from  the  precipitate  of  be 
tartrate  of  potash;  it  contains  10  grains  of  hydrocyanic  add,  or 
rather  more  than  2  per  cent  (Dr.  Clark). 

Sulphocyanide  of  potassium  ;  K,  Cy  83;  1232.2  or  97-^2.— 
Sulphocyanogen  is  a  salt-radical  consisting  of  two  of  sulpli* 
and  one  of  cyanogen,  which  is  formed  on  fusing  the  ferrocy*' 
nides  with  sulphur.  To  obtain  it  in  combination  with  potv- 
sium,  the  ferrocyanide  of  potassium,  made  anhydrous  by  h«rf 
and  reduced  to  a  fine  powder,  is  mixed  with  an  equal  weight  v 
flowers  of  sulpliur,  in  a  common  cast  iron  pot  (pitch  pot),  aal 
kept  in  a  state  of  fusion  for  half  an  hour  at  a  temperature  \att 
nor  to  that  at  which  the  sulphur  would  boil  and  bubbles  of  gi* 
escape  through  the  melted  mass.  No  cyanogen  is  evolved  or  de- 
composed, and  the  residuary  matter  is  a  mixture  of  solpiMh 
cyanide  of  potassium  and  protosulphocyanide  of  iron,  with  tb 
excess  of  sulpliur.  Both  sulphocyanides  dissolve  in  water,  aid 
give  a  solution  which  is  colourless  at  first,  but  soon  becomes  vA 
from  oxidation  of  the  sulphocyanide  of  iron.  To  get  rid  ■ 
the  iron,  carbonate  of  potash  is  added  to  the  boiling  solatioBi 
so  long  as  a  precipitate  of  carbonate  of  iron  falls,  and  the  liqvi' 
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is  aftem-ards  filtered.  This  solution  gives  crystals  of  sulplio- 
cyanide  of  potassium,  when  evaporated,  which  may  be  freed 
from  any  adhering  carbonate  of  potash,  by  dissolving  tlicni  in 
alcohol.  The  salt  crystallizes  in  long  white  striated  prisms, 
which  are  anhydrous,  and  resemble  nitrate  of  potash  in  their 
appearance  and  taste.  They  deliquesce  in  a  damp  atmosphere, 
and  are  very  soluble  in  hot  alcohol,  from  which  the  salt 
crystallizes  on  cooling.  The  sulphocyanido  of  potassium  com- 
municates a  blood  red  colour  to  solulions  of  salts  of  perox- 
ide of  iron,  and  is  consequently  employed  as  a  test  of  that 
metal  in  its  higher  state  of  oxidation.  The  red  sulution  i^ 
made  perfectly  colourless  by  a  moderate  dilation  witli  water, 
when  the  iron  is  not  present  in  excess.  The  sulpliocyanide  of 
potassium  has  been  detected  in  the  saliva  of  man  and  the  shcej). 

SALTS  OF  POTASH. 

Carbonate  q/*  potash  ;  KO,  CO.^  ;  SCG.3  or  fiO.I^.— This  use- 
ful salt  is  principally  obtained  from  the  ashes  of  plants.  Potasii 
ii  always  contained  in  a  state  of  combination  in  clay  and  other 
minerals  which  form  the  earthy  part  of  soil,  and  appears  to  be  a 
constituent  of  soil  essential  to  vegetation.  The  alkali  is  appro- 
priated by  plants,  and  is  found  in  their  sap  combined  with  vege- 
table acids,  particularly  with  oxahc  and  tartaric*  acids;  also  with 
silicic  and  sulphuric  acids,  and  as  chloride  of  potassium.  When 
the  plants  are  dried  and  burned,  the  salts  of  the  vcgetalilc  aciils 
are  destroyed,  and  leave  carbonate  of  potash  ;  shrul)s  yielding 
three,  and  herbs  five  times  as  much  saline  matter  as  trees ;  and 
the  branches  of  trees  being  more  productive  than  their  trunks, 
I  distribution  which  may  depend  upon  the  jmtash  existing 
chiefly  in  the  sap.  The  whole  ashes  from  wood  seldom  exceed 
1  per  cent  of  its  weiglit,  of  which  l-(>th  may  be  saline  matter. 
The  solution  evaporated  to  dryness  yields  Potashes^  and  these 
partially  purified  and  ignited  form  Pvat  lash.  Tiie  carbonate  is 
mixed  in  the  latter  with  al)out  20  per  cent  of  foreign  salts, 
principally  sulphate  of  potash  and  chloride  of  potassium.  The 
carbonate  of  potash  is  obtained  in  a  state  of  greater  purity  by 
dissolving  pearlash  in  an  equal  weight  of  water,  then  separating 
the  solution  from  undissolved  salts,  and  evaporating  it  to 
dryness. 

Carbonate  of  potash  is  prepared  of  greater  purity  for  chemical 
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purposes  by  igniting  bitartrate  of  potash,  or  better  by  burning 
together  2  parts  of  that  salt  and  1  of  nitre.  In  the  latter  pro- 
cess the  carbon  and  hydrogen  of  the  tartaric  acid  are  destroyed 
bv  the  oxygen  of  the  nitric  acid,  and  carbonate  of  potash  re- 
mains mixed  with  charcoal,  from  which  it  may  be  separated  by 
solution  and  filtration. 

Carbonate  of  potash  has  an  acrid,  alkaline  taste,  but  is  not 
caustic.  It  gives  a  green  colour  to  the  blue  infusion  of  cabbage. 
This  salt  is  liighly  deliquescent,  and  soluble  in  less  than  an 
equal  weight  of  water  at  60^.  It  may  be  crystallized  with  two 
equivalents  of  water.  Added  to  solutions  of  salts  of  lime,  lead, 
&c.,  it  throws  down  insoluble  carbonates.  It  is  more  fifo- 
quently  used  than  the  caustic  alkali,  to  neutralise  acids  and  to 
form  the  salts  of  potash. 

Bicarbonate  of  potash;  HO,  CO^  +  KO,  COj  ;  1255.3  or 
100.G1. — Formed  by  transmitting  a  stream  of  carbonic  acid  gas 
through  a  saturated  cold  solution  of  the  neutral  carbonate.  It 
is  soluble  in  four  times  its  weight  of  water  at  60",  and  in  less 
water  at  2 1 2^.  The  solution  has  an  alkaline  taste  and  reaction, 
but  is  not  acrid ;  it  does  not  throw  down  magnesia  from  its 
soluble  salts ;  it  loses  carbonic  acid  when  evaporated  at  all  tem- 
l^eratures,  and  becomes  neutral  carbonate.  The  salt  contwns 
one  i^roportion  of  water,  which  is  essential  to  it,  and  crystal- 
lizes well  in  prisms  of  eight  sides,  having  dihedral  summits. 
The  existence  of  a  sesquicarbonate  of  potash  is  doubtful. 

Snljj/f ate  of  jwfa.sh;  KOySO.^;  1093.1  or  87.43.  Tliia  salt 
precipitates  when  oil  of  vitriol  is  added  drop  by  drop  to  a  con- 
centrated solution  of  potash.  It  is  generally  prepared  by  neu- 
tralising the  residue,  composed  of  bisulphate  of  potash,  of  the 
nitric  acid  process,  (page  292),  and  crystallizes  in  double  pyra- 
mids of  six  faces,  or  in  oblique  four-sided  prisms.  The  crystals 
are  anhydrous,  unalterable  in  air,  and  they  decrepitate  strongly 
when  heated ;  their  density  is  2.400.  The  sulphate  is  one  of 
the  least  soluble  of  the  neutral  salts  of  potash ;  100  parts  of 
water  dissolve  8.3f>  parts  of  this  salt  at  32",  and  0.'"Ji666  parti 
more  for  each  degree  above  that  point. 

Hydrated  bisulphate  of  potash,  or  Sulphate  of  water  and  po- 
tash ;  HO,  SO3  -f  KO,  SO3 ;  1 704.7  or  13G.59.— The  fusible  salt 
remaining  when  nitrate  of  potash  is  decomposed  in  a  retort  by 
two  equivalents  of  oil  of  vitriol.  Below  386.<>^  (197^  cent.),  it  is 
a  white  crystalline  mass.     This  salt  is  very  soluble  in  water,  but 
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I  partially  decomposed  by  that  liquid,  and  deposits  sulphate  of 
ntash.  It  crystallizes  from  a  strong  solution  in  rhomhohedral 
rystals,  of  which  the  form  is  identical  with  one  of  the  forms  of 
fldphur.  But  this  salt  is  dimorphous  and  crystallizes  from  a 
late  of  fusion  by  heat  in  large  crystals,  which  have  the  form 
if  felspar  (Mitscherlich.)  It  was  the  only  bisulphate  of  potash 
mourn  before  the  unexpected  discovery  of  another  salt  de- 
cribed  below.  Its  density  is  2. 1 GS.  The  excess  of  acid  in  this 
alt  acts  upon  metals  and  alkaline  bases,  very  much  as  if  it 
vera  free. 

Hfdraied  sesqtiimilphafe  of  potash  ;  HO,  SO.,  -+  2  (KO,  SO3). 
—A  salt  in  prismatic  needles  discovered  by  Mr.  Phillips,  and 
irliich  has  also  accidentally  occurred  since  to  M.  Jacquelin.  It 
u  decomposed  by  water;  the  circumstances  necessary  for  its 
formation  are  unknown. 

Anhydroun  bisulphate  0/  potash  :  KO  +  2S()3;  155)2.2  or 
\2JM, — It  appears,  by  M.  Jacquelin's  researches*,  that  this 
nit  almost  uniformly  presents  itself  when  sulphate  of  potash, 
and  not  less  than  one  and  a  half  equivalents  of  oil  of  vitriol  are 
diiiolved  together  in  distilled  water,  and  the  solution  evapo- 
nted.  It  crystallizes  in  prismatic  needles,  of  which  the  den- 
sty  is  2.277,  and  point  of  fusion  4IOo  (210°  cent.)  I-.eft  in 
thdr  mother  liquor,  these  crystals  gradually  disappear,  and  in 
didr  place,  large  rhomhohedral  crystals  of  the  liydrated  bisul- 
phate are  formed.  The  anhydrous  salt  may  be  dissolved  and 
crystallized  again  from  a  quantity  of  hot  water,  not  more  than 
mfBcient  for  its  solution,  but  is  decomposed  by  a  larger  quan- 
tity of  water.  This  sulphate  is  analogous  to  tlic  bichromate  of 
potash ;  the  constitution  of  these  anormal  salts  has  already  l>een 
nude  the  subject  of  remark  (page  .S28). 

Sulf^ate  of  potash  combines  with  hydrated  tiitrir  and  phos- 
fkoric  acids,  as  well  as  with  hydrated  sulphuric  acid.  On  dis- 
•dvingthe  neutral  salt  in  nitric  acid,  a  little  nitre  and  hydrated 
binlphate  of  potash  are  formed,  with  a  large  quantity  of  a  salt 
in  oblique  prisms,  of  which  the  fonnula  is  HO,  N05  +  2(KO, 
8O3).  This  last  salt  fuses  at  M)2''  (ITiO")  cent.);  its  density  is 
2J)8  (Jacquelin).  llie  compound  with  phosphoric  acid  is  formed 
by  dissolving  sulphate  of  potash  in  a  syrupy  solution  of  that 
iddy  and  crystallizes  in  oblique  prisms  of  six  sides,  which  fuse 

•  All.  dc  Ch.  ct  (le  Pli.  t.  70,  i».  311. 


456  POTASSIUM. 

at  4640  (2400  cent.)«  and  of  which  the  density  is  2.296  (J 
lin.)  Ito  formula  is  3HO,P09+2KO,80^  It  will  I 
served  that  both  these  compounds  agree  with  Bfr.  Ft 
sesquisulphate^  in  having  two  of  sulphate  of  potash  to 
hydrated  acid. 

Nitrate  of  potash.  Nitre,  Saltpetre;  KO,  NO5;  U( 
101.53. — ^Nitric  acid  is  formed  in  the  decomposition  of 
matters  containing  nitrogen^  when  they  are  exposed  to  1 
are  in  contact  with  alkaline  substances.  It .  appears 
largely  produced  in  this  way  in  the  soil  of  certun  disti 
India,  from  which  nitrate  of  potash  is  obtained  by  lud' 
Nitrous  soils- always  contain  much  carbonate  of  lime,  the 
of  tertiary  calcareous  rocks,  in  which  the  oxygen  and  n 
of  the  air  unite,  according  to  some,  assisted  by  the 
structure  of  the  rock,  and  under  the  influence  of  an  1 
base,  so  as  to  generate  nitric  acid  without  the  intervei 
animal  matter.  But  this  conjecture  is  not  founded  upon 
riment ;  nor  is  it  a  necessary  hjrpothesis,  since  nitrifiaU 
are  never  entirely  destitute  of  organic  matter.  Nitrate 
tash  is  also  prepared  in  some  countries  of  Europe,  by  10 
the  natural  process,  in  artificial  nitre-beds,  wherein  ni 
lime  is  formed,  and  afterwards  converted  into  nitrate  of 
by  the  addition  of  wood-ashes  to  the  lixivium*. 

Nitrate  of  potash  generally  crystallizes  in  long  strial 
sided  prisms,  is  anhydrous,  unalterable  in  the  air^  fusil 
a  limpid  liquid  by  a  heat  under  redness,  in  which  conditi 
cast  in  moulds,  and  forms  sal  prunelle.  Its  density  12 
'  (Dr.  Watson).  According  to  Gay-Lussac  100  parts  oi 
dissolve  13.3  parts  of  tliis  salt  at  ^2^,  29  parts  at  64.^ 
parts  at  96.8°,  and  236  parts  at  20G.6o.  The  taste  of  tb 
tion  is  cooling  and  peculiar ;  it  has  considerable  antisepi 
perties.     Nitre  is  insoluble  in  absolute  alcohol. 

*  The  latest  writer  upon  nitrification  is  I'rofessor  Kuhlman,  whose  ohf 
and  original  experiments  are  valuable,  but  do  uot  lead  to  may  gcner 
of  the  process.  He  did  nut  succeed  in  causing  oxygen  and  nitrogea 
combine,  by  meana  of  spong)*  platinum,  but  he  found  that,  under  the  iol 
that  substance,  {V*\  all  Taporisablc  compounds  of  nitrogen  includiiis  I 
mixed  with  air,  with  oxygen,  or  with  an  oxidating  gas,  change  into  aitii 
peroxide  of  nitrogen  ;  and  {2?)  that  all  Uie  vapori&able  compoundt  of  aitn 
eluding  nitric  acid,  mixed  with  hydrogen  or  a  hydrogenous  gas,  give  rb 
monia. — (Memoirs  of  the  Academy  of  Sciences  of  Lille,  1838,  nod  Lid 
nalen,  Vol.  29,  p.  272,  1839.) 
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From  the  lai^ge  quantity  of  oxygen  which  nitre  contains,  and 
be  fiuality  with  which  it  imparts  that  element  to  combustibles 
il  a  red  heat^  it  is  much  employed  in  making  gunpowder  and 
idier  deflagrating  mixtures.  An  intimate  mixture  of  nitre  in 
ine  powder  with  l-3rd  of  its  weight  of  wood  charcoal,  when 
douched  by  a  body  in  ignition,  bums  with  great  brilliancy,  but 
vHiioiut  explosion.  A  mixture  of  3  parts  of  nitre,  2  of  dry  car- 
Innate  of  potash,  and  1  of  sulphur,  forms  puivis  fulminarUj 
rhich  heated  gently  till  it  enters  into  fusion,  inflames  suddenly, 
md  explodes  with  a  deafening  report.  The  violence  of  the  ex- 
[donon  is  caused  by  the  reaction  between  the  sulphur  and  nitre 
being  instantaneous,  from  their  fusion  and  perfect  intermixture, 
md  the  consequent  sudden  formation  of  much  nitrogen  gas  from 
die  decomposition  of  nitric  acid.  Gunpowder  contains  both 
lolphur  and  charcoal,  of  whicli  the  former  serves  the  purpose  of 
lecdenting  the  process  of  deflagration  and  supplying  heat, 
while  the  latter  supplies  much  of  the  gas,  to  the  formation  of 
which  the  available  force  of  the  explosion  is  due.  Gunpowder 
yidds  about  300  times  its  volume  of  gas,  measured  when  cold ; 
bat  its  explosive  force  is  greater  than  this  indicates,  from  the 
Ugh  temperature  of  the  gas,  and  not  less  than  1000  atmos- 
(lieres.  The  ordinary  proportions  of  gunpowder  approach  very 
nearly  1  eq.  of  nitre,  1  of  sulphur,  and  3  of  carbon,  as  will  be 
1  by  the  following  comparison  :^ 

COMPOSITION    OF    GUNPOWDER. 


Tlieoreticiil  Mixture. 

Eoglish. 

rrussiiin 

Sulphur 

.  11.9       . 

.   12.5 

.    11.5 

Charcoal     . 

.  13.5 

.   12.5 

,    13.5 

Nitre     .      . 

.  74.6 

,  75.         . 

.  75. 

100.  100.  100. 

By  the  combustion  of  the  mixture,  carl)oiiic  acid  and  nitrogen 
pses  are  formed,  with  a  solid  residue  of  protosulphuret  of 
potassium.    Thus : — 

DEFLAGRATION    OF    QIW'POWUER. 

After  Decomposition. 
-3  Carbonic  acid. 

.Nitrogen. 

^8ulphuret  of  potassium. 


Decom  position. 
3  Carbon.        3  Carbon. 
6  Oxygen. 


Nitrate 
Potash 

Sulphur. 


of  r< 

(h.       \ 


Nitrogen.  _ 

Potassium. 

Sulphur. 
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A  portion  of  the  potash  is  always  ^converted  into  8alpha';e  of 
potash,  which  must  interfere  with  the  exactneas  of  this  decom- 
position. Blasting  powder  is  composed  of  20  sulphur,  15  char- 
coal, and  65  nitre ;  the  proportion  of  sulphur  being  incretsed, 
by  which  a  more  powerfully  explosive  mixture  is  obtained,  hot 
which  is  not  suitable  for  fire-arms,  as  they  are  injured  by  is 
excess  of  sulphur.  The  most  inflammable  charcoal  is  employed 
in  making  gunpowder ;  which  is  obtained  by  calcining  branciMi 
of  about  3-4ths  of  an  inch  in  diameter,  in  an  iron  retort,  for  i 
considerable  time,  at  a  heat  scarcely  amounting  to  redness,  and 
which  has  a  brown  colour  without  lustre.  The  granulation  of 
gunpowder  increases  its  explosive  force.  A  charge  is  thus  madp 
sufficiently  porous  to  allow  flame  to  penetrate  it,  and  to  kindb 
every  grain  composing  it  at  the  same  time.  But  still  the  di^ 
charge  of  gunpowder  is  not  absolutely  instantaneous ;  and  itk 
remarkable  that  other  explosive  compounds  which  bum  inoif 
rapidly  than  gunpowder,  such  as  fulminating  mercury,  are  ml 
adapted  for  the  movement  of  projectiles,  llieir  action  in  o- 
ploding  is  violent  but  local ;  if  substituted  for  gunpowder  in 
charging  ordinary  fire-arms,  they  would  shatter  them  to  jNacH^ 
and  not  project  the  ball.  It  is  a  common  practise  to  mix  with 
the  charge  of  blasting  powder,  used  in  mining,  several  times  in 
bulk  of  sawdust,  which  renders  the  combustion  of  the  powder 
still  slower,  but  productive  of  a  sustained  effort,  most  effectul 
in  moving  large  masses. 

adorate  of  potash;  KOjClOg;  1532.6  or  122.8 1  .—This  salt 
is  the  result  of  a  reaction  between  chlorine  and  potash,  which 
has  already  been  explained  (page  36V.)  In  the  preparation  of 
chlorate  of  potash  a  strong  solution  of  two  or  three  pounds  of 
carbonate  of  potash  is  made,  and  chlorine  passed  through  it 
The  gas  is  conducted  into  the  liquid  by  a  pretty  wide  tube,  or 
better  by  a  tube  terminated  by  a  funnel,  to  prevent  its  being 
choked  by  the  solid  salt  which  is  formed.  A  stage  in  the  pro- 
cess can  be  obser>-ed,  before  the  liquid  has  discharged  much  ctf^ 
bonic  acid,  when  bicarbonate,  chlorate,  and  hypochlorite  of 
potash  exist  together  in  solution,  and  a  considerable  quantity 
of  chloride  of  potassium  is  deposited.  The  latter  salt  is  removed^ 
and  the  current  of  chlorine  continued  till  the  liquid,  which  ii 
often  red  from  hypcrmanj^anic  Jicid,  becomes  colourless  or 
yellow,  and  ceases  to  absori)  the  gas.  A  considerable  quantity 
i>f  chlorate  of  potash  is  deposited  in  tabular  shining  crystali 


CHLORATE  OP  POTASH.  459 

5  pmified  by  solation  and  a  second  crystallization,  and 
the  same  salt  is  obtained  from  the  liquid  evaporated 
aide  to  crystallize ;  the  separation  of  the  chlorate  from 
of  potassium  depending  upon  the  solubility  at  a  low 
ure  of  the  former  salt  being  greatly  less  than  that  of 
r.  When  chlorate  of  potash  is  prepared  upon  a  still 
cafe,  caustic  potash  may  be  substituted  in  the  preced- 
iss  far  carbonate.  The  solution,  concentrated  by  heat, 
rystals  of  chlorate  of  potash  upon  cooling. 
de  of  lime,  after  it  has  lost  the  greater  part  of  its 
I  power  by  keeping,  a  condition  in  which  it  is  occa- 
met  with  in  commerce,  contains  chlorate  of  lime,  and  is 
in  the  preparation  of  chlorate  of  potash.  The  solution 
me  salt  is  boiled  for  some  time,  to  complete  its  change 
rate  and  chloride ;  and  then  is  partially  decomposed  by 
F  carbonate  of  potash,  or  evaporated  with  an  admixture 
ide  of  potassium,  when  chlorate  of  potash  crystallizes 
chloride  of  calcium  remains  in  solution  (Liowig.) 
nk  is  anhydrous.  It  appears  in  flat  crystals,  of  a 
tstre,  of  which  the  forms,  according  to  Brooke,  belong  to 
(ue  prismatic  system.  Its  density  is  1.U89  (Hansen- 
It  has  a  cooling  disagreeable  taste,  like  that  of  nitre. 
ig  to  Gay-Lussac,  100  parts  of  water  dissolve  3  J  parts 
ate  of  potash  at  32«,  6  at  5^,  12  at  J)5%  19  at  120.2% 
it  919.2^,  the  point  of  ebullition  of  a  saturated  solution, 
t  fuses  readily  in  a  glass  retort  or  tube,  enters  into  ehul- 
id  discharges  oxygen  below  a  red  heat.  At  a  certain 
n  the  decomposition,  when  the  mass  becomes  thick,  a 
'  of  hyperchlorate  of  potash  is  formed,  but  ultimately 
of  potassium  is  the  sole  residue. 

ate  of  potash  deflagrates  with  combustibles  more  vio- 
lan  die  nitrate.  A  grain  or  two  of  it  rubbed  in  a  warm 
with  an  equal  quantity  of  sulphur,  occasions  smart 
«is,  with  the  formation  of  sulphurous  acid  gas.  Inclosed 
ittk  phosphorus,  in  paper,  and  struck  by  a  hammer,  it 
!8  a  powerful  explosion ;  but  this  experiment  may  be  at- 
irith  danger  to  the  operator  from  the  projection  of  the 
phosphorus.  A  mixture  which,  when  dry,  inflames 
union,  and  which  is  applied  to  lucifer  matches,  is  com- 
of  this  salt,  sulphur  and  charcoal.  One  of  the  sim- 
oflipta  for  this  percussion  powder  consists  in  washing  out 
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the  Ditre  from  10  parts  of  ordinary  gunpowder^  with  water,  tad 
mixing  the  residue  intimately,  while  still  hnmid,  mth  5)  parti 
of  chlorate  of  potash  in  an  extremely  fine  powder.  This  nn^ 
tore  is  highly  inflammable  when  dry,  and  dangerous  to  present 
in  that  state. 

Hyperchloraie  of  potash;  KO,  ClO^;  173<2.6  or  \WMr^ 
Processes  for  preparing  this  salt  have  already  been  descriM 
under  hyperchloric  acid  (page  370).  It  it  also  formed  m  a 
strong  solution  of  chlorate  of  potash  contained  in  the  deeiw 
posing  cell  of  a  voltaic  battery,  this  salt  being  deposited  in  stal 
crystals  upon  the  sincoid,  and  no  oxygen  liberated  then,  ft 
requires  55  parts  of  water  to  dissolve  it  at  59^,  but  is  Iai]gdf 
soluble  in  boiling  water.  It  crystallizes  in  octohedrons  with  i 
square  base,  which  are  generally  small ;  they  are  anhydrooL 
It  deflagrates  less  strongly  with  combustibles  than  the  chlonte; 
loses  oxygen  at  400^,  and  is  completely  decomposed  at  a  nd 
heat,  chloride  of  potassium  being  left. 

lodate  of  potash},  KO,  IO7;  2669.4  or  213.92.^Thit  «k 
may  be  formed  by  neutralising  the  chloride  of  iodine  with  ev- 
bonate  of  potash,  instead  of  carbonate  of  soda  (page  390).  ft 
gives  small  anhydrous  crystals  which  fuse  by  heat,  and  lose  A 
their  oxygen.  Iodic  acid  likewise  forms  a  biniodate  and  a  teri»* 
date  of  potash,  according  to  Serullas^.  The  biniodate  is  obtaiml 
by  adding  an  additional  proportion  of  iodic  acid  to  a  solution  d 
neutral  iodate  saturated  at  a  high  temperature ;  it  contains  u 
equivalent  of  water,  but  may  be  made  anhydrous  by  a  straog 
heat,  according  to  my  own  observations.  It  occurs  in  prisai 
with  dihedral  summits,  and  requires  75  parts  of  water  at  59^  tt 
dissolve  it.  The  teriodate  is  obtained  on  mixing  a  strong  maii 
such  as  nitric,  hydrochloric,  or  sulphuric,  with  a  hot  satmatei 
solution  of  the  neutral  iodate,  and  allowing  it  to  cool  slowlf. 
It  crystallizes  in  rhombohedrons,  and  requires  2rt  parts  of  water 
to  dissolve  it. 

Serullas  has  observed  that  the  biniodate  of  potash  has  agmft 
disposition  to  form  double  salts.  A  compound  with  chkfik 
of  potassium^  to  which  he  assigned  the  formula  KCl+KO^ 
I^OjQ,  is  obtained  on  adding  a  little  hydrochloric  acid  to  a  tob- 
tion  of  iodate  of  potash,  and  allowing  the  solution  to  ewpoats 
spontaneously.     This  salt  crystallizes  well,  but  afterwards  lotH 
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to  transparency  in  the  air.  It  is  decomposed  by  water,  and 
Moot  be  formed  by  uniting  its  constituent  salts.  Another 
mpound  contains  bisulphate  of  potash;  KG,  S^O^  +  KO, 
[^Q.  Tbiw  salt  is  obtained  from  the  mother  liquor  which  remains 
a  tfie  preparation  of  the  teriodate  of  potash,  after  treatment  with 
"dpbnric  acid.  When  that  liquor  is  evaporated  by  heat,  this 
■k  is  deposited  in  transparent  regular  crystals.  Like  the  pre> 
■ding  salt  it  is  decomposed  by  water,  and  cannot  be  formed 
Krecdy.  These  two  salts  and  the  teriodate  of  potash,  merit  a 
•-caamination,  in  reference  to  their  containing  water  as  a  con- 
idtuent. 


SECTION    n. 

SODIUM. 

Syn.   Natrium.    Eg.  291  or  28.31;  Na. 

Davy  obtained  this  metal  by  the  voltaic  decomposition  of  tfoda, 
■nnediately  after  the  discovery  of  potassium.  An  intimate  mix- 
iBia  of  diarcoal  and  carbonate  of  soda  is  obtained  by  calcining 
I  of  soda,  from  which  sodium  is  commonly  prepared,  ac- 
;  to  the  method  described  for  potassium,  and  with  greater 
fy  owing  to  the  superior  volatility  of  this  metal. 

Sodiam  is  a  white  metal  having  the  asj>ect  of  silver.  Its 
Icasity  is  0.972,  at  59<>,  according  to  Gay-Lussac  and  Thenard. 
[Us  metal  is  so  soft,  at  the  usual  temperature,  that  it  may  be 
■ft  with  a  knife,  and  yields  to  the  pressure  of  the  fingers  ;  it  is 
jBbb  liquid  at  194°.  It  oxidates  spontaneously  in  the  air,  al- 
hough  not  so  quickly  as  potassium ;  and  when  heated  nearly 
D  redness  takes  fire  and  bums  with  a  yellow  flame.  Thrown 
tfoa  water,  it  oxidates  with  great  vivacity,  but  without  inflam- 
Dg,  evolving  hydrogen  gas,  and  forming  an  alkaline  solution  of 
oda.  When  a  few  drops  only  of  water  are  applied  to  sodium, 
k  easily  becomes  sufficiently  hot  to  take  fire. 

As  potassium  is  in  some  degree  characteristic  of  the  vege- 
lUs  kingdom,  so  sodium  is  the  alkaline  metal  of  tlic  animal 
iqgdoiiiy  its  salts  being  found  in  all  animal  fluids.  Both  of 
bsBS dements  occur  in  the  mineral  world;  of  the  two,  per- 
ips,  potassium  is  most  extensively  diffused ;  felspar,  the  most 
Unnum  of  minerals,  containing  12  per  cent,  of  potash,  but 
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from  the  existence  everywhere  of  a  soluble  compound  of  so£ii 
its  chloride,  the  sources  of  that  element  are  the  more  aeosMil 
if  not  the  most  abundant. 

The  anhydrous  protoxide  of  sodium  and  the  peroxide  are  f 
pared  in  the  same  manner  as  the  corresponding  oxides  of  pel 
sium,  which  they  greatly  resemble  in  properties.  The  conqx 
tion  of  the  peroxide  of  sodium,  however,  is  diffienmt^be 
expressed  by  the  formula  2Na+dO  (Th^nard).  It  it  soppo 
by  M.  Millon  to  be  Na4-20. 

CX)MPOUNDS  OP  SODIUM. 

Soda;  Na  O  ;  391  or  3 1.31. — A  solution  of  soda  is  obtni 
by  decomposing  the  crystallized  carbonate  of  soda«  dissolved 
4  or  5  times  its  weight  of  water,  by  means  of  half  its  wet 
of  hydrate  of  Ume  ;  the  same  points  being  attended  to  as  in 
preparation  of  potash.  A  preference  is  given  to  this  all 
from  its  cheapness,  for  most  manufacturing  purposes,  aiH 
the  laboratory  it  may  generally  be  substituted  for  potash,  wl 
a  caustic  alkali  is  required.  On  the  large  scale  it  is  prepi 
from  salts  of  soda^  a  carbonate  containing  chloride  of  sod! 
and  sulphate  of  soda.  The  solution  of  soda  is  purified  fi 
these  salts  by  concentrating  it  considerably,  upon  which 
foreign  salts  cease  to  be  soluble  in  tlie  liquid  and  precipil 
(Mr.  W.  Blyth). 

The  following  table,  constructed  by  Dr.  Dalton,  exhibits 
quantity  of  caustic  soda  in  solutions  of  diflfcrent  densities: — 

SOLUTION    or   CAUSTIC    SODA. 


Density  of           ' 

Alkali 

Density  of           1 

Alkrii 

the  tolutlon.         1 

per  cent.            ^ 

the  solution. 

pvcrat. 

2.00         .         i 

77.8 

1.40 

2»A 

1.85                     i 

636 

1.36         .         ,         , 

264) 

172 

53.8 

1.32         .        ! 

230 

1.63                  1 

46.6 

1.29 

\M 

1.56        .        ; 

41.2 

1.23 

16.0 

1.50 

36  8         1 

1.18 

1.1.0 

1.47                 J 

34.0         1 

1.12 

9J0 

1.44 

31  0        1 

1.06 

4.7 

The  solid  hydrate  of  soria  is  obtained  by  evaporating  a  m 
tion  of  soda,  precisely  in  the  same  manner  as  the  correspond 
preparation  of  potash.  It  is  soluble  in  all  proportions  in  wi 
and  alcohol. 

Soda  is  distinguished  from  potash  and  other  bases  by  sew 
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popertiet :— lat.  All  its  salts  are  soluble  in  water,  and  it  is 
tkrafore  not  precipitated  by  tartaric  acid,  chloride  of  platinum, 
or  any  other  neagent.  2nd.  With  sulphuric  acid  it  affords  a  salt 
vlnch  crygtalliies  in  laige  efflorescent  prisms,  easily  recognised 
as  dauber's  salt.  Srd.  Its  salts  communicate  a  rich  yellow 
lilt  to  flame. 

:.  Su^fhmreis  qf  sodium. — ^These  compounds  so  closely  resemble 
tte  snlphurets  of  potassium  as  not  to  require  a  particular  des- 
cription. The  protosulphuret  of  sodium  crystallizes  from  a 
ilrang  solution  in  octohedrons.  This  salt  contains  water  of 
cryBtallization ;  in  contact  with  air  it  rapidly  passes  into  caustic 
lodat  and  the  hj^posulphite  of  the  same  base. 

Ckloride  of  sodium^  Sea  salt,  Common  salt ;  Na  CI ;  733.6  or 
IB.78w — Sodium  takes  fire  in  chlorine  gas,  and  combining  with 
Ikat  element,  produces  this  salt.  The  chloride  of  sodium  is 
pko  formed  on  neutralising  hydrochloric  acid,  by  soda  or  its 
Huboiiate,  and  is  obtained  thus  in  the  greatest  purity.     Sea- 

'  contains  2.7  per  cent  of  chloride  of  sodium,  which  is  the 

eonaiderable  of  its  saline  constituents  (analysis  of  sea- 
at  page  266).      Salt  is  obtained  from   that   source  in 

I  climates,  as  at  St.  Ubes,  in  Portugal,  on  the  coast  of  tlie 
iaditerranean  near  Marseilles,  and  other  places  where  spouta- 
evaporation  proceeds  rapidly;  the  sea-water  being   re- 
in shallow  basons  or  canals,  on  the  surface  of  which  a 

I  crust  forms,  with  the  progress  of  evaporation,  which  is 
Koken  and  raked  out.  Sea-water  is  also  evaporated  artificially, 
iyj  means  of  culm,  or  waste  coal,  as  fuel,  on  some  parts  of  the 
XMst  of  Britain,  but  as  much  for  the  sake  of  the  bittern  as  of 
int  common  salt  it  affords.  Tlie  evaporation  is  not  carried  to 
iiyness,  but  when  the  greater  part  of  the  chloride  of  sodium  is 
iqMMited  in  crystals,  the  mother  liquid,  which  forms  the  bittern, 
I  drawn  off;  it  is  the  source  of  much  of  the  Epsom  salt  and 
idler  magnesian  preparations  of  commerce.  Other  incxhausti- 
ile  sources  of  common  salt  are  the  beds  of  sal-gem  or  rock 
al^  which  occur  in  several  geological  formations  posterior  to 
ba  coal,  as  at  Northwich  in  Cheshire,  in  Spain,  Poland,  and 
wof  other  localities.  These  beds  appear  to  have  been 
nied  by  the  evaporation  of  salt  lakes  without  an  outlet,  in 
hioh  the  saline  matter,  continually  supplied  by  rivers,  had 
sdunolated,  till  the  water  being  saturated,  a  deposition  of 
It  took  place  upon  the  bottom  of  the  lake.    The  salt  is  some- 
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times  sufficiently  pure  for  its  ordinary  uses,  as  it  is  taken  fnm 
these  deposits,  but  nnore  generally  it  is  coloured  brown  from  n 
admixture  of  clay,  and  requires  to  be  purified  by  solution  isd 
filtration.  Instead  of  sinking  a  shaft  to  the  bed  of  rock  lak^ 
and  mining  it,  the  superior  strata  are  often  pierced  by  a  bon 
of  merely  a  few  inches  in  diameter,  by  which  water  is  admittBi 
to  the  bed,  and  the  brine  formed  drawn  off  by  a  pump  and  p^ 
of  copper  suspended  in  the  same  tubular  opening. 

Chloride  of  sodium  crystallizes  firom  solution  in  water  ii 
cubes,  and  sometimes  from  urine  and  liquids  containing  phoi- 
phates  in  the  allied  form  of  the  regular  octohedron.  Its  cqi- 
tals  are  anhydrous,  but  decrepitate  when  heated,  from  the  Or 
pansion  of  water  confined  between  their  plates.  According  to 
the  experiments  of  Fuchs,  pure  chloride  of  sodium  has  exMSdf 
the  same  degree  of  solubility  in  hot  and  cold  water,  requiiuf 
2.7  parts  of  water  to  dissolve  it ;  or  100  parts  of  water  dissolves^ 
of  salt  at  all  temperatures.  Tlie  composition  of  such  a  soiutifli 
corresponds  exactly  with  1  eq.  of  salt  to  18  eq.  of  water.  Qif 
Lussac  makes  the  boiling  point  of  a  saturated  solution  2293*1 
but  that  temperature  is  too  high  (I  believe,)  for  a  solution  df 
pure  chloride  of  sodium.  When  a  saturated  solution  is  expoiel 
to  a  low  temperature,  between  14°  and  5%  the  salt  crystalliiei  is 
hexagonal  tables,  which  have  two  sides  larger  than  the  othoi. 
Fuchs  found  these  crj'stals  to  contain  6,  and  Mitscherlich  4 
equivalents  of  water.  If  their  temperature  is  allowed  to  liiB 
above  14°,  they  undergo  decomposition,  and  are  converted  into 
a  congeries  of  minute  cubes,  from  which  water  separates. 

Pure  chloride  of  sodium  has  an  agreeable  saline  taste,  dcSr 
quesces  slightly  in  damp  weather,  and  dissolves  largely  in  recti- 
fied spirits,  but  is  very  slightly  soluble  in  absolute  alcohol.  Iti 
density  is  2.557  (Mohs).  It  fuses  at  a  bright  red  heat,  and  it 
a  higher  temperature  rises  in  vapour.  It  is  immediately  decom- 
posed by  oil  of  vitriol,  with  the  evolution  of  hydrochloric  add. 
Besides  being  used  as  a  seasoning  for  food,  chloride  of  sodimn 
is  employed  in  the  preparation  of  the  sulphate  and  carbonate  of 
soda.  When  ignited  in  contact  with  clay  containing  oxide  of 
iron,  the  sodium  of  this  salt  becomes  soda,  and  unites  witbth 
silica  of  the  clay,  while  the  chlorine  combines  with  iron,  andii 
volatilised.  On  this  decomposition  is  founded  the  mode  of 
communicating  the  salt-glaze  to  pottery:  a  quantity  of  sdt  ii 
thrown  into  the  kiln,  where  it  is  converted  into  vapour  by  tta 
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hntj  and  condensing  upon  the  surface  of  the  pottery  causes  its 
nitrification,  which  is  attended  with  the  formation  of  Iiydro- 
Aknic  acid^  and  perchloride  of  iron. 

The  bromide  and  iodide  of  sodium  crystallize  in  cul)es,  and 
memble  in  properties  the  corresponding  compounds  of  potas  - 
mm.  The  other  compounds  of  sodium  are  not  of  particular 
niterest. 


SALTS  OF  SODA. 

Carbonate  of  soda;  NaO,  CO^-f  lOHO  ;  667.3+1125,  or 
53.47+90. — ^This  useful  salt  is  found  nearly  pure  in  commerce, 
m  laige  crystals,  which  effloresce  when  exposed  to  air.  Thcso 
crystab  contain  1 0  equivalents  of  water,  anci  consist  in  100  parts, 
of  21.81  soda,  15.43  carbonic  acid,  and  62.76  water.  Accordin*; 
to  Dr.  Thomson,  they  generally  contain  about  i  per  cent  of 
sulphate  of  soda,  as  an  accidental  impurity.  Their  form  ap- 
pears to  belong  to  the  oblique  prismatic  system.  Their  density 
is  1.623  ;  100  parts  of  water  dissolve  20.64  of  the  crj'stals  at 
58.25%  and  more  than  an  equal  weight  at  the  boiling  tempera- 
ture (Dr.  Thomson).  In  warm  weather  the  carbonate  of  soda 
sometimes  crystallizes  in  another  form  of  crystal,  which  is  not 
efflorescent,  and  of  which  the  proportion  of  water  is  variously 
stated  by  Mitscherlich  and  Thomson  at  7  and  s  equivalents. 
A  third  hydrate  was  obtained  by  Mohs,  on  allowing  a  solution 
of  carbonate  of  soda,  saturated  between  GS"  and  86**,  to  cool ; 
which  was  found  to  contain  17*74  percent,  of  water,  a  result 
somewhat  exceeding  1  equivalent.  On  eva])orating  a  solution 
of  carbonate  of  soda  at  the  Ixtiling  point,  the  salt  precipitates  in 
a  powder,  which  contains  nearly  the  same  proportion  of  water. 

^Hiis  salt  has  a  disagreeable  alkaline  taste.  When  heated  it 
undeigoes  the  watery  fusion ;  its  water  is  soon  dissipated,  and 
a  white  anhydrous  salt  remains,  which  again  becomes  liquid  at 
a  red  heat,  undergoing  then  the  igneous  fusion.  A  mixture  of 
carbonates  of  potash  and  soda  is  more  fusible  than  either  salt 
aeparately. 

Carbonate  of  soda  is  prepared  by  a  process  which  will  be 
described  immediately,  under  the  head  of  sulphate  of  soda. 
Much  of  the  carbonate  of  commerce  is  not  crystallized,  but 
nmply  evaporated  to  dryness^  and  is  then  known  as  galit  of 
$oda.    In  this  form  it  always  contains  chloride  of  sodiuiu^  aul- 
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phate  of  soda,  and  often  insoluble  matter,  and  varies  considn^ 
ably  in  value.  The  soda  in  combination  with  carbonic  add 
only,  is  available  in  the  application  of  the  salt  as  an  alkafine 
substance.  The  pure  anhydrous  carbonate  of  soda  consisti  of 
58.58  soda  and  41.42  carbonic  acid,  but  the  best  soda-salts  cl 
commerce  rarely  contain  so  much  as  50  per  cent,  of  avulslib 
soda.  The  operation  of  ascertaining  the  proportion  of  alkali  is 
these  salts,  and  in  other  forms  of  the  carbonate  of  soda,  is  apm-' 
cess  of  importance  from  its  frequent  occurrence,  and  interestinf 
as  a  method  of  analysis  of  easy  execution  and  applicable  to  I 
great  variety  of  substances.  I  shall  therefore  describe  minntity 
the  mode  of  eonducting  it. 

ALKALIMETRY. 


n 


-L 


The  experiment  is  to  find  how  many  measures  of  a  diluted 
acid  are  required  to  destroy  the  alkaline  reaction  of^  and  to 
neutralise  100  grains  of  a  specimen  of  soda-salt.  (I)  The  acidU 
measured  in  the  alkalimeter,  which  is  a  straight  glass  tub^  oc 
Fig.  47'  very  narrow  jar  with  a  lip,  about 

a  5-8ths.  of  an  inch  in  width,  and 
^fl  14  inches  in  height,  mounted 
upon  a  foot,  as  a  of  figure  47i 
capable  of  containing  at  least 
1000  grains  of  water.  It  ii 
graduated  into  100  parts,  each 
of  which  holds  ten  grains  of 
water.  In  the  operation  of  dir 
viding  such  an  instrument  it  if 
more  convenient  to  use  met- 
sures  of  mercury  than  water; 
135.68  grains  of  mercury, being 
in  bulk  equal  to  10  grains  of  water,  6/8.40  grains  ii-ill  be  eqwl 
to  50  grains  of  water.  A  unit  measure  may  be  formed  rf  • 
pipette,  b  in  figure  47,  made  to  liold  the  last  quantity  of  mer- 
cury, into  which  the  metal  is  poured,  the  opening  at  the 
point  of  the  pipette  being  closed  by  the  finger,  and  the  height 
of  the  mercury  in  the  tube  marked  by  a  scratch  on  the  glisiy 
made  by  a  triangular  file.  The  bulk  of  twice  that  quantity  rf 
mercury,  or  100  water  grain  measures,  may  likewise  be  marked 
"opon  the  tube.    The  former  quantity  of  mercury  is  then  de- 
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anted  from  the  tube  into  the  alkalimeter  to  be  graduated^  and 
a  icratch  made  upon  the  latter  at  the  mercury  surface :  this  is 
5  of  the  ten-grain  water  measures.  Another  measure  is  added 
nd  its  hdght  marked ;  and  the  same  repeated  till  20  measures 
of  mercury  in  all  have  been  added,  which  are  100  ten-grain  water 
neasares.  The  subdivision  of  each  of  tiicse  measures  into  5  is 
liert  made  by  the  eye,  and  is  also  marked  on  the  alkalimeter. 
rhe  divisions  are  lastly  numbered,  0,  5,  10,  ^cc.,  counting 
!iom  above  downwards^  and  terminating  with  100  on  the  sole 
i  tihe  instrument.  Several  alkalimetcrs  may  be  gruduatod  at 
the  same  time^  with  little  more  trouble  than  one,  the  niesisured 
jnantities  of  mercury  being  transferred  from  one  to  the  others 
in  succession.  The  French  alkalimeter,  d  of  figure  \7j  i^  a  more 
Donvenient  instrument  to  pour  from,  but  it  is  too  fragile  for 
Dommon  use. 

(2)  To  form  the  test  acid^  4  ounces  avoirdupois  of  oil  of 
ritriol  are  diluted  with  20  ounces  of  water ;  or  larger  quantities 
if  add  and  water  are  mixed  in  these  projwrtions.  A))out  Jths 
3f  an  ounce  of  bicarbonate  of  soda  is  heated  strongly  by  a  lamp 
far  a  few  minutes^  to  obtain  pure  carbonsite  of  soda ;  of  wliicli 
171  grains  are  immediately  weighed;  tiiat  quantity,  or  niorc 
properly  170.G  grains,  containing  100  grains  of  soiia.  Tliis 
portion  of  carbonate  of  soda  is  dissolved  in  4  or  5  ounces  of 
hot  water;  and  the  alkalimeter  filled  up  to  O,  witii  the  dilute 
idd.  The  acid  is  poured  gradually  into  the  soda  solution,  till 
Ae  action  of  the  latter  upon  test-pa])er  cea^^es  to  be  alkaline, 
and  becomes  distinctly  acid,  and  the  measures  of  acid  necessary 
to  produce  that  change  accurately  observed.  It  may  proba))ly 
require  about  90  measures.  But  it  is  convenient  to  have  tlie  acid 
enctly  of  the  strength  at  which  UA)  measures  of  it  saturate  fOO 
grains  of  soda.  A  plain  cylindrical  jar  r,  of  which  the  capacity 
ii  about  a  pint  and  a  half  is  graduated  into  100  psLVts^  each  con- 
taining 100  grain  measures  of  water,  or  ten  times  as  much  as  the 
dinnons  of  the  alkaUmeter.  Tlie  divisions  of  this  jar,  however, 
ire  numbered  from  the  bottom  upwards,  as  is  usual  in  mea- 
mres  of  capacity.  This  jar  is  filled  up  with  the  dilute  acid  to 
Hie  extent  of  SK),  or  whatever  number  of  the  alkalimeter  divi- 
dons  of  acid  were  found  to  neutralise  100  grains  (»f  soda;  and 
Wiier  is  added  to  make  up  the  acid  liquid  to  100  measures. 
Such  is  the  test  acid,  of  which  100  alkalimeter  measures  neu- 
tnlise^  and  are  equivalent  to  100  grains  of  soda;  or  1   measure 
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of  acid  to  1  grain  of  soda.  It  is  transferred  to  a  stock  bottk 
The  remainder  of  the  original  dilute  acid  is  diluted  with  water 
to  an  equal  extent,  in  the  same  instrument,  and  added  to  the 
bottle.  The  density  of  this  acid  is  1.0995  or  1.0998,  whidiil 
sensibly  the  same  as  1.1.  By  a  curious  coincidence^  atitMig  dl> 
of  vitriol  diluted  with  11  times  its  weight  of  water,  girestliii 
test  acid  exactly ;  but  as  oil  of  vitriol  varies  a  little  in  8t7eng|h|' 
it  is  better  to  form  the  test  acid  in  the  manner  described,  tlm 
to  trust  to  that  mixture.  Twenty-one  measures  of  the  test  acU 
should  neutralise  1 00  grains  of  cr.  carbonate  of  soda ;  and  SU* 
measures,  100  grains  of  pure  anhydrous  carbonate  uf  soda* 

(3)  In  applying  the  test  acid,  it  is  poured  from  the  alkilh> 
meter,  as  before,  upon  100  grains  of  the  soda-salt  to  be  tested^' 
dissolved  in  two  or  three  ounces  of  hot  water.  The  salt  contMi' 
so  many  grains  of  soda,  as  it  requires  measures  of  acid  to  nc*** 
tralise  it;  and  therefore  so  much  alkali  per  cent.  If  the  todi^ 
salt  is  mixed  with  insoluble  matter,  its  solution  must  be  filtaidk: 
before  the  test  acid  is  added  to  it.  In  examining  a  aoda-aH- 
which  blackens  salts  of  lead,  and  contains  both  carbonats  tf 
soda  and  sulphuret  of  sodium,  100  grains  are  tested  as  abof^ 
and  the  whole  alkali  in  both  salts  thus  determined.  A  neatnl 
solution  of  chloride  of  calcium  is  also  added  in  excess  to  the  so- 
lution of  u  second  hundred  grains,  by  which  the  carbonate  of 
soda  is  converted  into  chloride  of  sodium,  while  carbonate  of 
lime  precipitates.  The  filtered  liquid  is  still  alkaline,  and 
tains  all  the  sulphuret  of  sodium ;  the  quantity  of  soda 
ponding  with  which  is  ascertained  by  means  of  the  test  aciiL 
The  difference  between  the  quantities  of  alkaU  observed  in  tiio 
two  experiments  is  the  ])roportion  of  soda  present,  as  carbonate. 

Borax  also  may  be  analyzed  by  the  same  test  acid,  and  will 
be  found  when  pure  to  contain  16.37  per  cent  of  soda.  The 
carbonates  of  potash  may  also  be  examined  by  the  same  means, 
but  the  per  centage  of  alkali  must  then  be  estimated  higher  this 
the  measures  of  acid  neutralised,  in  the  proportion  of  the  eqoifi- 
Icnt  of  soda  to  that  of  potasli,  which  are  to  each  other  ntf 
nearly  as  39  to  59.  The  test  paper  employed  in  alkalimetry 
must  be  dehcate.  It  should  be  prepared  on  purpose,  by  dippia; 
good  letter-j)aper  several  times  in  a  filtered  infusion  of  litmnii 
and  drying  it  after  each  immersion,  till  the  paper  is  of  a  deep 
purple  colour.  A  test  paper  prepared  with  cudbear  in  the  same 
way  answers  still  better,  but  the  latter  colouring  matter  is  noC 
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CMily  obtained  of  good  quality.  Tlie  operator  must  also  make 
UiDAelf  ^miliar  with  the  difference  between  tlie  slight  reddoninir 
cf  hia  test  paper^  by  carbonic  acid,  which  is  diseni;a;^o(I,  and  the 
uequiYOcal  reddening  produced  by  a  strung  a(*id,  which  hist  is 
Ae  indication  to  guide  him. 

Bicwrbonate  of  soda;  HO,  COa  +  NaO,  CO^:  Ior)r>.2  or 
84^64. — ^This  salt  is  prepared  by  transmitting  a  stri!am  of  carbo- 
ucacid  through  a  saturated  solution  of  the  neutral  carbonate  ; 
it  is  then  deposited  as  a  farinaceous  powder,  but  may  he  oh- 
tnned  in  crystals  from  a  weaker  solution.  It  requires  ).{  times 
iti  weight  of  cold  water  to  dissolve  it.  Althou;;h  containing 
two  equivalents  of  acid,  this  salt  is  alkaline  to  tost  paper,  but  its 
laste  is  much  less  unpleasant  than  the  neutral  carbonate,  and 
indeed  is  scarcely  perceived  when  combined  with  a  little  common 
ab.  The  proportion  of  alkali  in  bicarhonate  of  soda  is.i7-<^  per 
eeoty  but  the  salt  of  commerce  generally  contains  upwards  of  10 
per  cent,  owing  to  the  presence  of  neutral  carbonate  in  the  state 
of  {votobydrate,  which  last  salt  may  be  separated  by  a  small 
qiuntity  of  water. 

Hie  bicarbonate  of  soda  is  also  obtained  otherwise  by  an  in- 
toesting  reaction.  Equal  weights  of  common  salt  and  carbo- 
mte  of  ammonia  of  the  shops  are  taken  ;  the  former  is  dissolved 
in  three  times  its  weight  of  water,  and  the  latter  added  in  a 
state  of  fine  powder  to  this  solution,  the  whole  stirred  well  toge* 
Ifaer,  and  allowed  to  stand  for  some  hours.  The  bicarbonate  of 
cade  of  ammonium  present  reacts  upon  rliloride  of  sodium, 
jnodacing  the  sparingly  soluble  bicarbonate  of  soda,  whicli  preci- 
pitites  in  crystalline  grains  and  causi-s  the  liquid  to  become 
tbidi^  and  chloride  of  ammonium  (sal  ammoniac),  which  re- 
mams  in  solution  : — 

HO,  COj  +  NH^O,  CO^  and  Na  Cl= 
HO,C02  +  NaO,CO.^and  MI,  CI. 
Ihe  solid  bicarbonate  of  soda  is  separated  from  the  liquid  by 
pressure  in  a  screw  press  ;  but  retains  a  jiortion  of  chloride  of 
sodium.     Messrs.  Hemming  and  Dyer,  who  iirst  observed  this 
VfeMtion,  have  proposed  to  found  upon  it  a  j)rocess  for  obtaining 
sirbonate  of  soda  from  common  salt. 
Setquicarbonaie  of  soda;    2NaO-{-3COa-f  4HO  ;    2061    or 
63.15. — ^This  salt  presents  itself  occasionally  in  small  prismatic 
rystals,  but  cannot  be  prepared  at  pleasure.     It  is  unalterable 
1  the  air,  but  is  decomposed  in  the  dry  state,  I  find,  by  a  less 
.^ree  of  heat  than  the  bicarbonate^  notwithstanding  its  con- 
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tainJng  a  smaller  excess  of  carbonic  acid.  The  theorrtiad 
carbonate  of  watetj  supposed  to  resemble  the  carbonate  of  m^ne- 
sia,  will  be  HO,  CO.^  HO-f  2HO  j  which  gi%cs  the  salt  in  <pies- 
tion,  if  the  last  2HO  are  replaced  by  two  proportions  of  proto^ 
hydrated  carbonate  of  soda.  Substitutions  of  this  chanicter| 
appear  to  be  common,  in  the  formation  of  double  carbonates 
oxalates.  The  bicarbonate  of  potash  may  be  formed  b 
substitution  of  carbonate  of  potash  for  the  first  HO»  in  fhi 
bonate  of  water,  while  the  other  2HO  disappear.  This  sail 
eurs  native  in  several  places,  particularly  on  the  banks  of 
lalces  of  soda  in  the  province  of  Snkena,  in  Africa,  whence 
exported  under  the  name  of  Tronn^  in  Egypt,  Hungary,  ai 
Mexico,  and  has  the  same  proportion  of  water  as  the 
salt. 

Sulphate  of  soda^  Glauber^ 8  salt ;  NaO,  SO3  +  lOHO ; 
+  1125,  or  71.48 -f  90. — ^This  salt  occurs  crystallized  in 
and  also  dissolved  in  mineral  waters,  and  is  formed  on 
tralising  carbonate  of  soda  by  sulphuric  acid.     But  it  is 
generally  prepared  by  decomposing  common  salt  with  sulpl 
acid,  as  in  the  process  for  hydrochloric  acid  (page  3H2.) 
sulphate  of  soda  crystallizes  readily  in  long  prisms,  of  which  tfcc 
sides  are  often  channeled,  which  have  a  cooling  and  bitter  taste, 
and  contain  55.7^  p^r  cent  of  water,  or  10  equivalent 
they  fuse  by  a  slight  elevation  of  temperature,  anfi 
lose  by  efflorescence  in  dry  air.     At  :vy,  100  parts  of  water  dn* 
solve  5.02  parts  of  anliydrous  sulphate  of  sod.' 
91*,  which  is  the  temperature  of  maximum  > 
salt,  and  42.65  parts  at  the  boiling  temperature.     In  a  «ap<t* 
saturated  solution  of  this  salt  (page  263),  crystals  ar 
slowly  deposited,  which  are  different  in  form  and  i 
Glauber *s  salt;  they  contain  8  equivalents  of  water,    A  »*«' 
rated   solution  of  sulphate  of  soda,  kept  at  a  temperature  be- 
tween 91 '^  and  101^,  affords  octohedral  crystals  with  a  rbnm^ic 
base,  which   are  anhydrous.     They  are  isomorphoas  v 
hy permanganate  of  barytes.*     Their  density  is  2.642-     i  »t  «^*  j 
hydrous  salt  fuses  at  a  bright  red  heat,  without  losa  of  icmI* 
Sulphate  of  soda  was  at  one  time  the  saline  aperient  in  eomniA 

*  Dr.  Clark  confttdert  this  isomorphism  not  fortuitous^  ftml  fotiiMis  oait* 
ioteresting  sp^cutattun  respecting  the  coostitution  of  siLKla.     it 
dooble  the  atomic   weight  of   sodium,  or  to  estimate  it  at  58! 
represents    by    So.    and    lo  make   eoda  a  |>croiide,  *'So*'   0^ 
other  pcro¥ide»  «nites  with  ss  mjuiy  proportions  of  odd  u  it 
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Qie,  bat  is  now  superseded  by  sulphate  of  magnesia.  It  is  still, 
bowerer,  combined  with  the  tartrate  of  potash  and  soda^  in 
Sddlits  powders. 

PREPARATION  OF  CARBONATE  OF  SODA  FROM  THE  SULPHATE. 

The  sulphate  of  soda  is  chiefly  formed^  as  a  step  in  the  pro- 
cess of  preparing  soda  from  common  salt.  The  same  manufac- 
tare  requires  large  quantities  of  sulphuric  acid,  not  less  than 
12/100  tons  of  sulphur  being  annually  converted  into  that  acid 
m  England ;  and  by  means  of  the  acid,  50,0(X>  tons  of  salt  con- 
msrted  into  sulphate  of  soda.  From  the  last^  upwards  of  iiO,0(X> 
tons  of  soda  ash,  and  20^000  tons  of  crystallized  carbonate  of 
soda  were  manufectured,  in  1 838 ;  and  the  manufacture  is  greatly 
on  the  increase.* 

A  rererberatory  furnace  is  employed  in  soda-making  and 
nriouB  other  chemical  manufactures^  to  afford  the  means  of  cx- 
poting  a  considerable  quantity  of  materials  to  a  strong  heat, 
of  whieh  a  perpendicular  and  a  horizontal  section  are  given  in 
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figure  48.  It  consists  of  a  fire- 
place a,  in  which  the  fuel  is  burned, 
of  which  b  is  the  ash-pit,  with  a 
horizontal  flue  expanded  into  a 
small  chamber  or  oven  d  c/,  which 
is  raised  to  a  strofig  red  heat,  by 
the  reverberation  on  its  walls  of 
the  flame^  or  heated  air  from  the 
fire,  on  its  passage  to  tlic  cliiniuey. 
The  matters  to  be  heated  are  placed 
upon  the  floor  of  this  chamber.  It 
has  an  opening  t  in  the  side,  fur 
the  introduction  of  materials,  and 
another  opening  g  at  the  end  most 


oxygen,  or  with  two.    The  relation  between  the  two  BalU  is  thus  brought 
out:— 

Hypermanganate  of  barytes  is,  .  BaO  +  Mn,0, 

Or,  on  the  binary  theory  of  salts,  .  .  Ba  +  Mn,  O,. 

Two  atoms  of  sulphate  of  soda,  on  the  same  theory,  are  Na^  -*-  S  0« ; 

Or.  2Na  being  really  ••  So," "So" +  8,0,. 

It  will  be  oboerred  tliat,  as  represented  by  the  second  and  fourth  formuln, 
hypennanganate  of  barytes  and  sulphate  of  soda  have  a  similar  atomic  con* 
ititntions  they  should  therefore  be  isomorphous. — (llccordsof  General  Sci- 
ence, Vol.  IV.,  page  45.) 
•  Inlbitnation  supplied  hy  Mr,  MuMpntt  of  LiverpooL 
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distant  from  the  fire ;  the  chimnej  is  provided  with  a  damper  j^ 
by  which  the  draught  is  regulated. 

(1)  The  sulphate  of  soda  is  prepared  by  throwing  600  poimdi 
of  common  salt  into  the  chamber  of  the  furnace,  already  wcD 
heated^  and  running  down  upon  it  from  an  opening  in  the  ndf 
an  equal  weight  of  sulphuric  add  of  density  1.600^  in  a  modente 
stream.  Hydrochloric  acid  is  disengaged  and  carried  up  A» 
chimney,  and  the  conversion  of  the  salt  into  sulphate  of  soda  ii 
completed  in  four  hours.  (2)  The  sulphate  thus  prepared  ii 
reduced  to  powder  and  mixed  with  an  equal  weight  of  groond 
chalky  and  half  its  weight  of  small  coal  ground  and  sifledL  lUt* 
mixture  is  introduced  into  a  very  hot  reverberatory  fumaoOy 
about  two  hundred  weight  at  a  time.  It  is  frequently  stirred 
until  it  is  uniformly  heated.  In  about  an  hour  it  fuaes,  is  dm 
well  stirred  for  about  five  minutes,  and  drawn  out  with  a  nks 
into  a  cast  iron  trough,  in  which  it  is  allowed  to  cool  and  solidify. 
This  is  called  ball  soda  or  British  barilla,  and  contains  about  ^ 
per  cent  of  alkali.  (3)  To  separate  the  salts  from  insolabk 
matter,  the  cake  of  ball  soda,  when  cold,  is  broken  up^  put  into 
vats^  and  covered  by  warm  water.  In  six  hours  the  sohition  is 
drawn  ofif  from  below,  and  the  washing  repeated  about  eight 
times,  to  extract  all  the  soluble  matter.  These  liquors  being 
mixed  together  are  boiled  down  to  dryness,  and  affi)rd  a  salt 
which  is  principally  carbonate  of  soda^  with  a  little  caustic  sodi 
and  sulphuret  of  sodium.  (4)  For  the  purpose  of  getting  rid 
of  the  sulphur,  the  salt  is  mixed  with  one-fourth  of  its  bulk  of 
sawdust,  and  exposed  to  a  low  red  heat  in  a  reverberatory 
furnace  for  about  4  hours,  which  converts  the  caustic  soda  into 
carbonate,  while  the  sulphur  also  is  carried  off.  This  product 
contains  about  50  per  cent  of  alkali,  and  forms  the  soda-salt  of 
best  quality.  (5)  If  the  crj'stallized  carbonate  is  required,  the 
last  salt  is  dissolved  in  water,  allowed  to  settle,  and  the  dear 
liquid  boiled  down  until  a  pellicle  appears  on  its  surfietce.  The 
solution  is  then  run  into  shallow  boxes  of  cast  iron  to  crystil- 
lize,  in  a  cool  place ;  and  after  standing  for  a  week  the  mother 
liquor  is  drawn  oif,  the  crystals  drained,  and  broken  up  for  the 
market.  ((>)  The  mother  liquor,  which  contains  the  foreign 
salts,  is  evaporated  to  dr}'ness  for  a  soda  salt,  which  serves  (of 
soap  or  glass  making,  and  contains  about  SO  per  cent,  of  alkali. 

The  most  essential  part  of  this  process  is  the  fusion  of  sul- 
phate of  soda  with  coal  and  carbonate  of  lime ;  by  the  first,  the 
sulphate  is  converted  \\\to  suVvlwixet  of  sodium  (page  448),  and 
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b^  the  second  the  sulphuret  of  sodium  is  converted  into  carbo- 
nte  of  soda ;  and,  if  desirable,  these  changes  may  be  effected 
nparatelj,  by  calcining  the  sulphate  with  coul  and  carbonate  of 
Sme  in  succession.  The  lime  becomes  at  the  same  time  sul- 
phuret of  calcium,  a  compound  which  would  destroy  the  carbo- 
Site  of  soda,  if  dissolved  along  with  that  sail,  in  the  subsequent 
liiimtion  of  the  ball  soda.  But  althougli  possessed  of  a 
ovtiin  degree  of  solubility,  the  sulphuret  of  calcium  does  not 
dissolve  in  the  experiment,  from  being  in  combination  with 
Eiiie,  as  an  oxisulphuret  of  calcium.  Hence  an  excess  of  lime 
b  necessary  in  the  process.  The  application,  however,  of  very 
ikot  water  to  the  ball  soda  is  to  be  avoided,  as  the  oxisulphuret 
is  decomposed  at  a  high  temperature,  and  sulphuret  of  calcium 
dinolved  out.  The  following  diagram  will  represent  the  ciicnii- 
ed  changes  in  this  process,  supposing  for  simplicity  that  char- 
eoil  is  employed  instead  of  coal,  and  lime  instead  oif  its  carbon- 
He;  the  numbers  denoting  equivalents  : — 

REACTION    IN   THE    SODA    PROCESS. 
Before  decompotition.  After  dccompoiition. 

4  Carbon       4  Carbon 4  Carbonic  oxide. 

"f""^  I  Sulphur       ,-- 

J  .  r  Oxygen  ^^^ . 

""®  \  Calcium --:   Sulphuret  of  calcium 

Lime  Lime      -Lime 


V.S 

8 


Hie  soda  derives  carbonic  acid  from  the  carbonate  of  lime  or 
fiom  the  fire,  and  is  therefore  obtained  principally  as  carbonate. 
The  insoluble  oxisulphuret  of  calcium  of  this  process  is  known 
II  soda-waste.  It  has  hitherto  been  not  merely  valueless  but 
troublesome  to  the  manufacturer.  But  the  attempt  is  at  pre- 
lent  made  to  turn  it  to  account  as  a  source  of  sulphur.  Means 
ire  taken  to  condense  the  hydrochloric  acid,  formerly  sent  up  the 
dnmney,  and  this  acid  is  applied  to  the  soda-waste,  from  which 
it  disengages  sulphuretted  hydrogen,  and  carbonic  acid.  But 
hydrochloric  acid  is  not  produced,  in  the  soda  process,  in  ade- 
|aate  quantity  for  this  application  of  it,  and  carbonic  acid 
svolved  with  sulphuretted  hydrogen  might  interfere  with  the 
iombastion  of  the  latter.  These  difticulties,  however,  are  in  a 
;icat  degree  removed  by  the  discovery  of  Mr.  Gossage,  that 
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sulphuret  of  calcium,  when  moistened,  is  decomposed  easily  and 
completely  by  a  single  equivalent  of  carbonic  acid.  Henoe  the 
application  of  hydrochloric  acid  to  the  waste  may  be  made,  iritk 
the  evolution  of  nothing  but  sulphuretted  hydrogen ;  and  the 
deficiency  in  the  quantity  of  hydrochloric  acid  may  be  made  up 
by  a  supply  of  carbonic  acid,  to  be  applied  to  the  waste,  froB 
any  other  source.  The  sulphuretted  hydrogen  is  burned,  in* 
stead  of  sulphur,  in  the  leaden  chamber,  to  reproduce  solphurie. 
acid. 

Many  changes  have  been  proposed  upon  the  soda  proc€a«. 
Sulphate  of  iron,  produced  by  the  oxidation  of  iron-pyrites,  is.  i. 
cheap  salt,  and  may  be  applied  to  convert  chloride  of  soAmn. 
into  sulphate  of  soda, — (1)  by  igniting  a  mixture  of  these  saUp, 
in  a  reverberatory  furnace,  when  sulphate  of  soda,  peioxide>of 
iron  and  volatile  perchloride  of  iron  are  produced  :  (2)  by  dil-! 
solving  the  salts  together  in  water,  and  allowing  the  solution  to. 
fall  to  a  low  temperature,  when  sulphate  of  soda  crystalliiesi. 
and  chloride  of  iron  remains  in  solution  (Mr.  Phillips);  or  (3)  bj 
concentrating  the  last  solution  at  the  boiling  point,  when  Ae 
same  decomposition  occurs,  anhydrous  sulphate  of  soda  predpir 
tates,  and  may  be  raked  out  of  the  liquor.  Sulphate  of  magne- 
sia lias  also  been  substituted  for  sulphate  of  iron,  in  these  three 
modes  of  application.  It  has  been  proposed,  instead  of  fiir- 
nacing  the  sulphate  of  soda,  to  decompose  it  by  caustic  barytet. 
Chloride  of  sodium  has  also  been  decomposed  by  moistening  i^ 
and  rubbing  it  in  a  mortar  with  4  or  G  times  its  weight  of  lithai]g9i 
when  an  oxichloride  of  lead  is  formed,  and  caustic  soda  liberated. 
The  decomposition  of  chloride  of  sodium  by  the  carbonate  of 
ammonia,  with  formation  of  bicarbonate  of  soda,  has  already 
been  noticed  (page  4(>9).  It  appears,  however,  that  the  soda- 
process  first  described,  which  was  invented  towards  the  end  of 
last  century  by  Lcblanc,  is  still  generally  preferred  to  all  othen. 

Tlie  old  sources  of  carbonate  of  soda,  namely  barilla,  or  the 
ashes  of  the  salsola  soda,  which  is  cultivated  on  the  coasts  of 
the  Mediterranean,  and  kelp,  the  ashes  of  sea-weeds,  hive 
ceased  to  be  of  importance,  at  least,  in  England.  Barilla  coo- 
tains  about  1 8,  and  kelp  about  2  per  cent  of  alkali. 

Bisulphate  of  soda;  HO,  SOg  +  NaO,  SO,;  1505.7  or  120.64. 
This  salt  is  obtained  in  large  crystals  on  adding  an  equivalent  of 
oil  of  vitriol  to  sulphate  of  soda,  and  evaporating  the  solution 
till  it  attains  the  degree  of  concentration  necessary  for  crystallitf- 
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;•  If  half  an  equivalent  only  of  oil  of  vitriol  is  added,  a 
mutphate  of  soda  is  obtained  in  fine  crystals,  according  to 
scherlich. 

lUraie  of  soda;  NaO,  NO^;  J067.9  or  85.57.— This  s&It 
itaDizes  in  the  rhomboidal  form  of  calc-spar.  It  is  soluble 
wice  its  weight  of  cold  water,  and  has  a  tendency  to  deli- 
we  in  damp  air.  It  bums  much  slower  with  combustibles 
I  nitrate  of  potash,  and  cannot  therefore  be  substituted  for 
;  salt  in  the  manufacture  of  gunpowder.  It  is  now  gene- 
f  had  recourse  to,  as  the  source  of  nitric  acid.  Nitrate  of 
lis  found  abundantly  in  the  soil  of  some  parts  of  India ;  and 
Uacama  in  Peru,  it  covers  large  districts,  from  which  it  is 
DTted  in  considerable  quantity. 

%lorate  of  soda  (NaO,  CIO5}  is  formed  by  mixing  strong  so- 
ma of  bitartrate  of  soda  and  chlorate  of  potash,  when  the  1)i- 
rate  of  potash  precipitates,  and  the  chlorate  of  soda  remains 
olution.  It  crystallizes  in  fine  tetrahedrons,  and  is  consi- 
ibly  more  soluble  than  chlorate  of  potasii. 
^hosphaies  of  soda. — There  are  three  crystallizabic  phos- 
tea  of  soda  belonging  to  the  tribasic  class,  which  I  shall  dc- 
be  under  their  old  names. 

Phosphate  of  soda  ;  IIO,  2NaO,  PO5  +  21IIO;  448(;.6  or 
.15.— 'This  is  the  salt  known  in  pharmacy  as  phosphate 
loda,  and  formed  by  neutralising  phosphoric  acid  from 
it  bones  (page  846)  with  carbonate  of  soda.  It  crystal- 
I  in  oblique  rhombic  prisms,  wliich  are  efflorescent,  and  es- 
ially  alkaline.  The  taste  of  phosphate  of  soda  is  cooling 
saline,  and  less  disagreeable  than  sulphate  of  magnesia,  for 
ch  it  may  be  substituted  as  an  aperient.  It  dissolves  in  4 
5S  its  weight  of  cold  water,  and  fuses  in  its  water  of  crystal- 
tion,  when  moderately  heated.  When  evaporated  above  SH)^, 
salt  crystallizes  in  another  form  with  1 4  instead  of  24  atoms 
rater  (Clark).  It  is  deprived  of  half  its  alkali  by  hydro- 
fric  acid,  but  not  by  acetic  acid. 

ubphosphate  of  soda ;  3Na  O,  VO^  -f  24  IIO ;  4764.5  or  38 1  -78. 

'ormed  when  an  excess  of  caustic  soda  is  added  to  the  preced- 

salt.     It  crystallizes  in  slender  six-sided  prisms  with  flat 

linations,  which  are  unalterable  in  air ;  but  the  solution  of 

salt  rapidly  absorbs  carbonic  acid,  and  is  deprived  of  one- 

1  of  its  alkali  by  the  weakest  acids.    The  crystals  dissolve 

times  their  weight  of  water  at  60^  and  undergo  the  watery 
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fusion  at  170*.     This  salt  continues  tribasic  after  bring  exp 
to  a  red  heat. 

Biphosiihate   of  soda  ;    2H0,  NaO,  P05H-2HO;    173S.I 
138*88. — Obtained    by  adding  tribasic  phosphate  of  water] 
phosphate  of  soda«  till  the  latter  ceases  to  produce  a  prccti 
with  chloride  of  barium.     The  solution  affords  crystab,  [ 
weather,  of  which  the  ordinary  form  is  a  right  rhombic^ 
having  its  larger  angle  of  93"*  54'.     But  this  salt  is  diinor|ibmii.^''i 
occurring  in  another  right  rhombic  prism,  of  which  the  an 
angle  is  7B*  30',  terminated  by  pyramidal  planes,  isomo 
with  binarseniat^  of  soda.     The  biphosphate  of  soda  is  very | 
luble,  and  has  a  distinct  acid  reaction.     Like  all  the  other! 
ble  tribasic  phosphates,  it  gives  a  yellow  precipitate  with  nit 
of  silver,  which  is  tribasic  phosphate  of  silver* 

Phostphaie  of  soda  and  ammonia^  MicrocoBmie  salt . 
NH4O,  NaO,  PO^-^NHO.— This  salt  is  obtained  by  he 
together  6  or  7  parts  of  crystallized  phosphate  of  soda,  1 
parts  of  water,  till  tlie  whole  is  liquid,  and  then  adding  1 
powdered  sal  ammoniac.  Chloride  of  sodium  separates^  aiull 
solution,  filtered  and  concentrated,  affords  the  phospl 
prismatic  crystals.  It  is  purified  by  a  second  crystalltiatl 
This  salt  occurs  in  large  quantity  in  urine.  It  is  much  empw 
as  a  flux  in  blow-pipe  experiments.  By  a  slight  heat  it  IQ 
8HO,  by  a  stronger  heat  it  is  deprived  of  its  remaining 
and  ammonia,  and  converted  into  metaphosphate  of 
which  is  a  very  fusible  salt.  It  will  be  observed  that  the  I 
atoms  of  base  in  this  phosphate  are  all  different,  nar 
oxide  of  ammonium,  and  soda;  of  which  the  two  ht- 
tbe  same  natural  family.  This  salt,  I  believe,  proved  the  I 
to  the  constitution  of  the  bibasic  and  tribasic  or^nic  aridi^ 
mippljnng  the  canon,  founded  upon  it  by  myself,  that  bases ' 
«ame  family  may  exist  together  in  the  salts  of  such  acids,  butj 
in  ordinary  double  salts  ;  wliich  was  happily  applied  to  citjcw 
the  salts  of  the  acids  in  question  by  MM.  Liebig  and  Pumis- 
No  phosphate  exists,  corresponding  with  niicrocosmic  salt,  b^ 
containing  potash  instead  of  oxide  of  ammonium  ;  the  pbospl 
of  soda,  vrith  14IIO,  has  been  mistaken  for  such  a  salt, 

Pyrophoitphate  of  soda  ;  2NaO,  PO5+  lOHO  ;  1674.!  +II 
or  134.15  -J-  90. — IVot'urcd  by  heating  the  phosphate  of 
Yedness,  when  it  loses  its  basic  water  as  well  as  its  water  of  m** 
taltisation.    The  residual  mass  dissolved  in  water  affords  a  »sJU 
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rfaich  b  less  soluble  than  the  original  phosphate,  and  crystal- 
Ims  in  prismatic  crystals,  which  are  permanent  in  air,  and  con- 
lin  ten  atoms  of  water.  Its  solution  is  essentially  alkaline. 
Us  salt  is  precipitated  white^  by  nitrate  of  silver.  It  is  to  be 
Bmarked  that  insoluble  pyrophosphates,  including  pyrophos- 
hate  of  silver,  are  soluble  to  a  considerable  degree  in  the  solu- 
km  of  pyrophosphate  of  soda.  Tlie  pyrophosphates  of  potash 
nd  of  ammonia  can  exist  in  solution,  but  pass  into  tribasic  salts 
rben  tfaey  crystallize. 

A  hipyrophosphate  of  goda  (HO,  NaO,  PO^)  exists,  obtained 
y  tbe  application  of  a  graduated  heat  to  the  hipliosphate  of 
oda,  but  it  does  not  crystallize.  Its  solution  has  an  acid  re- 
edon. 

Metfig^hogphate  of  soda  ;  NaO,  PO^;  1288.2  or  10-J.82.— The 
hree  phosphates  last  described,  all  contein  but  one  equivalent 
(  fixed  iMise,  and  afford  the  metaphosphate  of  soda,  when 
leated  to  redness ;  microcosmic  salt  being  readily  procured,  may 
tt  recommended  for  that  purpose.  The  metaphosphate  of  soda 
uses  at  a  heat,  which  does  not  exceed  low  redness,  and  on  cool- 
ig  forms  a  transparent  glass,  which  is  deliquescent  in  damp  air, 
nd  very  soluble  in  water,  but  insoluble  in  alcohol ;  its  solution 
Ai  a  feeble  acid  reaction,  which  can  be  negatived  by  the  addi- 
ion  of  4  per  cent  of  carbonate  of  soda.  When  evaporated,  this 
olution  does  not  give  crystals,  but  dries  into  a  transparent 
idlicle,  like  gum,  which  retains  at  the  temperature  of  the  air 
omewhat  more  than  a  single  equivalent  of  water.  Added  to 
leutral,  and  not  very  dilute  solutions  of  earthy  and  metallic 
■ks,  metephosphate  of  soda  throws  down  insoluble  hydrated 
netaphosphates,  of  which  the  ]>hysical  condition  is  remarkable. 
Hiey  are  all  soft  solids,  or  semifluid  l)odies ;  the  metaphosphate 
of  Kme  having  the  degree  of  fluidity  of  Venire  turpentine.  An 
leooont  has  already  been  given  of  the  sini^ulur  (*hange,  at  a  par- 
acolar  temperature,  of  hydrated  metaphosphate  of  soda  into  bi- 
lyrophosphate  of  soda,  occasioned  by  an  atom  of  water  l)coom- 
ng  basic  to  the  acid,  which  before  was  constitutional  to  the  salt 
pugcSSS). 

TTie  bipyrophosphate  of  soda  undergoes  several  changes, 
inder  the  influence  of  heat  before  it  becomes  metaphosphate. 
^t  a  temperature  of  500^,  the  salt  becomes  nearly  anhydrous, 
md  affords  a  solution  which  is  neutral  to  test  paper,  but  in 
other  respects  resembles  the  bipyrophosphate.    But  at  tempe- 
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ratures  which  are  higher,  although  short  of  a  red  heat,  the  nit 
being  anhydrous,  appears  to  have  lost  its  solubility  in  water; 
at  least  it  is  not  affected  at  first  when  thrown  in  powder  into 
boiUng  water,  but  gradually  dissolves  by  continued  digeslum,  I 
and  passes  into  the  preceding  variety. — (Phil  Trans.  18S3,  p.  j 
275.) 

Boraxy  Biborate  of  soda;  Na  O,  2BO3+IOHO;  1263.3. -f 
1125  or  101.23  +  90. — ^This  salt  is  met  with  in  commerce  11 
large  hard  crystals.  It  is  found  in  the  water  of  certain  lakeiii 
TVansylvania,  Tartary,  China,  and  Thibet,  and  is  deposited  in 
iheir  beds  by  spontaneous  evaporation.  It  is  imported  fm 
India  in  a  crude  state,  and  enveloped  in  a  httf  matter,  unte 
the  name  of  Tinkal,  and  afterwards  purified.  But  nearly  die 
whole  borax  consumed  in  England  is  at  present  formed  \fj 
neutralising  with  carbonate  of  soda,  the  acid  from  the  bondp 
lagoons  of  Tuscany.  The  ordinary  crystals  of  borax  are  priiijh 
of  the  oblique  system,  containing  10  atoms  of  water,  whidi  tfi 
not  efflorescent  when  free  firom  carbonate  (Mr.  O.  Sims) }  Ixtt 
it  also  crystallizes  at  133^  in  regular  octohedrons,  which  contu^ 
only  5  atoms  of  water.  This  salt  has  a  sweetish,  alkaline  taitt; 
for  although  containing  an  excess  of  acid,  it  has  an  alkaline  re- 
action, like  the  bicarbonate  of  soda. 

The  anhydrous  salt  is  very  fusible  by  heat,  and  forms  a  glan. 
This  glass  possesses  the  property  of  dissolving  most  metallic 
oxides,  the  smallest  portions  of  which  colour  it.  As  the  metal 
may  often  be  discovered  by  the  colour,  borax  is  valuable  u  t 
flux  in  blow-pipe  experiments.  As  pieces  of  metal  could  not  be 
soldered  together,  if  covered  by  oxide,  borax  is  fused  with  thf 
solder  upon  the  surface  of  the  metals  to  be  joined,  to  remofe 
the  oxide.  Borax  is  also  a  constituent  of  the  soft  glass,  knoim 
as  jewellers'  paste,  which  is  coloured  to  imitate  precious  stona. 
But  the  most  considerable  consumption  of  this  salt  is  at  tlie 
potteries,  in  the  formation  of  a  glaze  for  porcelain. 

A  neutral  borate  of  soda  was  formed  by  Berzelius  by  calciiuif 
strongly  1  eq.  of  borax  with  1  cq.  of  carbonate  of  soda,  wbea 
carbonic  acid  is  expelled.  Tlie  solution  yields  a  salt  belonging 
to  the  oblique  prismatic  system,  of  which  the  formula  is,  NiO» 
BOg-fSHO.  When  heated,  it  fuses  in  its  water  of  crystallia- 
tion,  and  is  expanded  into  a  vesicular  mass  of  extraordintff 
magnitude,  by  the  vaporisation  of  that  water. 

When  borax  is  fused  with  carbonate  of  soda  in  excess,  th 
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foantity  of  carbonic  acid  which  escapes  indicates  the  formation 
oT  a  borate^  dNaO  +  2B03y  but  which  has  not  been  fartlier  ex- 
imbed. 

A  salt  is  sud  to  exist,  formed  of  NaO+4BO.„  but  to  crys- 
tallize with  difficulty,  formed  on  combining  borax  with  a  quantity 
of  boracic  acid  equal  to  what  it  already  cimtains.  M.  Laurent 
liu  also  shewn  that  a  sexborate  of  soda  exists  in  solution,  but  is 
Mt  crystallizable*.  The  borates  of  potash  have  also  been  ex- 
uuned  by  Laurent.  The  sexborate  crystallizes  well ;  its  for- 
laula  is  KO,  6BO3  +  IOHO.  A  triborate  is  represented  by 
KO^SBOg  +  BHO;  the  biborate  corresponds  in  coini^osition 
vitli  octohedral  borax,  but  has,  notwithstanding,  a  ditrerent  and 
incompatible  form. 

SiUcaiea  q/*  soda. — When  the  earth  silica  (page  314)  is 
thxown  into  carbonate  of  potash  or  soda,  in  a  state  of  fusion 
bj  heat,  a  fusible  silicate  is  formed,  in  which,  judging  from 
Ae  quantity  of  carbonic  acid  expelled,  3  eq.  of  alkali  are  eoni- 
Uned  with  2  of  silica,  or  the  oxygen  in  the  alkali  is  to  that  in 
the  aflica  as  1  to  2.  Tliis  silicate  dissolves  in  tlie  clear  and 
Kquid  carbonate.  When  on  the  other  hand  a  greater  pro]K)rtion 
of  silica  is  fused  with  the  carbonate,  the  whole  carbonic  acid  of 
the  latter  is  expelled,  and  the  excess  of  silica  then  dissolves  in 
the  silicate.  The  silica  and  silicate  of  such  mixtures  do  not 
leparate  by  crystallization,  but  uniformly  suliilify  together,  on 
cooling,  as  a  homogeneous  glass,  whatever  their  proportions 
may  be.  It  is  tlius  impossible  to  obtain  alkaline  silicates,  which 
ai€  certainly  definite  combinations.  A  mixture  of  silica  with 
potash  or  soda,  in  which  the  oxygen  of  the  former  is  to  that  of 
fte  latter  as  18  to  1,  is  said  still  to  be  fusible  by  the  heat  of  a 
fiuge;  but  when  the  proportion  is  as  30  to  I,  the  mixture 
oeKely  agglutinates  or  frits.  These  combinations,  even  with  a 
laige  quantity  of  silica,  continue  to  be  soluble  in  water. 

A  compound,  knoiini  as  soluble  ylassy  is  obtained  by  fusing 
together  8  parts  of  carbonate  of  soda  (or  10  of  <^arI>onate  of 
(Wrtaah)  with  15  of  fine  sand  and  1  of  charcoal.  The  object  of 
iie  charcoal  is  to  facilitate  the  combination  of  the  silica  with 
Jie  alkali,  by  destroying  the  carbonic  acid,  whicii  it  coti verts 
nto  carbonic  oxide.  This  glass,  when  reduced  to  powder  is  not 
ittacked  by  cold  water,  but  is  dissolved  by    1  or   5  parts  of 

*  An  d«  CU.  «t  dc  Ph.  t.  67,  p.  218. 
I    I 
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boiling  water.  The  solution  may  be  applied  to  objects  of  wood, 
and  when  dried  by  a  gentle  heat  forms  a  yamisb,  which  imbibei 
a  little  moisture  from  the  air,  but  is  not  decomposed  by  cu^ 
bonic  acid,  nor  otherwise  alterable  by  exposure.  Stufls  im- 
pregnated with  the  solution  lose  much  of  their  combustibilitfi 
and  wood  is  also  defended  by  it,  to  a  certain  degree,  from  i 
bustion. 

GLASS. 

Tlie  alkaline  silicates,  cooled  quickly  or  slowly^ 
exhibit  a  crystalline  structure,  but  are  uniformly 
They  are  the  bases  of  the  ordinary  varieties  of  glass,  vUdi 
contain  earthy  silicates  besides,  but  appear  to  owo  dM 
vitreous  character  to  the  silicates  of  potash  and  soda.  TIm 
silicate  of  lime  and  the  silicate  of  the  protoxide  of  im 
crystallize  on  cooling,  so  does  the  silicate  of  lead^  unkN  it 
contains  a  large  excess  of  oxide  of  lead.  The  addition  of  As 
ulicate  of  potash  or  soda  deprives  them  entirely  of  this  pio* 
perty ;  tlie  silicate  of  alumina  considerably  diminishes  it  Bofc 
if  silicates  of  ixitasli  or  soda  are  heated  for  a  long  timc^  As 
alkali  may  in  part  escape  in  vapour,  and  if  other  bases  exist  in  As 
compound,  it  then  often  assumes  a  crystalline  structure  on  cool- 
ing. The  alkaline  silicatos  by  themselves  are  soluble  in  watcr,ind 
decomposed  by  acids ;  tlie  silicate  of  lime  is  also  dissolved  by 
acids,  but  the  double  silicates,  on  the  contrary,  resist  the 
action  of  acids,  particularly  wiien  ihey  contain  an  excess  of 
silica.  Till*  lollowing  tabic  exhibits  the  composition  of  the  best 
known  kinds  of  glass,  from  the  analyses  of  Dumas  and  of 
Faraday : — 

COMPOSITION    OF    VARIETIES    OF    GLASS. 
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Silicate  of  soda  aud  lime. — To  form  window-glass  100  psrti 
of  a  quartzy  sand  are  taken,  with  35  to  40  parts  of  chalk,  30  to 
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Jt5  parts  of  carbonate  of  soda  and   180  parts  of  broken  glass. 
Time  materials  are  first  fritted,  or  heated  so  as  U>  cause  the 
opalsion  of  water  and  carbonic  acid,  and  to  produce  an  a|;^lu- 
tinstion  of  their  particles,  and  afterwards  completely  fused  in  a 
hige  day  crucible  of  a  peculiar  construction.     For  the  first 
dnnation  of  the  glass  a  higher  temperature  is  required,  than 
ftat  at  which  it  is  most  tliick  and  viscid,  and  in  the  proper  con* 
fition  for  working  it.     At  the  latter  temperaturt*,  the  substance 
possesses   an  extraordinary  degree   of  ductility,  and  may   be 
dnwn  out  into  threads  so  fine  as  to  be  scarcely  visible  to  tlie  eye. 
i  portion  of  the  plastic  mass,  on  the  extremity  of  u  bIow-pi|)G, 
My  be   expanded   into  a  globular  flask,   and  prcst  or  bent 
irto  vessels  of  any  form,  which  may  be  pared  and  fashioned  by 
the  scissors.  At  a  lower  temperature,  glass  vessels  become  rigid, 
«d  when  cold  brittle  in  the  extreme,  unless  they  be  annealed, 
Ibat  is,  kept  for  several  hours  at  a  temperature  progressively 
bwered  firom   the  highest  degree  which   the  glass  can  bear 
vithout  softening,  to  the  temperature  of  the  atmosphere.    The 
idl-known  glass  tears,  or  Prince  Rupert's  drops,  as  tliey  arc 
dso  called,  which  are  made  by  allowing  drops  of  melted  glass 
to  fall  into  ^-ater,  illustrate  the  peculiar  proi>ertics  of  unan- 
aeafed  glass,  llie  surface  becoming  solid  by  the  sudden  cooling, 
vUle  the  interior  is  still  at  a  high  temperature  and  conse- 
foently  dilated,  the  drop  is  of  greater  volume   than  it  would 
he  if  cooled  slowly  and  equally  throughout  its  mass.     Its  par- 
lides  are  thus  in  a  state  of  extreme  tension,  and   an   injury  to 
•ny  part  causes  the  whole  mass  to  fly  to  pieces.    Tiie  fnicture 
of  uiannealed  vessels,  which  is  the  immediate^  cons(M|ucnce  of 
lontching  their  surface,  has  tieen  compared  to  the  cflVct  upon 
a  sheet  of  cloth  forcibly  stretched,  of  injurini;  its  cd«rc  in  the 
imallest  degree  by  a  knife  or  scissors.     It  then  ceases  to  pre- 
lenrc  its  integrity  by  resisting  the  tension,  and  is  torn  across.  The 
ndative  proportions  of  the  ingredients  of  this  and  other  species 
)f  glass  is  subject  to  some  variation.     But  the  oxygen  in  the 
iBses  of  window-glass  is  to  the  oxgen  of  the  silica,  nearly  as 
i  to  4.     This  glass  has  a  green  twit,  which  is  very  obvious  in 
\  considerable  mass  of  it,  occasioned  in  part,  it  may  be,  by  the 
npiuities  of  the  materials,  but  a  certain  degree  of  wiiich  ap- 
lears  to  be  essential  to  a  soda-glass.     For  in  all  tlie  colourless 
nd  finer  varieties  of  gUss,  it  is  necessary  to  use  potash. 
SUieaies  of  potash  and  /ime.— Plate-glass  used  for  mirrors, 

I  I  2 


483  SODIUM. 

crown-glass,  and  the  beautiful  Bohemian  glass  are  of  this  oompo- 
sition.  In  the  most  remarkable  varieties  the  oxygen  of  the  buei 
is  to  that  of  the  acid  as  1  to  4,  and  the  oxygen  of  the  lime  to  tfail 
of  the  potash  in  proportions  which  vary  from  1  and  f  ^  to  1  tnd 
1.  This  is  the  glass  of  most  difficult  fusibility,  and  therdm 
most  suitable  for  the  combustion  tubes  emplojfed  in  oiguis 
analysis.  From  its  purity,  and  the  absence  of  oxide  of  lead,  it 
is  also  made  the  basis  of  most  coloured  glasses,  and  of  stainsd 
glass.  To  produce  coloured  glasses  certain  metallic  oxides  ■• 
mixed  with  the  fused  glass  in  the  pot,  oxide  of  cobalt  fiir  » 
stance,  for  a  blue  colour,  oxide  of  copper  for  green,  peroxide  of 
manganese  for  purple,  and  peroxide  of  uranium  for  a  deliato 
lemon  yellow  tint.  Arsenious  acid  and  peroxide  of  tin  render 
glass  white  and  opaque,  like  enamel.  In  stained  glass,  on  As 
other  hand,  the  metallic  oxides  are  merely  applied  mth  proper 
fluxes  to  the  surface  of  the  glass,  which  is  then  exposed  in  m 
oven  to  a  temperature  sufficient  to  fuse  the  colouring  mattVi 
Different  shades  of  yellow  and  orange  are  thus  produced  liy 
means  of  oxide  of  silver,  and  a  superb  ruby  red  by  a  propCTi 
but  difficult,  application  of  suboxide  of  copper. 

Silicates  of  potash  and  lead, — These  substances  enter  intotfaa 
composition  of  the  purer  and  more  brilliant  species  of  glass  in 
use  in  this  country,  such  as  that  called  crystal,  of  which  mort 
drinking  vessels  are  made,  flint-glass  for  optical  purposes,  and 
strass,  which  is  employed  in  imitations  of  the  precious  stones. 
For  crystal,  the  materials  are  taken  in  the  following  proportions* 
120  parts  of  fine  sand,  about  40  of  purified  potashes,  35  rf 
litharge  or  minium,  and  12  of  nitre.  In  this  glass,  the  oxygen 
of  tlic  bases  is  to  that  of  the  silica,  as  1  to  a  number  vbidi 
may  vary  from  7  to  9,  and  the  oxygen  of  the  potash  is  to  that 
of  the  oxide  of  lead,  as  1  to  a  number  varying  from  1  to  iJ^* 
In  flint-glass  and  in  strass,  the  oxygen  of  the  bases  is  to  that 
of  the  silica  as  1  to  4,  and  the  oxygen  of  the  potash  is  to  that  of 
the  oxide  of  lead  as  2  to  .S  in  flint-glass,  and  as  1  to  3  in  stress, 
(Dumas).  The  more  oxide  of  lead  glass  contains,  the  higher 
its  density  ;  the  density  of  this  kind  of  glass  exceeding  3.6, 
while  that  of  the  Bohemian  glass  does  not  rise  higher  than  -'.4. 
Glass  containing  oxide  of  lead  is  recommended  by  its  greater 
fuiiibility  and  softness,  by  which  it  is  niiirc  easily  fashioned  into 
various  form.;,  and  by  its  irreat  brilliancy,  which  is  remarkable 
in  lustres  and  other  objects  of  cut  glass.     The  presence  of  lead 
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( is  at  once  discovered  by  its  surface  acquiring  a  metallic 
I  when  heated  to  redness  in  the  reducing  flame. 
Sheaies   of  ahmunoy  of  the  oxides  of  iron^  magneria^  and 
fU&Mh  or  «<Mbr.^-Oreen  or  bottle  glass,  of  which  wine-botdes, 
OtfboyBy  and  glass  articles  of  low  price  consist,  is  a  mixture  of 
these  silicates.     It  is  formed  of  the  cheapest  materials,  such  as 
and,  with  soap-makers'  waste,  lime  that  has  }>een  used  to  render 
alkali  caustic,  &&     In  the  bottle-glass  of  this  country  the  small 
fiantity  of  alkali  is  chiefly  soda.     The  alkaline  sulphates  when 
fined  with  silica  and  carbonaceous  matter,  lose  their  sulphuric 
lei^  and  become  silicates ;  even  common  salt  is  decomposed  by 
the  united  action  of  silica  and  the  aqueous  vapour  in  flame,  but 
mich  of  it  is  lost  from  its  own  volatility.    The  proportion  of 
■lica  to  the  bases  is  much  less  in  this  than  in  the  other  khids  of 
^bssy  the  oxygen  of  the  former  being  to  the  latter  as  2  to  1 ;  and 
be  oxygen  of  the  alumina  and  peroxide  of  iron  equal  to  that  of 
the  potash  and  lime.    This  glass  is  in  fact  a  mixture  of  neutral 
nd  subsilicates,  and  is  more  apt  than  any  of  the  preceding  spe- 
cies to  assume  a  crystalline  structure  when  maintained  long  in 
I  soft  condition  by  heat.     A  bottle  of  green  glass  may  be  devi- 
lifiedy  or  converted  into  what  is  called  lieaumur's  porcelain,  by 
iiiyeloping  it  in  sand,  and  placing  it  where  its  temperature  is 
cept  high  for  several  weeks,  as  in  a  brick  kiln  or  porcelain  fur- 
Moe.     It  has  been  supposed  that  the  glass  losi's  its  alkali  in 
hese  circumstances,  and  is  thus  more  easily  (Tystallized,  but  the 
HToportion  of  alkali  is  found  uudiminislicd  siftor  the  cliange. 
Slass  of  all  kinds,    however,    when  strongly    and    reiK^atedly 
leated  loses  alkali,  from  its  volatility ;  tlie  glass  then  becomes 
larder  and  less  fusible,  and  is  not  so  easily  wrought,  a  circum- 
tanoe  which  may  sometimes  be  remarked  in  blowing  a  bulb 
prai  a  tube  which  has  been  too  long  exposed  to  the  blow-pii)e 
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LITHIUM. 

Eq.     80.33  or  6.4  I ;  L. 

Idtfaium  is  the  metallic  basis  of  a  rare  alkaline  oxide  lithia 
acovered  in   1818  by  Arfwedson*.    The  name  lithia  (from 

•  Ad.  de  Ch.  et  de  Th.  L  10. 
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\i0eiof^  stonyO  was  applied  to  it,  from  its  having  been  fint 
derived  from  an  earthy  mineral.  The  metal  was  obtuned  by 
Davy  by  the  voltaic  decomposition  of  lithia,  and  observed  to  be 
white,  resembling  sodium,  and  to  be  highly  oxidable.  The 
equivalent  of  lithium  is  much  smaller  than  that  of  any  othci 
metal,  and  its  oxide  has  therefore  a  high  saturating  power. 

IMhia;  LO. — ^The  only  known  oxide  of  lithium  is  a  pro- 
toxide. It  exists  in  small  quantities  in  the  minerals  spodumeiie,or 
triphane,  petalite,  and  lepidolite,  of  which  the  latter  can  be  pro- 
cured in  largest  quantity.  The  separation  of  lithia  firomtliii 
mineral  rests  upon  its  decomposition  by  means  of  lime  at  s 
high  temperature,  and  the  formation  of  silicate  of  lime.  By  a 
protracted  digestion  of  the  ignited  mass  in  boiling  lime-watori 
the  liberation  of  the  lithia  is  completed,  and  it  dissolves  in  Ait 
liquid.  The  oxides  in  solution  are  converted  into  chlorides,  by 
the  addition  of  hydrochloric  acid,  and  must  be  submitted  to 
several  additional  operations  to  separate  iron,  lime,  and  potash, 
llie  chloride  of  lithium  is  finally  taken  up  by  absolute  alooho^ 
in  which  the  chloride  of  potassium  is  not  soluble.  For  the  n^ 
cessary  directions  for  conducting  this  difficult  process,  I  mint 
refer  to  Berzelius. — (Trait^,  Lip.  303.) 

The  hydrate  of  lithia  resembles  hydrate  of  potash  in  caoiti- 
city,  but  is  less  soluble  in  water,  and  loses  its  combined  water 
at  an  elevated  temperature.  Sulphur  acts  upon  it  in  the  same 
manner  as  upon  potash. 

Tlie  chloride  is  very  soluble  in  water,  as  well  as  in  absolute 
alcohol,  and  fuses  at  a  high  temperature. 

Tlie  carbonate  of  lithia  has  a  certain  degree  of  solubility,  and 
its  solution  has  an  alkaline  reaction,  properties  upon  which  the 
claim  of  lithia  to  be  ranked  among  Uic  alkalies,  instead  of  the 
alkaUne  earths,  is  chiefly  rested.  The  fluoride  of  lithium  bu 
the  sparing  solubility  of  the  carbonate. 

The  sulphate  of  lithia  is  soluble,  and  presents  itself  in  fine 
crystals,  which  are  persistent  in  air.  The  nitrate  and  acetate 
?ire  both  very  soluble  and  deliquescent. 

The  neutral  phosphate  of  lithia  is  slightly  soluble  in  water,  but 
considerably  more  so  than  the  double  phosphate  of  hthia  and 
soda,  which  remains  as  jin  insoluble  powder  when  the  solution 
of  lithia  is  evaporated  to  dryness  with  that  of  phosphate  of  soda. 
Hence  phosphate  of  soda  is  used  as  a  test  of  lithia.  The  salts 
of  lithia  arc  also  recognised,  when  licated  on  platinum  wire 
before  tJic  blow-pipc,  by  \\av^vt\^^V\\c  '^vwwvj  v^K  ;>.  \qvI  vcilour. 
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ORDER  II. 

MRTALUC  BASES  OP  THK  ALKAUNE   EARTHS. 

SBCTION    IV. 

BARIUM. 

Eq.    856.9  or  68.66 ;  Ba. 

iimiy  the  metallic  basis  of  barytes,  was  obtained  by  Davy 
18,  by  the  voltaic  decomposition  of  moistened  carbonate  of 
» in  contact  with  mercury;  it  may  likewise  l>e  procured  by 
ig  potassium  in  vapour  over  barytes  heated  to  redness  in  an 
iibe^  and  afterwards  withdrawing  the  reduced  barium,  which 
sidae  contains,  by  means  of  mercury.  The  latter  metal  is 
kted  by  distillation  in  a  retort,  care  being  taken  not  to  raise 
xmperature  to  redness,  for  then  the  barium  decomposes 
Barium  is  a  white  metal  like  silver,  fusible  under  a  red 
lenser  than  oil  of  vitriol  in  whicii  it  sinks.  It  oxidates 
ivadty  in  water,  disengages  hydrogen,  and  is  converted 
larytes.  It  is  named  barium  (from  /3apvr,  heavy),  in  allu- 
)  tlie  great  density  of  its  compounds, 
y/ef :  fiaO;  95GA)  or  76.66. — ^This  earth  exists  in  several 
als,  of  which  tlie  most  abundant  arc  sulphate  of  barytes 
^vy  spar^  and  die  carbonate  of  barytes  or  withcrite.  The 
is  obtained  in  the  anhydrous  condition  and  pure,  by  cal- 
;  nitrate  of  barytes,  at  a  bright  red  heat,  in  a  porcelain 
I  or  in  a  well  covered  crucible  of  porcelain  or  silver,  but 
*  platinum.  If  the  calcination  is  not  carried  suiHciently 
combination  remains  of  barytes  and  nitrous  oxide  (Uerze- 
which  has  been  mistaken  for  peroxide  of  barium.  The 
:  of  barytes  also  may  be  calcined  in  a  porcelain  retort,  for 
ss;  it  is,  I  find,  more  easily  decomposed  than  the  nitrate, 
u  not  the  troublesome  property  of  fusing  and  swelling  up, 
heated,  which  the  latter  salt  possesses.  The  iodine  comes 
rith  oxygen,  and  may  be  recovered.  lodate  of  barytes 
IB  obtained,  as  an  insoluble  precipitate,  on  adding  chloride 
riorn  to  iodate  of  soda  (page  390).  Barytes  is  a  grey 
»-,  of  which  the  density  is  about  4.  When  heated  to 
ss  in  a  porcelain  tube,  and  oxygen  passed  over  it,  it  ab- 
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sorbs  thnt  gas  with  avidity,  and  becomes  peroxide  of  barium,  tlte 
oompound  for  the  preparation  of  which  anhydrous  barytes  ii 
chie6y  required.  This  earth  slakes  and  falls  to  powder,  wlien 
water  is  thrown  upon  it,  combining  with  one  equivalent  of  mAtt 
with  the  evolution  of  much  heat* 

Hydrate  of  Imrytes  is  a  valuable  reagent-    Of  the  diffcn 
processes  for  this  substance,  one  of  the  most  convenient  i«  1 
from  the  native  milphate*     This  is  a  soft  mineral  and  cftsS 
duced  to  an  impalpable  powder^  which  is  intimately  mixed  ' 
I -3rd  of  it45  weight  of  coal-dust,  or  coal  pounded  and  sifted  ; ' 
mixture  is  introduced  into  a  comish  crucible,  and  expo^d  \ 
furnace  to  a  bright  red  heat  for  an  hour.     The  sulphate  is 
verted  by  this  treatment  into  sulphuret  of  l>arium  ;  the  last  i 
is  dissolved  out  of  the  black  residuary  mass,  by  boiling  witer/ 
and  the  solution,  which  generally  has  a  yellowish 
sometimes  colourless,  is  filtered  while  still  ho t^     Tin 
if  strong,  may  crystallize  on  cooling,  in  thin  plates.     As  it  i 
absorbs  oxygen  from  the  air,  and  returns  to  the  state  of  i 
phate  of  bar}'tes,  it  must  not  be  exposed  long  in  open 
To  a  boiling  solution  of  sulphuret  of  barium  in  a  flask,  bM 
oxide  of  copper  from  the  nitrate  is  added,  in  successive 
portion*:,  till  a  drop  of    the   liquid    ceases   to    blacken  i 
lution   of  lead,  and  precipitates  it  entirely  white;    the  liq 
then  contains  only  hydrate  of  barytes  in  solution.     It  may! 
mediately  he  filtered,  with  little  access  of  air,  as  it  absorb* 
bonic  acid.     The  decomposition  in  this  process,  for  which  ^ 
are  indebted  to  Dr.  Mohr  of  Coblentz,  is  rather  complin 
Six  eq.  of  sulphuret  of  barium  and  8  of  oxide  of  copper  pr 
ing  5  of  barytes,   1  of  hyposulphite  of  barytes,  and  4  of  sob«ti^ 
phuret  of  copper: 

6  BaS  and  8CuO=5BaO  and  BaO,  S^O^  and  4  CujS, 

Peroxide  of  manganese  may  be  substituted  in  this  procesaj 
oxide  of  copper,  but  generally  gives  a  solution  of  barytes  »• ' 
loured  by  some  impurity.    The  reaction  is  then  similar^ ; 

6Ba  S  and  4Mn  02=5BaO  and  BaO,  S^Oj  and  AUnS.i 
If  the  solution  of  sulphuret  of  barium  has  been   caneent 
the  greater  part  of  the  hydrate  of  barbies  separates 
in  vuluminonH  and    transparent   crystals.     It  is  solu->»^ 
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pirts  of  boiling  water,  and  in  20  parts  of  water  at  60*.  Mr. 
.Smith  finds  this  hydrate  to  contain  9HOy  of  which  it  loses  7*  by 
a  moderate  heat,  and  1  additional,  by  a  stronger  heat.  Bary tes 
ntaina  1  eq.  of  water  with  great  force  like  the  fixed  alkalies. 
This  combination  is  fiisible  a  little  below  redness,  and  runs  like 
■n  oil ;  it  congeals  into  a  crystalline  mass,  which  attracts  car- 
koDic  acid  very  slowly  from  air,  and  is  therefore  the  most  hr 
voorable  condition  in  which  to  preserve  hydrate  of  barytes. 

Hie  solution  of  barytes  is  strongly  caustic,  although  less  so 
Aan  potash  or  soda;  and,  in  common  with  all  the  soluble  pre- 
jWBtions  of  barium,  it  is  poisonous.  It  is  used  to  remove  car- 
bonic acid  from  air  and  other  gase^  (P^gc  2H0).  Barytes, 
^letfaer  free  or  in  combination  with  an  acid,  as  a  soluble  salt, 
k  discovered  by  means  of  sulphuric  acid,  which  throws  down 
jMdphate  of  barytes,  a  compound  not  decomposed  by,  nor  solu- 
ble in,  nitric  and  hydrochloric  acids. 

Perojnde  of  barium;  BaO,;  1056.9  or  81.(>9. — ^This  com- 
pound is  prepared  by  exposing  anhydrous  barytes  to  pure 
OK]^;en  at  a  red  heat ;  or  by  heating  pure  barytes  to  low  red- 
iSSB  in  a  porcelain  crucible,  and  then  gradually  adding  chlorate 
tf  potash,  in  the  ratio  of  about  I  part  of  the  latter  to  4  of  the 
farmer.  The  chloride  of  potassium  is  removed,  by  cold  water, 
fimn  tlie  peroxide  of  barium  formed  at  the  same  time,  while 
fte  latter  forms  a  hydrate  with  fiHO  (Licbig  and  Wohler.) 
Peroxide  of  barium,  when  decomposed  by  dilute  acids  with 
proper  precautions,  affords  peroxide  of  h  yd  rotten. 

CUoride  of  barium;  BaCl  +  2HO;  1299.6  +  225,  or 
104.83  + 1 8. — A  re-agent  of  constant  use,  which  is  obtained  by 
disscdving  native  carbonate  of  barytes  in  pure  hydrochloric  acid 
diluted  with  3  or  4  times  its  bulk  of  water,  or  by  neutralising 
sniphuret  of  barium  by  the  same  acid.  It  crystallizes  from 
a  concentrated  solution  in  flat  four-sided  tables,  bevelled  at  the 
edges,  very  like  crystals  of  heavy  spar.  Tlic  crysUils  contain  2  cq. 
of  water,  (14.75  per  cent),  which  they  lose  below  212^.  They  are 
said  to  be  soluble  in  100  parts  of  anliydrous  alcohol :  100  parts 
of  water  dissolve  43.5  at  60",  and  78  at  222^  which  is  thcboiUng 
point  of  the  solution. 

CarboMte  of  barytes :  Ba  O,  CO,;  1233.3,  or  98.83.— This 
salt  consists  in  100  parts  of  22.41  carbonic  acid,  and  77*^^  ba- 
rytes. The  density  of  the  native  carbonate  is  4.331.  It  re- 
tains   its  carbonic  acid  at  the  highest    temperatures.     The 
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precipitated  carbonate  loses  its  carbonic  when  calciined  at  a 
white  heat,  in  contact  with  carbonaceous  matter.  It  is  obtemel 
in  greater  purity  when  precipitated  by  the  carbonate  of  ammooi^  < 
than  by  the  carbonate  of  potash  or  soda,  portions  of  which  tm  \ 
apt  to  go  down  in  combination  with  carbonate  of  barytas.   Al>  \ 
though  reputed  an  insoluble  salt,  carbonate  of  barytes  is  solabls  : 
in   2300  parts  of  boiling  water,   and  in  4S00  parts  of  oold 
water.     It  is  still  more  soluble  in  water  containing  caibonie 
acid,  and  is  highly  poisonous.    The  predpitated  carbonate  of 
barytes  is  employed  in  the  analysis  of  siliceous  minerals,  oon* 
taining  an  alkali,  which  are  not  soluble  in  an  acid.  The  minenJ^   : 
in  the  state  of  an  impalpable  powder,  is  intimately  mixed  with 
4  or  5  times  its  weight  of  this  carbonate,  and  exposed  in  a  php 
tinum  crucible  to  a  white  heat,  which  occasions  a  semi-fuMl 
of  the  mixture  and  the  decomposition  of  the  silicates;  Ikl 
mineral  afterwards  dissolving  entirely  in  an  acid,  with  the  Of 
caption  of  its  silica. 

Sulphate  of  barytes ;  Ba  O,  SO3 ;  1458,  or  1 19.56.— This  sdl 
consists,  in  100  parts,  of  34.37  sulphuric  acid  and  65.63  barytes^ 
The  density  of  heavy  spar,  or  the  native  sulphate,  varies  from  4  It 
4.4/-  It  occurs  in  considerable  quantities,  in  trap  and  other ig^ 
neous  rocks,  forming  often  veins  of  several  feet  in  thickness,  and 
miles  in  extent.  It  is  mined  for  the  purpose  of  being  substituted 
for  carbonate  of  lead,  or  being  mixed  with  that  substance,  whea 
used  as  a  pigment.  When  chloride  of  barium  is  added  to  sul- 
phuric acid,  or  to  a  soluble  sulphate,  at  the  boiling  tempcratuny 
sulphate  of  bar}'tes  precipitates  readily,  in  a  dense  crystal- 
line powder,  which  may  easily  be  washed  and  collected  od  a 
filter.  It  is  completely  insoluble  in  water  and  dilute  acids i 
but  is  soluble  in  concentrated  and  boiling  sulphuric  acid,  froA 
which  it  crystallizes  on  cooling.  Precipitated  sulphate  of  ba- 
rytes is  partially  decomposed  in  a  concentrated  and  boiliiV 
solution  of  carbonate  of  potash  or  soda,  and  carbonate  of  baryfiei 
formed. 

Nitrate  of  barytes;  Ba  O,  NO5  ;  1633.9,  or  130.93-— TWi 
salt  crystallizes  in  fine  transparent  octohedrons,  which  are  an- 
hydrous. It  is  obtained  by  dissolving  carl)onate  of  barytes  in 
nitric  acid,  diluted  with  8  or  10  times  its  weight  of  water,  or 
by  mixing  the  acid,  also  in  a  diluted  state,  with  the  solution  of 
.sulj)huret  of  barium.  It  requires  12  pvirts  of  water  at  60^,  and 
.i  or  4  of  boiling  water  for  solution ;  it  is  insoluble  in  alcohol. 
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itnte  of  boiytea  is  employed  as  a  re-agent,  and  also  in 

ing  pare  barjrtes, 

chknrale  and  hyposulphate  of  barytes  are  soluble,  the 
ralpliite^  hyposulphite  and  phosphates  of  barytes,  in- 
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STRONTIUM. 

Eg.  547 ^y  or  43.85;  Sr. 

fitium  is  prepared  in  the  same  way  as  barium,  which  it 
'  leaembles.     It  is  a  white  metal,  denser  than  oil  of 
It  derives  its  name  from  Strontian,  a  mining  village  in 
•hire. 

mtiany  Sirontia^  or  Sironiites;  Sr  O;  647.3,  or  51.85. — 
itive  carbonate  of  strontian  was  first  distinguished  from 
ate  of  barytes  by  Dr.  Crawford,  in  1 790,  who  conceived  the 
at  the  former  mineral  might  contain  a  new  earth.  This 
tere  was  verified  in  1/93,  by  Dr.  Hoi>e;*  and  much 
the  same  time  also  by  Klaproth.  T\\e  eartli,  strontian, 
Eirytes  what  soda  is  to  i)otash.  It  occurs  in  nature  as 
ate  and  sulphate,  but  not  abundantly.  Strontian  may 
pared  by  a  strong  calcination  of  the  native  carbonate  in 
:  with  carbon.  It  is  lighter  than  barytes,  and  has  a  taste 
ia  less  acrid  and  caustic,  but  stronger  than  that  of  lime. 
lid  not  to  be  poisonous.  The  hydrate  cr}'stallis&es  with 
but  retains  only  one  equivalent  at  212'  (Mr.  Smith.) 
Mt  hydrate  enters  into  fusion  at  a  very  high  temperature, 
t  losing  its  combined  water.  The  pure  earth,  like  ba- 
m  infusible.  The  crystallized  hydrate  requires  52  parts 
sr  to  dissolve  it  at  ()0^  but  only  twice  its  weight  at  212^ 
soluble  salts  of  strontian  are  prepared  from  the  car- 
.  They  are  precipitated  by  sulphuric  acid  and  by  soluble 
tea,  but  not  so  completely  as  the  salts  of  barytes,  the 
be  of  strontian  having  a  small  degree  of  sulu])i]ity.  Hence, 
lulphate  of  soda  is  added  in  excess  to  a  salt  of  strontian, 
e  precipitate  separated  by  filtration,  so  much  sulphate  of 

*  Edinburgh  TranfacUoiis,  iv,  14. 
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strontiaii  remains  in  solution,  that  the  liquid  yields  a  white 
precipitate  with  carbonate  of  soda  (Dr.  Turner,)  Xf  ost  of  tbi 
salts  of  strontian,  when  heated  on  platinum  wire  before  tbe 
blow-pipe,  communicate  a  red  colour  to  the  flame.  Bar 
and  strontian  in  solution,  may  be  separated  by  hydrotlno 
acid,  which  precipitates  barytcs,  but  forms  with  stro 
salt  very  soluble  in  a  slight  excess  of  acid.  Hyj>osulji 
strontian  being  soluble,  while  hyposulphite  of  barytes  111 
soluble,  these  earths  may  also  be  separated  by  means  of  by 
sulphite  of  soda. 

Peroxide   qf  stroniium^    obtained   by  Thenard   in   br 
crystalline  scales,  on  adding  i>eroxide  of  hydrogen  to  a  sola 
of  strontian.     It  contains  two  eq.  of  oxygen* 

Chloride  of  strontium  crystallizes  in  slender  prisms, 
contain  9 HO,  and  are  slightly  deliquescent.    This  salt  is  sotuN 
in  three-fourths  of  its  weight  of  cold  water,  and  in  all  prop 
tions  in  boiling  water.     At  the  ordinary  temperature,  it 
solves  in   24  parts  of  anhydrous  alcohol,  and   in   19  parts  ^ 
boiUng   alcohuL     In  this  respect,  it  differs   from  chloride 
barium,  which  is  insoluble  in  alcohol.     Chloride  of  strouUu 
communicates  to  flame  a  fine  red  tint.     In  the  anhydrous 
ditjon,  this  chloride  absorbs  4  eq.  of  ammonia,  and  become 
white  bulky  powder. 

Carbonate  of  strontian  forms  the  mineral  stroniianile^  wM 
generally  has  a  fibrous  texture,  and  is  sometimes  transparent  mi 
colourless,  but  generally  has  a  tinge  of  yellow  or  green.  Its  dc»* 
sity  varies  from  3.4  to  3.7^^'  This  salt  is  said  to  be  soluble  ia 
1536  parts  of  boiling  water.  It  is  more  soluble  in  water  co!b, 
taining  carbonic  acid,  and  occurs  in  some  mineral  waters, 
retains  it^i  carbonic  acid  when  calcined. 

Sulphate  of  strontian  is  known  as  celesttne^  and  ocea 
regular   crystals    of  the   same   form   as  sulphate  of    ba 
Its  density  is  about  3.811.     It  is  not  sensibly  soluble  in 
water,  but  is  said  to  be  soluble  in  3840  times  its  weight  < 
ing  water.     This  mineral  is  found  in  considerable  qi 
sociated  with  volcanic  sulphur,  and  in  other  formation^ 
various  comjKiunds  of  strontium  may  be  prepared  from  it, 
cisely  in  the  same  manner  as  those  of  barium  from  llie  sulpbali 
of  barytcs. 

Ihjposulphiie  of  strontian  is  crystal! izable,  and   soloble  in*  I 
parts  of  cold,  and   1}  parta  of  boiling  water.     If  loses  51  pcf 


cent  of  water  of  ci^stallization  betv^een  122^  and  H(f,  without 

•'  of  stroniian  generally  crystallizes  in  octohedrons, 
II  are  anhydrous,  but  it  may  be  obtained  at  a  low  tempe- 
.-.„;e  in  crystals  of  another  form,  which  contain  5 HO.  The 
wiLydroas  salt  dissolves  in  5  parts  of  cold  water,  and  in  |  part 
of  boiling  waten  A  deflagrating  mixture,  which  produces  an  in- 
f*^iiKrf*|y  red  illumination,  is  formed  of  40  parts  of  nitrate  of 
tian,  13  parts  of  flo\<rers  of  sulphur,  5  parts  of  chlorate  of 
p(»lftsfa,&nd  4  parts  ofsulphuret  of  antimony. 

Tl>e  salts  of  barytea,  stroutian  and  lead  are  strictly  isomor- 
s,  and  greatly  resemble  each  other  in  solubiUty  and  other 
{nupeities. 
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Eq,  256,  or  20.52 ;  Ca. 

Davy  obtained  e\ndence  of  the  existence  of  this  metal,  and  of 
its  analogy  to  the  preceding  metals*  It  is  the  basis  of  lime. 
the  name  applied  to  it  is  derived  from  calx. 

JAme;  Ca  0|356,  ar  28.52, — Uncomhined  lime,  or  quicklime, 
liit  is  tenned  in  the  arts,  is  obtained  by  heatins^  masses  of  lime- 
filone  (carbonate  of  hme)  to  rednessin  a  lioie*kiln,or  open  fire.  The 
escape  of  the  carbonic  acid  is  favoured  by  the  presence  of  the 
aqueous  vapour  and  gases  of  the  fire,  into  which  that  gas  can  dif- 
fitse  (page  187),  In  a  covered  crucible,  carbonate  of  lime  may  be 
fiksed  by  heat  without  decomposition.  The  lime  remains  in  porous 
mtsses,  which  may  easily  be  separated  from  the  ashes  of  the  fuel, 
and  are  <vufRciently  hard  to  be  transported  from  place  to  place 
^  to  pieces.  Although  these  masses  appear  light,  the 
1  tune  is  not  less  than  2.3,  or  even  3.08,  according  to 
ill  Dumas.  Water  thrown  upon  them,  is  first  imbibed, 
nd  at'terwards  combines  with  the  lirae,  which  falls  to  powder 
in  tbe  ^tate  of  hydrate,  and  is  then  said  to  be  slaked.  In  this 
tQmbifiation^  the  temperature  rises  sufficiently  high  to  char 
■fed  kindle  wood  ;  but  the  hydrate  is  decomposed,  and  lime  is 
Blade  anhydrous  by  a  red  heat.  From  its  affinity  for  water, 
quicklime  is  applied  to  deprive  certain  liquids^  such  as  alcohol, 
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of  the  water  tbejr  contain.     It  is  obtained  in  a  tnittable  ^te  d  ^ 
diyision   for  that   purpuse^  by  submitting  to  caldnntioti 
crucible  the  hydrate  of  lime  itself,  or  by  calcining 
hydrate  mixed  with  3  of  pulverulent  chaik*     For  pufc  bm^^ 
crystallized  carbonate  should  be  calcined,  such   as 
spar,  or  Carrara  marble.     Lime,  in  common   with  other 
sible  earths,  phosphoresces  strongly  when  heated   to  full 
ness. 

The  hydrate  of  lime  contains  1  eq.  of  vmtcr^  which  it 
at  a  low  red  heat.     It  is  sparingly  soluble  in   water,  but 
soluble  in  cold  than  in  hot  water.     According  to  Dalton^ 
water  formed  at  6Cf,  130"  and  212",  contains  1  grain  of 
778?  97iS  and  1:?7^  grains  of  water.     Hence,  water  sat 
in  the  cold,  deposits  hydrate  of  lime,  when  boiled.     By 
rating  the  solution  in  vacuo,  Gray-Lussac  obtained  hydr 
lime  in  small  transparent  crystals  of  the  hexaliedral  form. 
milk  or  cream  of  lime  is  merely  the  hydrate  diffused  tli 
water.     Lime-water  has  a  harsh  acrid  taste,  is  alkaline, 
a  certain  extent,  caustic.  It  precipitates  carbonic,  silicii^  1 
and  phosphoric  acids  from  solutions  of  their  alkaline  saltt.^ 
dis^>lves   oxide    of  lead.     Lime-water  absorbs   carbonic 
rapidly  from  the  air,  and  becomes  covered  by  a  pellicle  of  ( 
bonate  of  lime.     Hydrate  of  lime  has  the  same  proi^erty, 
aorbing  about  half  an  equivalent  of  carbonic  aeid  with  arid 
but  not  acquiring  quite  so  much  as  three*fourths  of  an 
valent  by  2  or  3  weeks'  exposure  to  an  atmosphere  of  tha 
Fuchs  observes,  that  when  hydrate  of  lime  is  exposed  tH^ 
it  absorbs  only  half  an  equiralent  of  carbonic  acid;  and  ai 
finite  compound  of  hydrate  and  carbonate  is  formed.     In 
anhydrous   condition,    lime   exhibits   no   affinity   for 
acid. 

Lime  is  characterized  by    affording  a   bulky    prcciptt 
sul|>hate  of  lime,  when   sulphuric  acid  is  added   to  its 
aalts.     But  as  the  sulphate  of  hme  has  a  certain  degree  0f  j 
lubility,  tins  precipitate  does  not  appear  in  very  cKhlte  j 
of  these  salts,  nor  in  lime-water,  a  property  by  wliidi  I 
be  distinguished  firom  barytes  and  strontian*     Sulphate  of 
may  also,  when  sejiarated,  be  re-dissobed  by  the  add 
nitric  acid.     Lime  is  entirely  precipitated  ftom  neutral  aoli 
by  oxalate  of  ammonia,  the  oxalate  of  lime  being 
insoluble.     In  the  quanttlattre  estimation   of  Ihb  Mrtli» 
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Ifarofoie  generally  thrown  down  as  oxalate,  and  afterwards  ob* 
Ined  as  carbonate  of  lime,  by  heating  the  oxalate  nearly  to 
-  lidiiess  in  a  platinum  crucible,  in  which  a  small  fra^^ent  of 
i-Hiionate  of  ammonia  is  dissipated  at  the  same  time,  to  prevent 
jsiy  Kme  becoming  caustic  by  loss  of  carbonic  acid. 
I    lime  is  applied  to  a  variety  of  useful  purposes  in  ordinary 
and  in  the  arts^  of  which  the  most  important  arc  its  appli- 
as  mortar  and  as  a  manure  for  land.     In  the  last,  lime 
not  act  as  an  aliment  of  plants,  but  is  useful  in  accelerating 
decomposition  of  the  insoluble  organic  matter  which  soil 
and  thereby  rendering  it  capable  of  sustaining  vcge- 
life.     Hence,  the  extraordinary  fertility  which  lime  deve- 
in  soils  containing  peaty  matter.     In  the  formation  of 
'y  the  hydrate  of  lime  is  mixed  with  2  parts  of  coarse,  or 
I  parti  of  fine  sand,  and  made  into  a  paste  with  water.     In 
Idding,  a  stone  is  laid  upon  a  bed  of  this  paste,  which  it 
WMimiiiiB  by  its   weight,  imbibing  moisture   also  from   the 
'ttofftar,  which  escapes  principally  tlut>ugh  the  porous  stone. 
Ai  drying,  the  mortar  binds  the  stones  between  which  it  is 
!,  and  its  own  particles  cohere  so  as  to  form  a  hard 
'Mm,  solely  by  the  attraction  of  aggregation,  for  no  chemical 
lUnation  tidces  place  between  the  lime  and  ssind,  and  the 
are  simply  united  as  two  pieces  of  wood  arc  by  glue- 
sand  is  useful  in  rendering  insignificant  by  its  mass  the 
Mtraction  of  the  mortar  on  drying,  and  also,  from  the  large 
Am  of  its  grains,  in  rendering  the  dry  mortar  less  short  and 
iidUe.    The  mortar  is  subject  to  an  ulterior  clmn^e,  from  the 
dsvr  absorption  of  carbonic  acid,  but  even  in  the  oldest  mortar, 
Ai  conversion  of  the  hydrate  of  lime  into  carbonate  is  never 
ttnplete. 

Some  limestones,  containing  about  20  per  cent  of  clay  or 
■Koite  of  alumina,  afford  lime  which  possesses  a  valuable  pro- 
[iMy,  that  of  forming  with  water  a  mass  which  becomes  solid 
'  il  m  few  minutes,  and  therefore  hardens  in  structures  covered 
kf  water.  An  excellent  hydraulic  mortar  of  this  kind  is  ob- 
from  concretionary  masses  found  in  niarle,  and  also 
blocks  in  the  bed  of  the  Thames.  This  lime  being 
groond  and  sifted,  when  mixed  with  water  to  form  a 
lets  as  quickly  as  Paris  plaster ;  its  solidity  increases  with 
Ike  time  it  has  been  submerged,  and  it  ends  by  acquiring  the 
haidnesa  of  limestone*    Sand  is  added  to  it  when  it  is  used 


of  Hme  puzzolano  ground  to  fine  powder.  The  latter 
stance  of  volcanic  origin^  composed  principally  of  ] 
which  a  stratum  is  excavated  in  the  neighbourhood  ol 
near  Naples.  The  mortar  which  it  makes  with  lim< 
tained  the  name  of  Roman  cement. 

The  hydrate  of  peroxide  of  calcium  precipitates  i 
lime-water,  drop  by  drop,  to  a  solution  of  perojide  of 
It  contains,  according  to  Thenard,  2  eq.  of  oxygen. 

The  protosulphuret  of  calcium  is  procured  by  do 
sulphate  of  lime  at  a  red  heat,  by  hydrogen  or  charoo 
newly  prepared^  it  phosphoresces  in  the  dark.  It  is 
soluble  in  water.  When  hydrate  of  lime  is  boiled  wil 
and  water,  and  the  liquor  allowed  to  cool  before  i 
pletely  saturated  with  sulphur^  yellow  crystals  separa; 
which  are  a  bisulphuret  of  calctum,  combined  witii 
cording  to  the  observations  of  Herschel.  When  Iim< 
tosulphuret  of  calcium  is  boiled  with  excess  of  a 
dissolves  sulphur  till  vl  pentasvlphuret  of  calcium  is  fbrn 
resembles  in  properties  the  corresponding  degree  of  aul 
of  potassium. 

Phosphuret  of  calcium. — Small  fragments  of  quicldi 
heated  to  redness^  by  a  spirit  lamp,  in  a  small  mattn 
long  neck,  and  fragments  of  phosphorus  dropt  into 
vessel,  a  mixture  is  ubtaiiied  of  phosphate  of  lime  i 
phuret  of  calcium.     The   compound  has  a  chocola 
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itsidae  in  several  processes;  a  concentrated  solution  aflfurds 
oysUls  in  large  striated  four-sided  prisms,  which  contain  fi  eq.  ot' 
vater.  Dried  with  stirring,  at  3(KJ",  it  affunls  a  crystalline  pow- 
^Oj  contaioing  2  eq.  water,  which  produces  an  intense  degree  ot' 
sold  vriien  mixed  with  snow  (page  44.)  The  crystals  are  very 
lobible  and  exceedingly  deliquescent.  The  salt  is  made  anhydrous 
hj  beat,  and  undergoes  the  igneous  fusion  at  a  rf*d  heat.  The 
iquid  chloride  is  poured  upon  a  slab,  and  the  transparent  cake 
9f  flolid  salt  immediately  broken  into  pieces,  and  preserved  in 
aslopt  bottle.  It  is  much  employed,  from  its  great  affinity  for 
ptter,  to  dry  gases  and  absorb  moisture.  Chloride  of  calcium 
liirays  acquires  by  fusion  a  slight  but  sensible  alkaline  reaction, 
ffom  partial  decomposition ;  on  which  account  Licbig  prefers 
fte  salt  strongly  dried,  but  not  fused,  as  the  hy^rometric  agent 
is  oigfinic  analysis.  Ten  parts  of  anhydrous  aU*ohul  dissolve  7 
(pf  chloride  of  calcium,  at  the  boiling  point,  and  the  solution, 
ia  cold  weatiier,  affords  crystals  in  rectangular  scaler,  which 
jprnan  alcoatc,  coTitaining  about  GO  per  cent  of  alcohol,  instead 
iC.  ivater  of  crystiillization.  Anhydrous  chloride  of  calcium 
jHptwise  absorbs  4  equivalents  of  ammoniacal  ^as. 
V  A  iolution  of  chloride  of  calcium  when  boiled  with  hydrate 
^Hme  dissolves  that  substance,  and  the  solution  tilterod  hot, 
.^epoaits  long  flat  and  thin  crj'stids,  which  contain  49  jier  cent 
if  water.  The  empirical  formula  of  this  salt  is  Ca  CI  +  3Ca  O  + 
ISHO.  ITie  salt  is  decomposed  by  water  and  alcohol. 
■  A  compound  of  chloride  of  calcium  with  ojcalate  nf  l'nm\  cou- 
tttning  water  of  crystallization  is  obtained  in  good  crystals,  which 
(M  persistent  in  air,  by  dissolving  oxalate  of  lime  to  saturation 
m  hot  hydrociiloric  acid  and  allowing  the  solution  to  cool.  It 
jKMists  of  1  eq.  of  each  salt,  with  7  eq-  (>f  watiT.  Oxalate  of 
fmB  is  known  to  combine  with  2  cq.  of  water,  of  which  I  cq. 
Upcara  to  remain  in  tliis  double  salt,  while  the  other  is  re- 
pittced  by  chloride  of  calcium  carrying  its  Q  atoms  of  water  of 
ifVfitallization  along  with  it.  A  similar  replac:ement  is  ob- 
«rved  in  tlie  formation  of  quadroxalate  of  potash  (page  172)- 
Sbia  salt  becomes  anhydrous  without  decomposition  tt  '2(jif 
(}3(f  cent).     It  is  (lecomj)osed  by  pure  water. 

Ifmoride  of  calcium^  fluorspar  i  CaF  ;  isy.8  or  31>.25.— This 
Bth  occurs  in  nature,  massive  and  in  transparent  crystals,  which 
are  cubes  or  octohcdrons.  It  is  often  of  beautiful  colours,  ge- 
nendly   green  or  ))ur))le,   and  is  cut  into   ornaments.     When 
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t  of  metal,  it  becom^a  very  lumiaoaii 
^resces.     Flaaride  of  calciaro  is  insolable  in 
^  ^"^Ji  iiVifclaned  in  a  granular  condition,  who    ' 
iL  piiiiirfirrTl  by  freshly  precipitated  carb^ 
.  ^^nift  fkeulral  salt  of  lime  is  mixed  with  a  aolubk  fluoridi^ 
•  of  caldum  appears  as  a  translucent  gdatinooa  i 
ie,  whether  artificial  or  natural,  ia  not  decompciicd  I 
>  acid  at  a  low  temperature,  but  ifnbi1>e4P  tiiat  addi 
j^iBi  a  thick  ropy  liquid-     At  104*  (AGP  cent,)  this  miituwJ 
^g  ID  ilecompose  and  emits  hydrofluoric  acid. 

SALTS  OF  LIME. 

t^rbomaie  of  Hme ;  CaCO^;  6.^2^  or  50.08,— This  i»  one^ 
lilt  most  abundantly  diffused  salts  io  nature,  forming  the  I 
^  limestones,  marbles,  marles,  coral-reefs,  shells,  &c.    It 
ilvttys  anhydrous,  and  occurs  in  two  incompatible 
|brms»  the  rhomboidal  crystal  of  calc-spar^  which  with  its  m 
19I1S  modifications   is  much   the  most  abundant,  and  the  i 
aded  prism  of  arragonite,  isomorphous  with  carbonate  of  i 
lian,   which  may  be  readily  recognised  by  falling  to 
when  heated.     The  grains  of  this  powder  have  the  form  of  I 
spar.     The  density  of  carbonate  of  lime  in  these  two 
sensibly  different,  that  of  calc-spar  being  2.7 1  ^>  and  of  i 
nite  2.949  (G.  Rose).     Carbonate  of  lime  consists  in  100] 
of  56»29  lime  and  43.7 1  carbonic  acid. 

Carbonate  of  lime  may  also  be  obtained  in  the  state  of  a  I 
drate,  by  heating  together  1  part  of  hydrate  of  lime,  3  of! 
and  6  of  water,  filtering  the  solution  and  leaving  it  to  cool  i 
shallow   vessel      In   twenty-four  hours  crystals  appear  n^ 
the  surface  of  the  liquid,  and  in  fifteen  dhjn  the  wh 
generally  converted  into  hydrated   carbonate,  in    tli 
sharp  transparent  rhombs.     The  carbonic  acid  is  absorbed  : 
the  atmosphere.     These   crystals  contain  5  eq»  of  Witer. 
boiling  them  in  anhydrous  alcohol,  a  second  definite  h] 
obtiuned  containing  3  eq,  of  water,  as  ascertained  by 
These  correspond  in  composition  with  two  crystalline  hj 
of  carbonate  of  magnesia. 

Carbonate  of  lime  is  considered  an  insoluble  salt, 
according  to  Bucholz  it  dissolves  in  16  or  24  thousa«id  ' 
weight  of  pure  water.     But  it  is  soluble  in  water 
carlionic  acid,  and  is  geoeraUy  present  in  the  water  of  wdb,  I 
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•ame  mineral  waters  to  a  considerable  extent.  It  is  depo- 
»d  from  the  latter,  when  exposed  to  air,  in  a  c^radual  manner 
d  in  possession  of  a  crystalliiiG  structure,  forming  stalactites 
mountain  caverns,  and  calcareous  petrifactions,  when  it  ilows 
«r  wood  and  other  organic  and  destructible  matters,  of  M-hich 
preserves  the  form.  It  is  decomposed  with  efFervesceiicc  by 
ids.  At  a  red  heat  it  parts  with  carbonic  acid  and  is  cun- 
■ted  into  quicklime  in  the  miinner  already  dcscTibed. 
A  crystalline  mineral  was  discovered  l)y  Hoiissinirault  at 
[erida  in  America,  which  he  ascertained  to  be  a  double  carbu- 
ite  of  soda  and  lime,  with  5  eq.  of  water,  and  named  //^x//- 
§$iie,  in  honour  of  Gay  Lussac.  It  may  lie  made  anhydrous 
r  heat,  and  its  two  salts  arc  then  separated  by  water. 
Sulphate  of  lime,  gypsum;  CaO,  SOa  +  L'FIO  ;  857.2 -fi?2:>, 
>  €6«69  +  Ib. — ^"fhis  salt  precipitates  as  a  bulky  and  gritty 
>wder,  when  sulphuric  acid  is  added  to  a  soluble  salt  of  lime. 
ilphate  of  lime  appears  to  have  nearly  the  same  dearer 
'•solubility  at  all  temperatures,  and  requires  4r>l  parts  of 
Iter  for  solution.  It  occurs  in  nature  in  well-formed  crys- 
ISf  and  also  in  large  crystalline  masses,  forming  l>cds  of 
rpsum  ;  a  mineral  which  contains  2  eq.  of  water,  and  of 
bich  the  density  is  2..S22  (Iloi^et  and  Uumas).  Mr.  John- 
OD  has  likewise  obt'dned  small  prismatic  crystals  of  snlpliat-e 
f  lime,  deposited  in  a  steam  l)i)iler,  which  cj)ntain  only  half  an 
foivalent  of  water  (page  SAO).  Sulphate  of  lime  occirs  in  a 
rystalline  form,  witiiout  water,  forniin:^  tlie  mineral  tmhtfdri(t\ 
r  which  the  density  is  about  2,\H\,  Sulphate  of  lime  fusoK  at  a 
atmig  red  heat,  without  decomposition,  and  on  coolini,'  assumes 
le  ^crystalline  form  of  the  last  mineral.  To  form  ])!aster  ol' 
luia,  gypsum,  in  ])ieces  about  the  size  of  a  ]>i.:e(iii'.s  e^ir,  is» 
Bated  in  an  oven  till  it  is  nearly  anhydrous,  and  tlicn  reduced 
k.powder.  When  this  is  made  into  a  paste  with  a  little  water. 
forms  a  hard  coherent  mass,  or  sets,  in  a  minute  or  two,  with 
slight  evolution  of  heat.  This  artifieial  hydrate,  or  Wz/rr/y,  has 
le  same  composition  as  native  gypsum.  If  sul])hate  of  lime 
M  been  heated  above  tiOO",  in  drying,  it  refuses  to  set  when 
lized  with  water. 

Uffpoiulphite  of  lime  is  formed  by  adding  sulphurous  arid  to 
solution  of  sulphuret  of  calcium,  till  the  solution  is  neutral 
ad  colourless.  The  solution  is  decomposed  wher  hesited  above 
iXf  (60"  cent.)  into  sulphur   and  sulphite  of  lime.     If  cvapo- 
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rated  below  that  temperature,  it  yields  large  hexagonal  pnsmi 
of  hyposulphite  of  lime,  on  cooling,  which  are  colourless.  They 
contain  5  cq.  of  water,  and  are  persistent  in  air. 

Nitrate  of  lime  is  a  highly  deliquescent  salt,  which  cryrtii- 
lizes  with  (>  eq.  of  water,  like  the  nitrates  of  the  magnesian  clan. 
It  is  soluble  in  alcohol. 

Phosphates  of  lime, — When  earth  of  bones  is  dissolved  in  hy- 
drochloric acid,  and  the  solution  afterwards  neutralised  by  im- 
monia,  that  substance  is  thrown  down  as  a  light  gelatinooi 
precipitate,  which  Bcrzelius  has  distinguished  as  the  bone- 
earth  phosphate.  It  contains  8  eq.  of  lime,  with  S  eq.  of  phos- 
phoric acid.  When  moderately  dried,  it  retains,  I  find,  4  eq.  of 
water ;  and  as  it  is  a  trihasic  phosphate,  its  formula  probably  ii 
2  (.HCaO,  P05)  +  H0,  2CaO,  PO^+SHO. 

On  adding  chloride  of  calcium  to  the  tribasic  subphosphate 
of  soda,  a  corresponding  phosphate  of  lime  precipitates,  of 
which  the  formula  is  3CaO,  PO5.  This  phosphate  occurs  ia 
nature  in  combination  with  fluoride  of  calcium  in  the  form  of 
hexagonal  prisms,  in  the  minerals  apatite  and  moroxite.  Til 
formula  of  apatite  is  CaF  +  3  (.i  CaO,  PO5).  Tlie  native  phflO- 
phates  of  lead  occur  in  the  same  form,  with  chloride  of  lead  ii 
the  place  of  fluoride  of  cjilcium.  Hedyphan  is  the  same  mine- 
ral, in  which  a  portion  of  phosphoric  acid  is  replaced  by  arsenic 
acid. 

Another  tribasic  phosphate  of  lime  is  obtained  on  j>ouringthe 
solution  of  common  phosphate  of  soda,  drop  by  drop,  into  chlo- 
ride of  calcium ;  the  liquid  becomes  acid.  This  precipitate  ii 
slightly  crystalline.  Its  formula,  exclusive  of  its  water  of  cryi- 
tallization,  is  IIO,  2CaO,  PO5.  Bcrzelius  describes  also  ahi- 
phosphatc  of  lime,  obtained  on  evaporating  a  solution  of  tb 
preceding  salt  in  nitric  acid  to  the  point  of  crystallization,  of 
which  the  probable  formula  is  2 IK),  CaO,  PO5.  There  alio 
exist  a  pyrophosphate  and  metapliosphate  of  lime.  The  inio- 
luble  phosphiites  of  lime  arc  soluble  in  water  containing  ca^  ] 
bonic  acid.  It  is  possibly  in  this  manner  that  phosphate  of 
lime  is  dissolved  by  the  alkaline  animal  fluids. 

Chloride  of  limCy  Ueachitiy  powder, —  Iliis  compound  is  equalll 
remarkable  for  its  valuable  ap))lieations  in  the  arts,  and  for  the 
dis(;ussions  to  which  its  anomalous  or  doubtful  constitution  hai 
given  rise.  It  is  generally  prepared  by  exposing  hydrate  of 
lime,  from  the  purest  lime,  to  chlorine  gas,  the  latter  being  si^)- 
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lied  so  gradually  as  to  prevent  the  hviit,  uccusioiied  by  thecoin- 
jjation,  from  rising  above  62^.  WUvii  driinl  at  212^  hydrate 
'  lime,  1  Andy  absorbs  afterwards  iittU*  ur  no  ridorine ;  but 
led  over  sulphuric  acid,  without  licur,  it  is,  on  the  contrary,  in 
le  most  favourable  condition  for  niakini^  ciiloricie  of  liini*.  A 
y,  white,  purverutent  compound  is  ol)taiiU!(i,  by  exposing  t'lC 
St  hydrate  to  chlorine,  which  (*r)ntains  41.2  or  -ll.-l  chlorine,  in 
XI  parts;  but  of  this  chlorine  about  M  parts  only  are  avaihiljio 
r  bleaching,  owing  to  2  parts  of  that  clenuMit  i^oini;  to  the 
nnation  of  chloride  of  calcium  and  chlorate  ol'  lime.  A  slight 
IcGtion  of  mt)isturc  to  hydnite  of  lime  docs  not  increase  the 
'oportion  of  chlorine  absorbed,  and  renders  the  compound  less 
able.  The  above  appears  to  be  tlie  maximum  absorj)tion  of 
ilorine  by  dry  hydrate  of  lime,  and  is  greater  than  it  would  be 
Ivisable  to  attempt  in  the  manufaeture  of  bleach  ins;  powiler, 
iring  to  the  occurrence  of  the  partial  decomposition  adverted 
I.  Tet  this  proportion  is  considerably  short  of  1  eq.  of  (*h lo- 
ne to  1  of  hydrate  of  lime,  which  are  48-57  chlorine  and  5 1 .13 
ydrate  of  lime,  in  100  parts.  Tlie  excess  of  lime  a]>|>cars  to 
e  useful  in  adding  to  the  stability  of  the  compound.  The 
leaching  powder  of  commerce  m«iy  contiiin,  when  newly  pre- 
•rcd,  about  30  per  cent  of  chlorine.  As  1  have  found  it  in 
he  shops  of  the  apothecaries,  the  proporti<m  of  available  chlo- 
ine  was  more  frequently  below  tlian  above  10  per  cent,  so  much 
Iocs  it  deteriorate  by  kee])ini3'. 

The  same  compound  is  obtained  in  solution  by  transmitting  a 
itream  of  chlorine  gas  throuj^h  hydrate  of  lime  suspended  in 
irater.  The  lime  then  absorbs  a  full  equivalent  of  chlorine, 
ind  dissolves  entirely.  Ten  parts  of  water  take  up  the  bleaeh- 
ing  combination  from  one  part  of  dry  chloride  of  lime,  leaving 
undissolved  the  hydrate  of  lime  contained  in  excess.  The  solu- 
tion has  a  strong  alkaline  reliction.  It  destroys  most  organic 
natters  containing  hydrogen,  includirig  colourint^  matters.  Hut 
tM  bleaching  action  is  not  instantaneous,  uidessan  aeid  i)e  added 
0  it,  which  liberates  the  chlorine.  Ilence  wiien  Turkey-red 
loth,  having  a  pattern  printed  upon  it  with  tartaric r  acid  thick- 
ned  by  gum,  is  inmicrsed  for  about  one  minute  in  this  solution, 
;  comes  out  with  the  colour  dischar<;ed  where  the  nei«l  was 
ireaent,  but  elsewhere  uninjured.  In  tiiis  manner  white  tigures 
re  produced  upon  a  coloured  gnmnd.  The  solution  of  chloride 
f  lime  also  absorbs  and  destroys  contagious  matters  in  the  at- 
mosphere, and  is  slowJv  dri?o//i/7o.>e<J  by  carbonic  ac\d,  Nii\V\\  c^- 


Chloride  of  lime  for  bleaching  was  first  prepared  b 
Mr.  Tennant  of  Glasgow,  who  in  conjunction  with  s< 
title  friends,  ot)tained  a  patent  for  the  manufacture  c 
compound  in  l?*)!).     For   some  time  after  the  true 
chlorine  was  known,   bleaching  powder  appears  to 
lociked  upon  as  simply  a  coml)ination  of  chlorine 
Hut  more  accurate  views  of  combinaticm  lead  Berzelic 
tion  the  possibility  of  compounds  of  elementary  h 
binary  compounds,  which,  if  they  exist,  are  certainly  e 
rare,  and  to  obser\^e  the  similarity  in  the  absorption  c 
by  lime,  with  its  absorption  by  a  strong  solution  of  j 
the  formation  of  chloric  acid,  and  with  the  solution  ( 
in  alkalies  and   formation  of  hyposulphurous   acid. 
eluded  that  a  chlorous  acid  existed  in  the  bleaching  c 
of  chlorine,  consisting  of  1  cq.  of  chlorine  and  S  of  03 
oxygen  of  this  acid  being  derived  from  the  metallic 
that   of   chloric    and    hyposulphurous   acids,  a  cor 
quantity  of  metallic  chloride  being  produced  at  the 
"Hiis  opinion  was  generally   received,   the  bleachhi{ 
the  compound  being  referred  to  the  facility  with  whi 
of  lime  parts  with  4  eq.  of  oiygcn,  and  becomes  chic 
cium.     The  subsequent  discovery  by  M.  Balard,  of 
rous  acid,  a  bleaching  compound  of  chlorine  and  oxj 
can  be  isolated,  lent  support  to  the  same  view,  altli 
tprpH  t.hp  pvnppssirtn  of  it.  hvnnrhlorons  iir^H  heini^ 
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M.  E.  Millon  has  quite  recently  announced  sume  curious 
diaooveries  respecting  these  compounds,  which  lead  him  to 
take  a  new  and  simpler  view  of  their  constitution.  When  the 
aolution  of  chloride  of  lime  is  added  to  nitrate  of  lead,  a  white 
precipitate  falls,  which  after  a  time  hecromes  brown.  In  the 
first  state  it  has  hitherto  been  taken  for  rliloride,  and  in  the 
second  for  peroxide  of  lead,  but  Millon  finds  that  it  is  a  com- 
pound of  protoxide  of  lead  with  chlorine,  in  both  conditions,  or 
Pb+O,  CI.  With  protonitrate  of  iron,  a  bri>\vn  precipitate,  of 
similar  constitution,  Fe,  +  O^^  CI  is  pniduced ;  and  witii  proto- 
■alts  of  manganese  a  similar  precipit'ite,  but  containing  twice  as 
aach  chlorine.  In  the  case  of  each  of  these  three  nitrates,  the 
Bcw  compound  corresiM>nds  with  the  {xsroxide  of  the  same 
metal,  the  protoxide  acquiring  chlorine  instead  of  oxygen.  The 
red  oxide^  or  suboxide  of  co[)per  also,  when  warmed,  absorbs 
Iialf  an  equivalent  of  chlorine,  becoming  i^L'u  4  O,  CI,  which 
corresponds  with  the  black  oxide,  the  highest  degree  of  oxida- 
tion of  that  metal.  Potash,  he  finds  also,  to  absorl)  2  equiva- 
lents of  chlorine,  forming  a  compound  K  +  O,  2Cl,  correspond- 
ing with  tlie  peroxide  of  potassium,  KO3 ;  while  soda  absorbs 
only  1  eq.  of  chlorine,  forming  Na  +  O,  CI ;  the  peroxide  of 
sodium  containing  less  oxygen  than  the  prroxide  of  potas- 
aimn,  although  the  composition  of  the  furiner  appears  not  to 
be  certainly  determined.  M.  Millon  concludes  that  the  com- 
poonds  formed  wlien  chlorine  is  absorbed  by  metallic  protox- 
ides are  bodies  analogous  to  the  peroxides  of  the  nanie  metals, 
but  in  which  the  place  of  a  portion  of  the  oxygen  is  heUl  by  chlo- 
rine. Bleaching  powder  is  thus  a  cum])ound  of  calcium  with  oxy- 
gen and  cldorine,in  a  hydrated  condition,  analogous  to  hydnited 
peroxide  of  calcium,  or  hydrated  peroxide  of  barium  wliicli  is 
better  known.  As  a  peroxide  of  hydrogen  exists,  the  possibihty 
b  inferred  of  an  analogous  compound  of  hydrogen  with  (jxygeu 
and  chlorine,  H  +0,  CI,  which  may  be  conUiined  in  the  crystal- 
line compound  hitherto  viewed  as  a  hydrate  of  chhirine*.  Wc 
bave  already  admitted  similar  substitutions  of  chlorine  for  oxy- 
gen^  as  in  chlorosulphuric  acid  (page  332).  Tlie  relation  between 
a  hydrated  peroxide,  such  as  that  of  barium,  and  chloride  of  lime 
appears,  in  both  being  decomposed  by  acids,  wliich  unite  with 
the  barytes  and  lime,  and  Uberate  oxygon  from  the  one  com- 
pound and  cldorine  from  the  other.     Peroxide  ut'  hydrogen  also 
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rivals  the  chlorine  compounds  in  bleaching  power.  Bat  ^ 
the  replacing  bodies  differ  so  much  from  each  other  as  chlorins 
and  oxygen,  it  is  not  to  be  expected  that  the  resulting  oon^ 
pounds  will  exhibit  the  closest  analogy  in  properties.. 

CHLORIMETRY. 

The  bleaching  power  of  chloride  of  lime  is  often  estimated  by 
the  quantity  of  a  solution  of  sulphate  of  indigo^  which  a  known 
weight  of  chloride  can  discolour  or  render  yellow.  But  as  the 
indigo  solution  alters  by  keeping,  this  method  is  not  unobjeo- 
tionable.  Several  exact  methods  have  been  proposed^  of  whidi 
that  in  which  sulphate  of  iron  is  used  appears  to  be  entitled  to 
preference.  This  method  reposes  upon  the  circumstance  tinfc 
the  chlorine  of  chloride  of  lime  converts  a  salt  of  the  protozide 
into  a  salt  of  the  peroxide  of  iron ;  half  an  equivalent,  or  22\S 
parts  of  chlorme,  effecting  that  change  upon  a  whole  equivalent 
or  1728  parts  of  cr.  protosulphate  of  iron.  Protoxide  of  iron  is. 
convertible  into  peroxide  by  half  an  equivalent  of  oxygen,  whicik 
the  half  equivalent  of  chlorine  may  be  supposed  to  supply,  liy 
decomposing  T^-ater,  in  becoming  hydrochloric  acid.  It  ibUow% 
by  proportion,  that  10  grains  of  chlorine  are  capable  of  perozi- 
dising  78.1  grains  of  or.  sulphate  of  iron. 

A  few  ounces  of  good  cr}^stals  of  protosulphate  of  iron  are 
reduced  to  powder,  and  dried  by  strong  i)ressure  between  foldi 
of  cloth  ;  the  salt  may  afterwards  be  preserved  in  a  bottle  with- 
out change.  In  a  chlorimetric  experiment  78  grains  (equin- 
Icnt  to  10  grains  of  chlorine)  of  this  salt  are  dissolved  in  about 
two  ounces  ol  water,  which  n.ay  be  acidulated  by  a  few  dropi 
of  sulphuric  or  hydroirhloric  acid.  Fifty  grains  of  the  chloride 
of  lime  to  be  examined  are  dissolved  in  about  two  ounces  of 
tepid  water,  by  rubbing  them  together  in  a  mortar,  and  the 
whole  poured  into  the  alkalimeter  (page  466);  which  is  after- 
wards filled  up  to  0  on  the  scale,  by  the  addition  of  water,  and 
the  whole  mixed  by  inverting  tlie  alkalimeter  upon  the  palm  of 
the  Land.  The  solution  of  chloride  of  lime,  being  thus  made 
up  to  1 00  measures,  is  poured  gradually  into  the  sulphate  of 
iron,  till  the  latter  is  completely  peroxidiscd,  and  the  number 
of  measures  of  diloride  required  to  produce  that  effect  ob- 
served. The  change  in  the  degree  of  oxidation  of  the  in» 
solution  is  discovered  by  means  of  red  prussiate  of  potasbi 
which  gives  a  precipitate  of  prussian  blue  with  a  salt  of  the 
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toodde  of  iron  only,  and  not  with  a  salt  of  the  peroxide.  Bjr 
ins  of  a  glass  stirrer,  a  white  stoneware  plate  is  spotted  over 
h  small  drops  of  the  pnissiate.  A  drop  of  the  iron  solution 
Qoixed  with  one  of  these,  after  every  addition  of  chloride  of 
e,  and  the  additions  continued,  so  long  as  a  deep  blue 
dpitate  is  produced.  The  liquid  may  continue  to  be 
lured  green  by  the  iron  salt,  but  that  is  of  no  moment. 
t  richer  the  specimen  of  chloride  of  lime  is  in  chlorine,  the 
er  measures  of  its  solution  are  required  to  peroxidise  the 
I9  the  number  of  measures  containing  10  grains  of  chlorine 
ays  producing  that  effect.  The  quantity  of  chlorine  in  the 
f  grains  of  bleaching  powder  is  now  known,  being  ascer- 
icd  by  the  proportion,  as  m  measures  (the  number  poured 
;  of  the  alkalimeter)  is  to  10  grains  of  clilorine,  so  100  is  to 
i  total  grains  of  chlorine.  In  a  particular  ex|>eriment  the  7B 
ins  of  sulphate  of  iron  required  72  measures  of  the  bleaching 
ation.  Hence,  as  7^  is  to  10,  so  100  is  to  13.89  chlorine  in 
grains  of  the  chloride  of  lime.  The  quantity  of  chlorine  in 
0  grains  of  the  chloride,  or  the  per  centagc  of  chlorine,  is  ob- 
ned  by  doubling  that  number,  and  was  therefore  in  this  in- 
ince  27.78  per  cent,  or  28  per  cent.  The  aritlmietical  process 
ay  always  be  reduced  to  that  of  dividing  2000  by  the  number 
'measures  poured  from  the  alkalimeter;  tlius  in  the  last 
ample — 


SECTION    VII. 

MAGNRSIUM. 

Eg.  158.3,  or  12.69;  Mg. 

To  obtain  magnesium,  sodium  in  a  test-tube  of  hard  glass  is 
ovsred  by  fragments  of  anhydrous  chloride  of  magnesium,  and 
leited  to  redness  by  a  lamp.  The  alkaline  metal  unites  with 
Uorine,  with  strong  ignition.  After  extracting  the  chloride  of 
odium  by  means  of  water,  the  magnesium  remains  in  little 
llobules,  which  may  be  re-united,  by  fusing  them  under  a 
ttltom  of  chloride  of  potassium  at  a  moderate  red  heat. 

Magnesium  has  the  colour  and  lustre  of  silver ;  it  is  malleable. 
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and  fuses  at  a  red  heat.     It  is  oxidised  mipergcially  \rf 
air,  but  undergoes  no  change  in  dry  air  or  oxygen.     Me 
to  ivdness,  it  bums  with  great  brilKaney,  formrng  magiil 
It  is*  evidently  mure  analogous  to  nnc  than  to  tlie  pr 
metals. 

Magnesia  ;  Mg  O  ;  258.S,  or  20.69. — ^This  is  the  only  ! 
oxid-e  of  magnesium.     As  usually   prepared    by   caldining 
artificial  carbonate  of  magnesia,  it  forms  the  magntnta 
pharmacy.     Magnesia  is  a  white  soft  powder,  of  density  aU 
2,3,  and   highly  infusible*     It  combines  i^ith  water,  but 
much   less   avidity  than  Ume^  forming  a   protohydrate, 
native  hydrate  of  magnesia  has  the  same  composition,  audi 
has  the  compound,  obtained    by   precipitating  magnesia  froaii 
Its  soluble  salts,  when  dried,  either  without  heat,  or  at 
These  preparations  have  a  silky  lustre  and  a  softness 
lotich,  characteristic  of  mngnesian  minerals,  such  as  is  olw 
in  asbestos  and  soapstone.     According  to  Dr.  Fyfe, 
tequires,  for  solution,  514^  times  its  weight  of  water  at  i 
and  S^OOO  times  its  weight  of  boiling  water.     This  earth, 
naixed  with  a  blue  infusion  of  cabbi^e,  causea  it  to 
green,  and  is  therefore  alkaline. 

Chloride  of  magnesium^  ma<ie  by  neutralising  carbons 
magnesia  with  hydrochloric  acid,  crystallines  with  6  HO,  if  ^ 
soluble  and  highly  deliquescent*     When  we  attempt  to  ma 
anhydruus   by  heat,  hydrochloric  acid    escapes,   and    ms 
remains.     But  the   pure  chloride,  wliich  is  employed  in 
paring  the  metal,  may  be  obtained  by  dividing  a  quantiti 
hydrochloric   acid    into   two  equal   portions,   neutralising 
with  magnesia,  and  the  other  %vith  ammonia,  mixing  and  i 
rating  these  two  snlutioiis  to  dryness,  when  an  anhydrous  dc 
chloride  of  magnesium  and  ammonia  is  formed.  On  heatiri 
salt  to  redness  in  a  porcelain  crucible,  sal-ammoniac  subli 
chloride    of    magnesium   remains    in  a  state   of  fusid 
becomes  a  translucent  crystalline  mass  on  cooling.     Tliis 
ride  is  decomposed  by  oxygen,  which,  at  a   high   temy 
displaces  its  chlorine,  and  magnesia  is  formed. 

Carbouate  of  fuagnetia. — ^l'*his  salt  occurs  native, 
as  a  white,  hard^  compact  mineral  of  an  earthy  fnictnre, 
is  known  as  magnedie,  and  sometimes  in  rhombohedral  cryitihii 
similar  to  those  of  carboiiute  of  hme*  It  is  |Mre|mre(l  aftificidt} 
by  prucipitalinga  soluble  nalt  (if  magnesia,  by  tne«fi0  of  c«fb^ 
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fOjf  potafth  at  the  boiling  point.  The  precipitate  ia  diffused 
irc  Water,  and  a  stream  of  carbonic  acid  sent  through  it,  by 
carbonate  of  magnesia  is  dissolycd*  On  aUowing 
ri  to  evaporate  spontaneously  the  excess  of  carbonic 
od  escapes,  and  carbonate  of  magnesia  is  deposited  in  small 
mo^  '    irisma  with  right  summits.     These  crystals  contain 

i%l  rt:r.     They  effloresce  in  dry  air,  and  then  lose  2  eq.  of 

r,  according  to  my  own  observations.     Carbonate  of  mag* 
rhafi  also  been  obtained  m  crystals  with  5  eq.  of  water* 
I  are,  consequently,  three  hydrates  of  this  salt^  of  which 
formula:  are,  Mg  O,  COj,  HO ; 

MgO,CO^,  H0  +  2H0; 
MgO,  CO^,  no +  4110, 
be&ct  tliat  tliis  salt  dissolves  hi  carbonic  acid  water  is  not 
held  as  proof  of  the  existence  of  a  bicarbonate  of  magnesia. 
]»\3m  insoluble  salts,  such  as  phosphate  of  lime  and  l!uoride 
dissolve  in  the  same  liquid,  which  appears  to  possess 
ic  solvent  power.     In  the  analogous  solution  of  carbo 
of  lime  in  carbonic  acid  water,  the  proportion  of  the  car- 
was  found  by  BerthoUet  to  have  a  variable  and  indefinite 
to  the   acid.     On    theoretical   grounds,    supersalts   of 
lia,   or  the  magnesian  family  of  osLidcs,  of  the  ordinary 
Stitutioti,  are  not  to  be  expected,  as  they  would  be  double 
[  of  water  and  another  magnesian  oxide, 
iagntstia  alba,  or  the  subcarbonate  of  magnesia  of  pharmacy, 
epared  by  precipitating  a   boiling  solution  of  suljJjate  of 
neaia  or  chloride  of  roagnesiumy  by  means  of  carbcnate  of 
Carbonate  of  soda  is  not  so  suitable  as  a  preci|Htant 
Ei^  as  a  portion  of  it  is  apt  to  go  down  in  combination 
magnesian  carbonate,  but  it  may  be  used  provided  the 
utity   applied  be  less   than    is  required  to  decompose   the 
^esian   salt  in   solution,     Maj^nesia  alba,  i^ben  well 
hot  water  is  verj-  white,  light  and  bulky.     A   por- 
kof  carbonic  acid  is  lost,  the  magnesia  not  being  in   com  bi- 
ll a  full  equivalent    of  that   acid.     Berzebus   fotind 
Liiba  to   contain,  in  100  parts,  35.77   carbonic  acid, 
fS  magnesia,  mid  IB  AS  water,  or  to  consist  of  S  eq,  of  car* 
I  eq.  of  magnesia,  and  4  eq.  of  water.     He  views  it 
iiuttion  u{  hydrate  of  magnesia   with   hydrated  car- 
t  of  magnesia,   of    which  the  formula  is   Mg  O,  HO  -h 
)«  CO^  MO),     This  comiK>und  is  said  to    require  24^^ 
\wUU  «uid  J)00()  of  hot  water  for  «4>lution* 
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Bicarbonate  of  potash  and  magnesia. — ^This  salt  was  formed 
by  Berzelius  by  mixing  a  solution  of  nitrate  of  magneai  or 
chloride  of  magnesium,  with  a  saturated  solution  of  bicarbonts 
of  potash  in  excess,  and  allowing  the  liquor  to  rest.  In  the 
course  of  a  few  days,  the  double  salt  is  deposited  in  large  reguhr 
crystals.  These  crystals  are  insipid.  They  are  insoluble  ii 
pure  ^^ater,  but  are  slowly  decomposed  by  it.  The  composi- 
tion of  this  salt  corresponds  with  1  eq.  of  potash,  2  of  magneai^ 
4  of  carbonic  acid,  and  9  of  water.  As  a  compound  of  1  efi 
of  bicarbonate  of  potash  and  2  of  carbonate  of  magnesia,  it  may 
be  represented  thus : — 

MgCCO^,  HO-f2HO 
HO,  COj,  (KO,  CO2)  +2HO 
MgO,  CO2,  HO  +  2HO 

But  a  compound  like  this,  of  three  salts  of  similar  constitutiuBi 
is  not  easily  reconciled  with  the  ordinary  laws  of  saline  combi- 
nation. This  salt  loses  8 HO,  at  212®,  or  all  its  combined  vatcr, 
except  the  single  basic  equivalent.  A  corresponding  bicarbo- 
nate of  soda  and  magnesia  also  exists. 

noloinite,  a  magncsian  lime-stone,  very  extensively  ^fiiisel 
in  nature,  is  a  mixture  or  combination  of  the  carbonates  of  lime 
and  magnesia,  having  the  er)'stalline  form  of  calc-s|)ar.  Tbe 
two  salts  are  almost  always  in  the  proportion  of  single  equivi- 
lents.  It  is  remarkable  that  when  this  rock  is  exposed  to  the 
solvent  action  of  water  containing  carbonic  acid,  the  carbonate 
of  lime  is  dissolved  exclusively,  and  a  magnesian  limestone 
remains  in  the  form  of  a  porous  and  crj'stalline  mass.  It  is  nut 
unusual  to  find  whole  mountains  of  magnesian  limestone  tfau 
altered. 

Sulphate  ofmapicsia  ;  Mg  O,  SO3,  HO  +  6HO  ;  759.6  +  787-5i 
or  60.8f>  +  63. — This  salt  exists  in  many  mineral  springs^  b 
the  waters  of  Epsom,  of  SeidUtz  in  Bohemia,  &c.,  from  whicb 
it  was  first  procured  by  evaporation.  It  is  now  generally  ob- 
tained from  the  bittern  of  sea  water,  which  consists  principallj 
of  chloride  of  magnesium  and  sulphate  of  magnesia,  and  is  con- 
verted wholly  into  sulphate  by  the  addition  of  Kulphuric  add. 
Or  magnesia  is  precipitiited  from  seawatcr  confined  in  a  tank, 
by  means  of  hydrate  of  lime,  and  the  earth  thus  obtained,  after- 
wards neutralised  by  sul])huric  acid.  Magncsian  limestone  is 
also  had  recourse  to  for  magnesia.  It  is  burnt  and  slaked  with 
watety  to  obtain  it  in  a  d\\\ded  state,  and  then  neutralised  by 
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sulphuric  acid.     The  mist  sulphates  are  easily  separated,  that 
r/fliine  being  soluble  to  a  small  extent  only,  while  that  of  mag- 

Eis  highly  soluble  in  water.     A  solution  of  sulphate  of  lime 
decomposed  by  carbonate  of  magnesia^  with  the  forma- 
f  sulphate  of  magnesia,  and  this  reaction  is  often  witnessed 
ill  beds  of  magnesian  limestone,  when   water  containing  sui- 
te of  lime,  percolates  through  them, 

crystals  of  sulphate  of  magnesia  are  four-sided  rectangular 
us,  which  when  pu^e^,  have  a  slight  disposition  to  effloresce 
air.     One  hundred  parts  of  water  at  32"  dissolve  25*7^ 
of  the  anhydrous  salt,  and  for  ever)^  degree  above  that 
iperature,  they  take  up  0.26564  part  additional,   (see  Gay- 
;'s  table    of  the  solubility  of  salts,  at  page  182).     The 
Btion  has  a  bitter  disagreeable  taste^  which  is  characteristic 
Pall  the  soluble  salts  of  magnesia.     It  is  not  precipitated  in 
tUcold  by  the  alkaline  bicarbonates,  by  common  carbonate  of 
nonia,  nor  by  oxalate  of  ammonia  if  the  solution  of  sul- 

of  magnesia  be  dilute. 
Sulphate  of  magnesia  loses  6HO  considerably  under  SOO*, 
retains  1  eq.  evenat400^     The  last  equivalent  is  replaced 
ittlphate  of  potash,  forming  the  double  sulphate  of  mag- 
i  and  potash^  which  is  considerably  less  soluble  than  the 
tiate  of  magnesia,  and  cr)'stallizes  with  6HO.     Sulphate  of 
nesia  unites  directly  with  sulphate  of  ammonia  also,  when 
idons  of  the  salts  arc  used,  but  not  ynth  sulphate  of  soda.   A 
able  sulphate  of  magnesia  and  soda  occurs,  however^  in  the 
kiinfacture  of  sulphate  of  magnesia,  which   is   said  to  have 
10,  like  the  potash  salt,  but  a  different  form, 
[Sulphate  of  magnesia,  when  ignited  in  contact  with  charcoal^ 
Ives  a  sulphuret  of  the  metal,  but  it  is  the  last  of  the  earths 
exhibits  this  analogy  to  the  alkalies.     The  sulphuret  of 
ium  is  soluble  in  water.     It  may  HkcT^Hse  be  obtained 
tpitating  sulphate  of  magnesia  by  sulphuret  of  barium. 
ilfpo9ulphate  of  magnesia  forms  crystals,  which  are  persis- 
in    air,  very   soluble,  and  contain   36.77    per   cent,  or  6 
uf  water  of  crystallization,  like  the  following  salt. 
iilraie  of  magnesia  is  a  very  soluble  and  highly  deliquescent 
It  crystallizes  with  6HO^  five  of  which  it  loses  at  a  high 
ipcrature,     Tlie   remaining   hydrate   may  be  fused  without 
^position,  but  wlien  heated  more  strongly,  it  loses  both 
lutiic  acid  and  water,  and  pure  magnesia   is  left.     It  appears 
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that  one  equivalent  of  water  is  essential  to  the  existence  of  tUi 
and  all  other  nitrates  of  the  magnesian  class  of  oxides.  TW 
water  is  not  displaced  by  nitrate  of  potash  heated  in  contaisl 
with  the  magnesian  nitrate.  Nitrate  of  magnesia  is  veiy  so- 
luble in  alcohol^  and  forms  a  solid  alcoate,  in  which  proljaUj 
a  portion  of  water  is  associated  with  the  alcohol.  I  did  nol 
succeed  in  forming  a  double  nitrate  of  magnesia  and  ammonia 
(nor  any  other  double  nitrate),  although  such  a  salt  is  admitted 
by  Berzelius. 

Phosphate  of  magnesia  is  formed  on  mixing  cold  solutions  of 
common  phosphate  of  soda  and  of  sulphate  of  magnesia,  and 
allowing  the  liquid  to  stand  for  24  hours.  The  salt  appears  ia 
tufts  of  slender  prisms,  which  effloresce  in  dry  air.  Thej 
are  soluble  in  about  1000  times  their  weight  of  water.  Tb 
composition  of  this  salt,  which  I  carefully  examined,  may  le 
expressed  by  the  following  formula,  HO,  2Mg  O,  PO5+2HO+ 
12HO.  (PhU.  Trans.  IS.SJ.) 

Phosphate  of  magnesia  and  ammonia. — ^This  is  the  wdl-knovB  ' 
granular  precipitate,  which  appears,  when  a  tribasic  phosphate 
and  a  salt  of  ammonia  are  dissolved  together,  and  any  salt  d 
magnesia  is  added  to  the  mixture.  Its  formation  is  had  »- 
course  to  as  a  test  of  the  j)rcsence  of  magnesia.  Although  in- 
soluble in  a  liquid  containing  salts,  it  is  so  soluble  in  pure  water 
that  it  cannot  be  washed  without  sensible  loss.  It  is  readilf 
dissolved  by  acids.  The  same  substance  forms  the  basis  A 
the  variety  of  urinjiry  calculus,  known  as  the  amnioniaco-mag- 
nesian  ])hosphate.  It  is  a  tribasic  phosphate,  of  which  tlie  S 
atoms  of  base  are  1  atom  of  oxide  of  ammonium  and  2  atoms 
of  magnesia,  M'ith  12  atoms  of  water  of  crystallization;  ten  «f 
the  latter  may  be  expelled  without  any  loss  of  ammonia.  The 
formula  of  this  salt  is  therefore  NH^O,  2Mg  O,  PO.  +  2H0  + 
lOHO-  Dr.  Otto  has  observed  a  corresponding  tribasic  phoi- 
phate  of  protoxide  of  iron  and  ammonia,  which  contains  onW 
two  atoms  of  water  of  crystallization  ;  and  also  an  arseniate  of 
manganese  and  ammonia,  of  which  the  water  of  crystallization 
appears  to  be  the  same  as  that  of  the  phosphate  of  magnesia  and 
ammonia. 

Borate  of  magnesia, — The  neutral  salt  was  obtained  bf 
Wohler,  in  the  form  of  crystals,  by  heating  a  mixture  of  tlie  so- 
lutions of  sulpliate  of  magnesia  and  borax  to  the  boiling  jjoint, 
to  form   a   ])recipitatc,  and    allowing  the  liquid  to  digest  for 
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me  time  upon  this  precipitate,  at  a  temperature  only  &  few 
grees  above  32*.  The  precipitdte  re-dissolves,  and  there  are 
rmed  on  the  sides  of  the  vessel  thin  crystalline  needles, 
inaparent,  brilliant,  hard,  and  having  much  of  a  mineral 
aracter.  They  are  insoluble  in  hot  or  cold  ^I'ater.  They 
»e  by  heat  58.4  per  cent  of  water,  or  H  atoms,  and  leave  a 
rmpoimd  of  single  equivalents  of  boracic  acid  and  magnesia, 
[gO,  BO3.  After  the  deposition  of  this  neutral  borate,  the 
|aid  affords  large  crystals  of  a  double  borate  of  soda  and  mag- 
soAi  containing  52.5  per  cent  of  water,  but  of  which  the 
iDportions  of  the  constituent  salts  have  not  been  determined. 
The  mineral  baracUef  which  occurs  in  the  cntie  and  its  allied 
vms,  is  an  anhydrous  compound  of  magnesia  and  boracic  acid, 
I  the  extraordinary  ratio  of  3  eq.  of  magnesia  to  4  of  boracic 
bU,  or  its  formula  is  3MgO-h4B03.  This  mineral  becomes 
lodcieal  by  iieat.  The  rare  mineral,  hydroboradte^  is,  ac- 
Qfiffiiig  to  Hesa,  a  compound  of  a  borate  of  Ume  and  borate  of 
lagneaiay  in  both  of  which  the  acid  and  base  are  in  the  same 
ilioas  in  boracite,  with  18  eq.  of  water. 

SKfaffB  of  magnegia, — Magnesia  is  found  combined  with 
ifide  add  in  various  proportions,  forming  several  mineral 
ysciea,  of  which  the  formulae  are  as  follows : — 

Sfeeatite         .  .  MgO,Si03. 

Meerachaum  .  MgO,Si03  +  HO. 

Famine  and  pyrallo-  J  3^,^  ^  ^  ^g.  ^^ 

JWote  (olivine,or  chry- 1 3^5  Q  +  Si  O3. 

Berpentuie   (hydrate  ofl 

magnesia  with  subsili-  >3MgO,6HO  +  2(3MgO  +  2Si  O3). 

cate  of  magnesia)       .J 
Pyroxene  or  augite  (si-T 

Bc^  of  lime  and  mag-  >  3Ca  0, 2Si  O3  +  3Mg  O,  2Si  O3. 

sesia)  •J 


Amphibole,    or    hom-*| 

Uende  (silicate  of  lime  >  Ca  O,  Si  O3 +3Mg  O,  2Si  O3. 
and  magnesia)  .J 

In  these  minerals,  particularly  the  two  last,  the  magnesia  is 
lAen  replaeed  in  whole  or  in  part  by  protoxide  of  iron,  which 
pfes  them  a  green,  and  sometimes  black  colour.  Fine  crystals 
tf  pyroxene  are  often  found  among  the  scorise  of  blast  furnaces. 
Serpentine  is  easily  decomposed  by  acids,  and  may  be  em- 
ployed in  the  preparation  of  sulphate  of  magnesia. 
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ORDER  III. 

METALLIC  BASES  OF  THE  EARTHS. 

SECTION   VIII. 

ALUMINUM. 

Eq.  171.2,  or  13.72;  Al. 

This  element  is  named  from  alumen^  the  Latin  term  fa 
alum,  which  is  a  double  salt,  consisting  of  sulphate  of  alomifli 
and  sulphate  of  potash. 

Like  the  preceding  metal,  aluminum  is  obtained  from  ill 
chloride,  by  the  action  of  potassium.  But  the  decompoahioi 
must  be  effected  in  a  platinum  or  porcelain  crucible,  as  tk 
beat  evolved  from  the  reaction,  which  occurs,  would  fuse  ^IB> 
Eight  or  10  grains  of  potassium  are  covered  by  a  quantity  d 
anhydrous  chloride  of  aluminum,  containing,  as  nearly  as  poi* 
sible,  the  proportion  of  chlorine  equivalent  to  the  potasram; 
the  lid  of  the  crucible  is  fastened  down  by  a  wire,  and  the  hii 
of  a  lamp  applied.  The  action  which  follows  is  violent,  lad 
attended  with  the  evolution  of  much  heat.  The  aluminum  b 
afterwards  separated  from  the  chloride  of  potassium,  with  whki 
it  is  mixt,  by  digesting  the  crucible  and  its  contents  in  a  con- 
siderable quantity  of  cold  water.  The  metal  appears  as  a  giey 
powder,  resembling  spongy  platinum,  but  is  seen  in  a  strong 
liglit,  while  suspended  in  water,  to  consist  of  small  scales  or 
spangles  having  the  metallic  lustre.  It  is  not  a  conductor  of 
electricity  when  in  this  divided  state,  but  becomes  one  when 
its  particles  arc  ap])roxi mated  by  fusion.  Wohler  finds  thit 
iron  resembles  aluminum  in  that  respect. 

Aluminum  has  no  action  upon  water  at  the  usual  tempen- 
ture,  but  decomposes  it  to  a  small  extent,  at  the  boiling  tem- 
perature, with  the  evolution  of  hydrogen.  It  undergoes  oxi- 
dation more  rapidly  in  solutions  of  potash,  soda  and  ammonifli 
and  the  resulting  alumina  is  dissolved  by  these  alkalies.  Ah- 
minum  requires  for  fusion  a  temperature  higher  than  that  it 
which  cast  iron  melts.  Heated  in  open  air  it  takes  fire  ani 
burns  witli  a  vivid  light,  and  in  oxygen  gas  with  the  production 
of  so  much  heat  as  to  fuse  the  alumina,  which  then  has  a  yd- 
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lowish  colour,  and  is  equal  in  hardness  to  the  native  crystallized 
aluminous  earth,  corundum. 

Alumina;  Al^O,;  6*42.4,  ar  51.44. — This  earth  is  the  only 
degr^  of  oxidation  of  which  aluminum  is  susceptible,  so  far  as 
is  known  at  present.  In  its  constitution,  alumina  is  presumed 
to  resemble  peroxide  of  iron,  because  it  occurs  crystallized  in 
the  same  form  as  the  native  peroxide  of  iron,  and  the  salts,  into 
which  it  enters,  are  strictly  isomorphous  with  the  corresponding 
salts  of  that  oxide.  To  three  atoms  of  oxygen  it  must,  thcre- 
ibre,  contain  two  atoms  of  metal,  such  being  the  composition 
of  peroxide  of  iron.  Aluminum  is  not  known  to  enter  into 
any  other  combination  in  a  less  proportion  than  two  equivar 
lents. 

Alumina  occurs  in  a  state  of  purity,  witii  the  exception  of 
m  trace  of  colouring  matter,  in  two  precious  stones,  the  sapphire 
and  nc^,  the  first  .of  which  is  blue,  and  the  other  red.  They 
are  not  inferior  in  hardness  to  the  diamond.  Their  density  is 
from  3.9  to  3.97«  It  may  be  obtained  by  calcining  the  sulphate 
Cif  alumina  and  ammonia,  or  ammoniacal  alum^  very  strongly. 
Sot  alumina  so  prepared  is  insoluble  in  adds.  It  is  obtained 
m  the  state  of  a  hydrate  from  common  alum,  by  dissolving  the 
htter  in  boiling  water^  and  adding  a  solution  of  carbonate  of 
potash  till  it  no  longer  causes  a  precipitate  ;  a  slight  excess  of 
the  carbonate  may  then  be  added,  and  the  whole  allowed  to 
id^t  at  a  gentle  heat  for  some  time,  in  order  to  decompose 
ft  subiulphate  of  alumina  which  the  alkali  first  throws  down. 
The  precipitate,  which  is  white,  gelatinous,  and  very  1)ulky, 
■mst  be  carefully  washed,  by  mixing  it  several  times  with  a 
luge  quantity  of  distilled  water,  allowing  it  to  settle  and 
pcmring  off  the  clear  liquid,  or  by  affusion  and  decantation^ 
as  it  is  said.  The  precipitate  is  Uien  dissolved  in  hydrochloric 
add«  the  solution  filtered,  if  not  clear,  and  precipitated  again 
by  ammonia  or  its  carbonate.  Tins  last  operation  is  necessary, 
in  tfrder  to  get  rid  of  a  portion  of  carbonate  of  potash  which 
remains  attached  to  alumina,  when  precipitated  by  that  salt. 
Ammonia  cannot  be  substituted  for  potash  in  the  first  preci- 
pitation, as  it  throws  down  a  subsulphatc  of  alumina,  and  does 
Bot  deprive  the  earth  entirely  of  its  acid.  The  alumina  of  the 
Heond  precipitation  is  also  in  the  state  of  a  subsalt,  unless 
vnmonia  be  added  in  excess,  which  is  capable  of  decomposing 
completely  tlie  subsalt  from  hydrocliloric  acid.    The   alumina 

1.  1. 
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must  again  be  carefully  washed,  as  before,  to  get  rid  of  ererj 
portion  of  the  liquid  in  which  it  was  precipitated.  By  drying 
in  air^  alumina  is  reduced  to  a  few  hundredths  of  the  balk  of 
the  humid  mass.  It  is  still  a  hydrate,  but  when  ignited  ik 
a  high  temperature,  it  gives  pure  alumina.  One  hundred  parti 
of  alum  furnish  only  10.3  parts  of  alumina. 

Alumina  is  white  and  friable.  It  has  no  taste,  but  adhem  tB 
the  tongue.  Before  the  oxihydrogen  blow-pipe,  it  melts  into  i 
colourless  glass.  After  being  ignited,  it  is  dissolved  by  addi 
with  great  difficulty.  It  is  highly  hygrometric,  oondeniing 
about  15  per  cent  of  moisture  from  the  atmosphere  in  dtnf 
weather.  If  ignited  alumina  contains  a  small  portion  of 
magnesia,  it  becomes  warm  when  moistened  with  water;  tUi 
property  is  very  sensible,  even  when  the  proportion  of  nugiM- 
sia  does  not  exceed  half  a  per  cent.  It  appears  to  be  dneti 
heat  disengaged  by  humectation,  a  phenomenon  first  obsemi 
by  Pouillet. 

The  hydrate  of  alumina,  when  moist,  is  gelatinous  and  weair 
transparent,  like  starch,  but  dries  up  into  gummy  masses.    Itii 
completely  insoluble  in  water,  but  is  readily  dissolved  by  acidly 
and  also  by  the  fixed  alkalies.     Caustic  ammonia  dissolTei  il| 
only  in  very  small  quantity.     When  an  excess   of  the  hydntl^ 
immediately  after  precipitation,  is  digested  in  caustic  potaik^ 
by  a  moderate  temperature,  and  the  solution  filtered  and  seikil 
up  in  a  flask,  there  separate  from  it  after  a  time  crystals  upot 
the  sides  of  the  vessel.     Tlie  same  crystals  are  obtained,  oi 
allowing  the  solution  to  absorb  carbonic  acid  slowly  from  tk 
air.    They  are  white  and  transparent  at  the  edges,  and  contdi 
34.61  per  cent  of  water,  or  3  equivalents,  which  tliey  do  no^ 
lose  at  212^  (Mitscherlich's  Traitd.)     The  mineral  ffibbriieiMt 
native  hydrate  of  alumina  of  the  same  composition,  Al^O^-f 
SHO.     Another  native   hydrate  exists,  containing  less  wattfj 
Al203  +  2liO.     It  is  called  diasjwr  by  mineralogists,  from  de- 
crepitating and  falling  to  powder  when  heated,  a  property  whick 
the  artificial  hydrate  in  gummy  masses  likewise  exhibits. 

llydrated  alumina  has  a  peculiar  attraction  for  organic  matttfi 
which  it  withdraws  from  solution,  and  hence  this  earth  is  if* 
to  be  discoloured  when  washed  with  water  not  absolutely  pn* 
This  affinity  is  so  strong,  that  when  digested  in  solutioni  rf 
vegetable  colouring  matters,  alumina  combines  with,  and  cmA" 
down  the  colouring  matter,  which  is  removed  entirely  from  thf 
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if  the  alumina  is  in  sufficient  quantity.  The  pigments 
laket  are  such  aluminous  compounds.  The  fibre  of 
y  when  charged  with  this  earth,  attracts  and  retains  with 
he  same  colouring  matters.  Hence,  the  great  application 
oinous  salts  in  dyeings  to  impregnate  cloth  or  yarn  with 
lAyand  thus  enable  it  to  fix  the  colouring  matter^  and 
9e  a  fast  colour. 

mina,  it  will  be  observed,  is  not  a  protoxide,  and  is  greatly 
r  to  the  preceding  earths  in  basic  power.  It  is  dissolved 
la,  but  never  neutralises  them  completely.  Hence,  alum 
1  the  salts  of  alumina  have  an  acid  reaction.  Their  so- 
I  have  an  astringent  and  sweetish  taste  which  is  peculiar 
sm.  Alumina  dissolves,  to  the  extent  of  several  equi- 
s,  in  some  acids,  particularly  hydrochloric  acid,  formini; 
compounds,  which  are  even  deprived  of  a  portion  of  their 
la,  by  filtering  them  through  paper.  It  does  not  co:nbine 
ome  of  the  weaker  acids,  such  as  carbonic  acid.  Hence 
aline  carbonate  throws  down  alumina  from  alum,  and  not 
onate  of  that  earth.  Alumina  dissolves  readily  in  solu- 
>f  potash  or  soda,  forming  compounds  in  which  it  must 
ie  part  of  an  acid.  Such  combinations  occur  in  nature, 
being  an  aluminate  of  magnesia  (MgO,Al2  03),  and 
e  an  aluminate  of  zinc  (Zn  O,  Al^  O3). 
the  known  compounds  of  aluminum  correspond  with  alu- 
in  the  ratio  of  their  equivalents,  that  is,  to  two  atoms  of 
lum  they  contain  three  atoms  of  another  body. 
ikuret  of  alnnUnum  is  formed  by  burning  the  metal  in  the 
r  of  sulphur.  It  is  a  black  semi-metallic  mass,  wliich  is 
f  transformed,  by  contact  of  water,  into  alumina  and  sul- 
;ted  hydrogen.  Hydrosulphuret  of  ammonia  has  the  same 
upon  the  solution  of  a  salt  of  alumina,  as  ammonia  itself, 
Using  the  acid  of  the  salt,  and  throwing  down  alumina, 
sulphuretted  hydrogen  escapes. 

mde  of  aluminum  f  Al^Clj;  1670.3  or  133.84. — ^When 
la  is  dissolved  in  hydrochloric  acid,  it  is  to  be  supposed 
ater  and  a  chloride  of  the  metal  are  formed  (3H  CI  and 
SAI3CI3  and  3liO).  llie  solution,  when  concentrated 
ontaneous  evaporation  in  a  very  dry  atmosphere,  yields 
b,  which  Bonsdorff  found  to  contain  44.7  per  cent,  or 
of  water.     But  it  generally  forms  a  saUne  mass,  which 
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deliquesces  quickly  in  the  air.  When  it  is  attempted  to  make 
this  salt  anhydrous  by  heat,  the  chlorine  goes  off  in  the  fona 
of  hydrochloric  acid,  and  pure  alumina  is  left. 

The  anhydrous  chloride  was  discovered  by  Oersted,  who 
made  known  a  method  of  preparing  it,  which  has  since  had 
numerous  applications.  Pure  alumina,  free  from  potash,  is  in- 
timately mixed  with  carbon,  in  the  form  of  lampblack,  woi 
strongly  calcined  in  a  crucible.  The  alumina  is  thus  made 
anhydrous^  without  being  otherwise  altered.  It  is  then  intro- 
duced into  a  porcelain  tube^  which  is  placed  across  a  fomaee 
and  exposed  to  a  red  heat.  Chlorine  gas,  carefully  dried,  ii 
conducted  over  the  materials  in  the  tube^  when^  under  the  ooa- 
joint  influence  of  carbon  and  chlorine  the  alumina  is  decon- 
posed;  its  oxygen  is  carried  off  by  the  carbon  as  caibode 
oxide  gas^  and  chlorine  unites  with  the  aluminum  itself,  in  tb 
place  of  oxygen.  The  chloride  of  aluminum,  being  volatile,  sab- 
limes  and  condenses  in  the  cool  part  of  the  porcelain  tube.  A 
glass  tube,  a  little  smaller  than  the  porcelain  tube^  should  be 
introduced  into  this  part  of  the  latter,  which  may  afterwards  be 
drawn  out,  containing  the  condensed  chloride.  The  saltii 
partly  in  the  state  of  long  crystalline  needles,  and  partly  ia 
the  form  of  a  firm  and  solid  mass  which  is  easily  detached 
from  the  glass. 

Chloride  of  aluminum  is  of  a  pale  greenish  yellow  colourj 
and  to  a  certain  degree  translucent.  In  air  it  fumes  slight]y» 
diffuses  an  odour  of  hydrochloric  acid,  and  runs  into  a  liquid  by 
the  absorption  of  moisture.  It  is  very  soluble  in  water,  hot 
cannot  again  be  recovered  in  the  anhydrous  condition.  Itii 
equally  soluble  in  alcohol.  Chloride  of  aluminum  combinci 
with  sulphuretted  hydrogen,  phosphuretted  hydrogen^  and  alio 
with  ammonia.  The  latter  compound  Persoz  finds  to  contun 
27.6 1  per  cent  of  amnionia,= AL,  CI3  +  5NH3. 

The  fluoride  of  ahiminum  can  only  be  obtained  by  dissolring 
pure  alumina  in  hydrofluoric  acid ;  it  docs  not  crystallize.  Thii 
fluoride  unites  in  two  pro[)orti()ns  with  fluoride  of  potassium, 
for  which  it  has  a  strong  aflinity.  Both  the  compounds  are 
gelatinous  precipitates,  which  become  white  and  pulvendenl 
after  being  washed  and  dried.  Berzelius  assigns  to  them  the 
formuloj,  3KF+AI2F3  and  2KF  +  AlaF3.  Fluoride  of  alumi- 
num exists  in  two  crystalHne  minerals,  one  of  which,  on  account 
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of  its  transparency,  hardness  and  brilliancy,  is  reckoned  among 
ihe  precious  stones.  They  are,  with  tlieir  formulaB  after  Ber- 
aelitts: — 

Topaz      .       .       3( Al^  O3,  Si  O3)  +  (Al,  O3 + AL,  F3) 
Pyknite    .      .       3(A1a  O3,  Si03)4-Al2F3. 
The  Mulphocyanide  of  aluminum  crystaUizes  in  octohedrons, 
vhich  are  persistent  in  air. 

SALTS  OP  ALUMINA. 

SuJphate  of  alumina;  AL,  O3,  3SO3  +  18HO ;  2145.8  +  J024.6, 
^  17i*95  +  162.23. — Obtained  by  dissolving  alumina  in  sulphu- 
ric acid.  It  crystallizes  with  difficulty  in  thin  flexible  plates  of  a 
pearly  lustre^  has  a  sweet  and  astringent  taste^  and  is  soluble  in 
twice  its  weight  of  cold  water,  but  does  not  dissolve  in  alcohol. 
When  heated  it  fuses  in  its  water  of  crystallization,  swells  up, 
and  forms  a  light  porous  mass,  which  appears  at  first  to  be  inso- 
InUe  in  water,  but  dissolves  completely  after  a  time.  Heated  to 
ledness  it  is  entirely  decomposed ;  the  residue  is  pure  alumina. 
TUs  salt  has  been  found  in  the  crystalline  form,  in  the  volcanic 
Umd  of  Milo  in  the  Archipelago.  Sulphuric  acid  and  alumina 
combine  in  several  proportions,  but  this  is  considered  the 
Mitral  sulphate,  as  it  possesses  the  same  number  of  atoms  of 
•dd,  as  it  contains  of  atoms  of  oxygen  in  the  base. 

Another  sulphate  of  alumina  (A1,03,3S03  +  A1q03)  is  ob- 
iniied^  according  to  Maus,  by  saturating  sulphuric  acid  with 
dnmina,  which  contains  twice  as  much  alumina  as  the  neutral 
lolphate.    After  evaporation  this  subsalt  presents  itself  in  a 
■|nmray  mass,  which  dissolves  in  a  small  quantity  of  water,  but 
is  decomposed  when  the  solution  is  diluted  witli  a  large  quan- 
tity of  water,  or  boiled ;  in  that  case  the  neutral   salt  remains 
i  solution,  and  the  foUowing  salt  precipitates.     Subtrisulphate 
of  alumina  (Al^  O3,  SSO,  +  2AI3  O3)  precipitates  on  adding  am- 
monia to  the  sulphate  of  alumina,  as  a  white  insoluble  powder, 
which  is  not  decomposed  by  an  excess  of  ammonia.     It  contains 
betides  46.9  per  cent  of  water,  or  9  atoms.    This  subsalt  forms 
Ihe  mineral  aluminiiey  which  is  found  near  Newhaven  in  Eng- 
land, and  at  Halle  in  Germany. 

AhoHj  sulphate  of  alumina  and  potash;  KO,  SO3  +  AI2O3, 
SSO3  +  24IIO;  3236.9  +  2700,  or  259.38  +  216.— Sulphate  of 
ihunina  has  a  strong  affinity  for  sulphate  of  potash,  in  conse- 
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quence  of  which  octohcdral  crystals  of  this  double  vsXi  pml 
tate,  whenever  any  salt  of  potash  is  added  to  a  strong  tolutl 
of  sulphate  of  alumina.  Alum  is  a  salt  of  which  large  ct 
titles  are  consumed  in  dyeing*  It  is  prepared  by  sercnj  fl 
cesses,  or  derived  from  different  sources.  It  may  be  picpil 
by  decomposing  clay  with  sulphuric  acid;  tlje  decompositiad 
effected  in  the  most  complete  manner  by  igniting  pure  m 
grinding  it  afterguards  to  powder  and  mixing  it  with  0,4l 
sulphuric  acid,  of  1.45  density.  This  mixture  is  heated  I 
reverberatory  funiace  till  the  mass  becomes  Tery  thick ;  rI 
wards  left  to  itself  for  at  least  a  montli,  and  then  treated  % 
water  to  wash  out  the  sulphate  of  alumina  formed.  The  aid 
tion  of  sulphate  of  potash  converts  the  last  salt  into  ill 
But  the  mode  of  manufacture  just  described  has  not  been  M 
BO  advantageous  as  the  following,  which  alone  is  practised 
this  country.  A  series  of  beds  occur  low  in  many  of  the  j 
measures,  w4nch  contain  much  bisulphuret  of  iron.  |H 
these  known  as  alum  slat€  is  a  siliceous  clay,  containin^N 
siderable  portion  of  coaly  matter,  and  of  the  metallic  aulpM 
in  a  state  of  minute  division.  When  this  mineral  is  exponed 
air  and  moisture,  it  soon  exfoliates,  from  the  formation  of  ( 
phate  of  iron,  the  bisulphuret  of  iron  absorbing  oxygen  likj 
pyrophorus.  The  excess  of  sulphuric  acid  formed  attacks  j 
otlier  bases  present,  of  which  the  most  considerable  is  abufl 
Aluminous  schists  often  require  to  be  moderately  calcJJ^H 
roasted,  before  they  undergo  tliis  change  in  the  atmoipli 
The  mineral  being  lixiviated,  after  a  sufficient  exposure,  aM 
a  solution  of  sulphate  of  alumina  and  protosulphate  of  m 
from  which  tlie  latter  salt  is  first  separated  by  crystallisatl 
The  subsequent  addition  of  sulphate  of  potash  to  tliC  Itqi 
causes  the  formation  of  alum  ;  the  chloride  of  potassium  anM 
the  same  purpose,  and  has  the  advantage  over  the  sulphaUtI 
it  converts  the  remaining  sulphates  of  iron  into  chlorides,  nM 
are  very  soluble,  and  from  which  the  alum  is  most  easily  M 
rated  by  crystallization,  A  very  pure  alum  is  obtained  ial 
Roman  states  from  alum-stone^  which  is  simply  heated  till  M 
phurous  acid  begins  to  escape  from  it,  and  the  residue  of  this i 
cination  treated  with  water.  This  mineral  contain*  an  iniola| 
9ubsulphate  of  alumina  with  sulphate  of  potash.  The  hcatixigl 
the  effect  of  separating  the  excess  of  alumina,  so  that  i  neeSt 
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•plphate  of  alumina  is  formed.  Alum-stone  a]ipe<irs  to  be  con- 
tnnally  produced  at  the  Solfatara  near  Naples^  and  other  vol- 
onic  diatricts,  by  the  joint  action  of  sulphurous  acid  and  oxygen 
iqxm  trachyte,  a  volcanic  rock  composed  almost  entirely  of  fel- 
qwr. 

Ahmi  requirea  18.4  parts  of  cold  and  only  0.75  parts  of  boil- 
ing water  to  dissolve  it,  and  crystallizes  very  readily  in  regular 
OCtohedrons,  of  which  the  apices  are  always  more  or  less  trun- 
fltfed,  firom  the  appearance  of  faces  of  the  cube.  The  taste  of 
flnm  is  aweet  and  astringent,  and  its  action  decidedly  acid,  and 
it  dissolves  metals,  with  evolution  of  hydrogen,  as  readily  as 
fits  sulphuric  acid.  The  crystals  effloresce  slightly  in  air,  and 
lAen  heated  melt  in  their  water  of  crystallization,  which 
noonts  to  45.5  per  cent  of  their  weight  or  24  atoms.  The 
fined  salt  in  losing  this  water,  becomes  viscid,  froths  greatly, 
vd  forma  a  light  porous  mass  known  as  burnt  alum. 

A  pyrophorus  is  formed  from  an  intimate  mixture  of  S  parts 
rf  alum  and  1  of  sugar,  which  are  first  evaporated  to  dryness 
tqpther,  and  then  introduced  into  a  small  stoneware  bottle, 
md  this  placed  in  a  crucible  and  surrounded  with  sand.  The 
iriude  is  heated  to  redness  till  a  blue  flame  appears  at  the  mouth 
rfthe  bottle,  which  is  allowed  to  bum  for  a  few  minutes,  and 
tlie  mouth  then  closed  by  a  stopper  of  clialk.  Afler  cooling, 
tte  bottle  is  found  to  contain  a  black  powder,  which  becomes 
nd  hot  when  exposed  to  air,  and  catches  fire  also  and  bums 
tith  peculiar  vivacity  in  oxygen  gas.  Tins  property  appears 
to  depend  upon  the  highly  divided  state  of  sulphuret  of  potas- 
iniD,  which  is  intermixt  with  charcoal  and  sulpliatc  of  alumina. 
A  pyrophorus  can  be  produced  from  the  sulphate  of  potash 
ikme,  without  the  sulphate  of  alumina,  but  it  does  not  so  cer- 
Wnly  succeed. 

If  the  quantity  of  carbonate  of  soda,  necessary  to  neutralise 
I  portion  of  alum,  be  divided  into  three  equal  portions,  and 
idded  in  a  gradual  manner  to  the  aluminous  solution,  it  will  be 
hand  that  the  alumina  at  first  precipitated,  is  rcdissolved  upon 
itirring,  and  that  no  permanent  precijntatc  is  produced  till  nearly 
:iro  parts  of  alkaline  carbonate  are  added.  It  is  in  the  condition 
f  this  partially  neutralised  solution  that  alum  is  generally  ap- 
lied  as  a  mordant  to  cloth.  Animal  charcoal  readily  withdraws 
be  excaeBa  of  alumina  from  this  solution,  and  so  does  vegetable 
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fibre,  probably  iVom  a  similar  attraction  of  arurfaoe.     Wheal 
solution  is  concentrated  by  evaporation,  alum  crystallizes  hm 
it,  generally  in  the  cubic  form,  and  the  excess  of  alumina  is  | 
cipitated. 

Sulphate  of  aniraonia  rnay  be  substituted  for  sulphate  af  [ 
tash  in  this  double  salt,  giving  rise  to  ammomacal  alum,  wlii< 
Agrees  very  closely  in  properties  with  potash  alum. 

Sulphate  of  alumina  also  combines    with   sulphate  of 
forming  soda   alum,  which   crystallizes  in    the    same   form 
common  alum,  and  also  contains  ^iHO.     Crystals  are  obtain 
by  mixing  the  constituent  salts,  and  leaving  a  concentrated  i 
tion  to  spontaneous  evaporation  ;  or  by  pouring  spirits  of  i 
upon  the  surface  of  such  a  solution  contained  in  a  bottle,  wl 
deposits  crystals  as  the  alcohol  gradually  diifuses  through  i 
This  salt  effloresces  in  air,  iis  rapidly  as  sulphate  of  soda*    IlJ 
very  soluble  in  water,    1 0  parts  of  water  at  60*  dissolving 
parts  of  this  salt. 

Sulphate  of  alumina    also    combines    with  the  sulphate 
pfTotoxide  of  iron,  when  dissolved  with  that  salt  and  a  consid 
able  admixture  of  sulphuric  acid   (Klaucr).     The   doubk 
was  found  to  contain   1   eq.  protosulphate  of  iron   (FeO,  SC 
J  eq.  sulphate  of  alumina  (Al^  03,^803),  and  24  eq.  of  w« 
(24 HO),  which   indicates  a  similarity  in  composition  to  alu 
But  it  is  deposited  in  long  acicular  crystals,  which  do  not  bcl<3 
to  the  Dctohedral  system,  and  has  therefore  no  claim  to  be  i 
sidered  an  alum,     A  similar  salt  with  magnesia  %vas  obtainedl 
the  same  way*     Another  combination  of  the  same  class,  t 
taining  the  sulphate  of  monganese,  forms  a  white  fibrous  miitfi 
found  in  a  cave  upon  Bushman's  river  in  south  Africa. 
salt  has  been  carefully  examined  by  Apjohn  and  by  Kane,  J 
found  to  contain  25 HO*     It  is  probable  that  if  the  propor 
of  water  in   Klauer's  salts  were  accurately  determined,  it  woil 
be  found  t«  be  the  same.     These  salts  may  be  represented  1 
compounds  of  a  magnesian   sulphate,  retaming  its  single  1 
of  constitutional  water,  with  sulphate  of  alumina;  the  mang 
compound  thus  ; — 

MnO,SO^  HO  +  Ala03,3SO  +  24HO, 

Certain  salts  have  been  formed,  isomorphous  with  alttnit 
strictly  analogous  in  composition,  in  which  the  alitmini  is  i^ 
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by  metallic  oxides  isomorphous  with  it,  namely,  by  per* 
}f  iron,  deutoxide  of  manganese,  and  oxide  of  chromium. 
se  salts  the  generic  term  alum  is  applied,  and  the  species 
nguished  by  the  name  of  the  metallic  peroxide  it  con* 
IS  iron  alum,  numganeae  alumy  and  chrome  alum. 
nina  dissolves  freely  in  most  acids,  but  like  metallic  pe- 
I  in  general,  it  affords  few  crystalline  salts,  except  double 
The  oxalate  of  potash  and  alumina  is  the  only  other  of 
hat  has  been  formed.  It  is  remarkable  for  its  composi- 
ontaining  3  eq.  oxalate  of  potash  to  1  eq.  oxalate  of  alu- 
with  6  eq.  of  water     Its  formula  is,  therefore, 

8(KO,  Ca03)  +  Ala03,  SC^Oa+GHO. 

lum  it  is  the  type  of  a  genus  of  double  salts.  The  cor- 
iding  oxalates,  containing  soda,  crystallize  with  lOHO. — 
Trans.  1837,  p.  54.) 

rate  of  alumina  is  said  to  crystallise  with  difficulty  in 
itic  crystals  radiating  from  a  centre, 
insoluble  phosphate  qf  alumina  precipitates  when  phos* 
of  soda  is  added  to  a  solution  of  alum.  By  fusion  it 
a  glass  like  porcelain.  Its  composition  is  2AI3  O3,  SPO^ 
slius).  Tills  salt,  dissolved  in  an  acid  and  precipitated  by 
nia  in  excess,  gives  a  more  highly  basic  phosphate,  of 
the  formula  is  4A1^  O3,  3PO5  (Berzelius).  The  last  salt 
I  in  nature>  in  combination  with  fluoride  of  aluminum,  in 
rm  of  radiating  crystals,  containing  27.8  per  cent  of  water, 
the  mineral  wavellitey  of  which  the  formula  is  A  I,  Fj-f 
I  OjySPOg)  +36'HO.  A  phosphate  of  alumina  and  lithia, 
fling  the  same  subphosphate  of  alumina,  forms  the  rare 
il  amblyffonite,  and  may  be  prepared  artificially.  Its  for- 
is  2LO,  PO5+4AI,  O3,  3PO5. 

SILICATES  OF  ALUMINA. 

\  varieties  of  clay  are  essentially  silicates  of  alumina,  but 
)8ed  as  they  are  of  the  insoluble  matter  of  various  rocks 
yed  by  the  action  of  water,  it  is  not  to  be  expected  that 
riU  be  uniform  in  composition.  Mitscherlich  considers  it 
HTobable  that  the  basis  of  cky  is  usually  a  subsilicate  of 
sa,  of  which  the  formula  is  2AJ9  O3,  3Si  O3 ;  and  which 
ns  57.42  parts  of  silica  and  42.58  of  alumina  in  100  parts. 
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But  from  the  analysis  of  Mosander,  the  refractory  clay  of 
I   bridge  (a   fire-clay)   is   a  neutral  silicate  of   alumina, 
3Si  Og,     China-clay  or  kaoHuy  which  is  prepared  from 
ing  granite,  being    the   result   of   the    decompositton 
felspar  and  mica  of  that  minera],  is  not  uniforni  in  its 
sition. 

A  subsilicate  of  alumina  exists,  forming  a  very  hard 
lized  mineral,  disthene  or  cyaniie^  of  which  the  formula  i^ 
03,8103. 

Double  silicates  of  alumina  and  potash  are  extensively 
in  the  mineral  kingdom,  forming  a  very  considerable  ||| 
of  the  solid  crust  of  the  globe.     The  most  usual  of  these 
salts  is  the  following. 

Felspar  is  composed  of  single  equivalents  of  the  neutn 

cates  of  potash  and  alumina.     Its  formula  i»  tlierefore 

gons  to  that  of  anhydrous  alum,    silicon  being  substitis 

f  sulphur;  KO,  Si  Og-fAlj  O3,  3Si  O.,.     It  is  one  of  tlie 

principal  constituents  of  granite  and  gneiss. 

Amphigen  or  leucile  occurs  principally  in  the  lava  of 
vius  in  a  crystallized  state.  The  relation  between  the 
and  alumina  is  the  same  as  in  the  preceding  mineral*  but 
^  tains  one-third  less  silica.  Hence  the  formula  3KO,  23 
3(Al2  O3,  2Si  O;^).  A  similar  combination  is  obtained  I 
cipitating  a  saturated  solution  of  alumina  in  potash,  by  1 
tion  of  silicate  of  potash  (Berzelius,) 

When  a  mixture  of  silica  and  alumina  is  fused  with 
cess  of  potash,  and  the  fused  mass  washed  with  water,  to 
draw  everything  soluble,  a  powder  remains  in  which  the 
and  alumina  are  still  in  tlie  ratio  of  single  equivalents, 
which  the  oxygen  of  the  silica  is  equal  to  that  of  the  base>* 
double  salt  has  consequently  the  formula,  3KO,Si  O^+SA 
2Si  O3, 

Albite  or  soda  felspar  much  resembles  felspar  in  prop 
Its  composition  is  analogous,  with  the  substitution  of  m 
notash ;  NaO,  Si  O3+ Al^  O3,  3Si  O3. 

j4nalchne  is  the  soda  silicate  proportional  to  amphigen. 

r  crystallized  like  amphigen,  but  contains  8.27  P^''  c^nt  or  ^ 

of  water.     Its  formula  is  aNaO>  2SiOa+3(Al^  O^*  28i 

A  third  compound  may  be  prepared,  correj»ponding  wi 
ortiiicial  potash  compound  above*     It  occurs  also  ill 
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nriiiDS  in  the  lava  of  Vesuvius,  forming  the  mineral  nepkelin. 
pOtbcr  silicates  of  soda  and  alumina  are : — 

Me90tppe  or  nairoUte,  NaO,  Si  03-f  S(Ala  O^,  Si  03)+2HO. 
I    Sodalite,  SiXaO,  2Si  03+2(ALj  O3,  SiOg).      The  latter  con- 
biiiis  also  chlorine* 

B  The  two  silicates  of  lithia  and  alumina  are  ;^» 
I    Petaliie,  LO,  2Si  Oa+Al^  O3,  3Si  O^. 
I   niphane  or  Spodumene,  LO,  Si  Og-f  Al^  O3  2Si  O3. 
m  Mmrmaiome  is  a  silicate  of  barytes  and  alumina,  containing 

■  The  Milicaies  of  lime  and  of  alumina  combine  in  many  differ- 
|tDt  proportions,  forming  a  great  variety  of  minerals.  Most  of 
iftem  contain  water,  in  consequence  of  wliich  they  froth  when 
Klieated  before  the  blow-pipe,  and  hence  are  called  zeolites. 
Ivfhie  of  these  named  stillnie,  from  its  shining  lustre,  corresponds 
Hl'teiDposition  with  felspar,  but  contains  in  addition  6  atoms 
pf  water  ;  its  formula  is  CaO,  Si  O^+Al^  O3,  SSi  Og  +  ^HO. 
1 4  stnail  portion  of  one  or  other  of  the  alkalies  is  (jften  found 
Mtliese  minerals,  besides  small  quantities  of  protoxide  of  iron 
Bm  either  magnesian  oxides,  replacing,  it  may  be  presumed,  the 
Mbe  in  part.  This  extensive  class  of  minerals  has  been  very 
Btilly  studied  by  Dr.  Thomson,  who  has  added  considerably  to 
Ubeir  number.* 

I  SUicaie  of  alumina  and  magnesiay  forms  the  mineral  called 
^apiione^  from  its  resemblance  to  mottled  soa[)  and  being 
Bietaousto  the  tx)uch.  The  formula  assigned  to  this  mineral  by 
■crzcHus  is  3MgO,  2Si  Og-hAla  O3,  2Si  O^-hGllO.  The  for- 
Btnla  of  dichroiie^  another  combination  of  the  same  elements,  is 
■MgO,  2Si  03-f3(Al3  O3,  Si  O3). 

f  BARTHENWARE  AND  PORCELAIN. 

The  silicate  of  alumina  is  the  basis  of  all  the  varietif^s  of 
poterj*.  Wlien  moistened  with  water,  clay  possesses  a  high 
Agree  of  plasticity,  and  can  be  extended  into  the  thinnest 
plates,  fashioned  into  form  by  the  hand,  by  pressure  in  moulds  j 
or,  when  dried  to  a  certain  point,  be  modelled  on  the  turning 
Whe.  It  loses  its  water  also  in  drying,  without  cracking,  pro- 
dded it  is  allowed  to  contract  equally  in  all  directions,  and  ac- 
Suinrs  greater  solidity.  When  heated  more  strongly  in  the 
JJttcr*f  kiln,  in  which  it  is  not  fused   nor  its   particles  agglu- 

^^^L^^  •  Outliaea  of  MiAcralogy  ind  GeoJogy,  vol.  L 
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tinated  by  partial  fusion,  it  becomes  a  strong  solid  mass,  wh 
adheres   to   the  tongue,  and  absorbs  water  with  avidity* 
render  it  impermeable  by  that  liquid,  it  is  covered  with  a 
ous  matter,  which  is  fused  at  a  high  temperature,  and  for 
insoluble  glaze  or  varnish  upon    its  surface.     But  the  into 
mass  of  ordinary  pottery  has  always  an  earthy  fracture, 
presents  no  visible  trace  of  fusion. 

When  an  addition  is  made  to  the  clay,  of  some  corap 
which  softens  or  fuses  at  the  temperature  at  which  the  < 
ware  is  fired,  such  as  felspar  in  powder^  then  the  day  it 
tinated  by  the  fusible  ingredient,  and  the  mass  is  rendered  ! 
transparent,  in  the   same  manner  as  paper   that   has  imb 
melted  wax  remains  translucent  after  the  latter  has  fixed* 
accidental  presence  of  lime,  potash,  protoxide  of  iron,  or 
similar  base  in  the  clay,  may  produce  the  same  effect  by  ! 
a  fusible  sihcate  diffused  through  the  clay  in  excess, 
tlie  constitution  of  porcelain,  and  of  brown  salt-glaze 
wliich  soda-water  bottles  are  made,  which  is  indeed  a  lortl 
porcelain.     When  these  kinds  of  ware  are  covered  by  al 
material,  similar  to  that  which  has  entered  into  the  comj 
of  their  body,  and  a  second  time  fired,  they  acquire  a  vifr 
coating.     Their  fracture  is  vitreous  and  not  earthy,  the 
surface  does  not  adhere  to  the  tongue,  and  the  mass  has  nstl 
greater  solidity  and  strength  than  the  former  kinds  of 
ware.     In  combining  the  ipgredients  of  porcelain,  an  exc 
the  fusible  ingredient  is  to  be  avoided,  as  it  may  cause  the  i 
sels  to  soften  so  much  in  the  kiln  as  to  lose  their  shape,  orcf 
to  run  down  into  a  glass  ;  while  on  the  other  hand  if  the  via 
able  constituent  is  in  too   small  a  proportion^  tlie  heat  of  1 
furnace  may  be  inadequate  to  soften  the  mails,  and  to  jiggli 
Date  it  completely. 

Porcelain. — 'Xhc  mode   of    fabricating  porcelain,  which 
been  known  for  a  long  time  to  the  Chinese,  was  di&covcredl 
17OG  by  Btittcher,  at  Dresden,  where  the  art  was  first  pr 
in  Europe,  and  published  afterwards  by  Reaumur.     The  mil 
rials  employed  are  (1)  a  fine  and  pure  clay,  prepared  by  leti| 
tion  from  mouldering  granite  or  other  disintegrated  felspati 
rocks.     In  China  it  is   called  kaolin.     That  consumed  in 
great  potteries  of  Staffordshire  is   prepared  in   ComwtU,  a^ 
known  as  China  clay.     A  comparison  of  compact  and  disin 
grated  felspar,  shows  that  by  the  solvent  acttoTi  of  water. 
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has  been  deprived  of  half  its  silica,  and  above  three- 
is  of  its  potash.  The  silicate  of  alumina  left,  which  forms 
ay,  is  very  difficult  of  fusion.  The  porcelain  clay  used  at 
1,  which  is  extracted  from  the  decomposed  porphyry  of 
contains,  in  100  parts,  71.4  sihca,  26dumina,  with  small 
ities  of  peroxide  of  iron,  potash,  and  lime  (Mitscherlich). 
ue  silica,  which  is  prepared  by  beating  chert  or  flint  to 
BS,  and  quenching  it  in  water.  The  mineral  is  afterwards 
led,  by  grinding  and  subsequent  levigation,  in  a  state  of 
reatest  division.  The  clay  and  silica,  both  in  the  humid 
are  then  carefully  intermixt.  A  body  for  the  best  khid 
thenware  may  be  made  of  70  parts  of  the  prepared  clay 
4  of  ground  flint.  But  to  form  porcelain  an  addition  is 
oade  (3)  of  finely  levigated  felspar,  to  impart  fusibility, 
loportion  necessary  being  learnt  by  experiment.  Phos- 
of  lime,  sulphate  of  lime,  and  carbonate  of  lime  are  also 
I  for  the  same  purpose.  A  mixture  of  the  prepared  clay 
ilspar  is  also  employed,  without  the  introduction  of  silica, 
erlin,  the  porcelain  earth  of  Mori  is  mixed  with  a  quan- 
f  felspar,  which,  it  is  said,  amounts  to  about  32  per  cent, 
ut  the  addition  of  silica.  At  the  royal  pottery  of  Sevres, 
ance,  the  materials  employed  are  felspar  as  it  is  found  in 
diiSerent  states  of  decomposition,  and  which  are  technically 
d  sable  cailloteux,  sable  argileux,  and  kaolin,  the  last 
that  in  which  the  decomposition  is  most  advanced,  with 
quantities  of  silica  (sable  d'Aumont)  and  chalk.  They 
nnbined  in  the  following  proportions  :— 

Kaolin 70 

Sable  cailloteux      .         .         .12 

Sable  argileux         .        .         .      9. 1 8 

Sable  d^Aimiont     .         .         .       5.29 

Lime 3.53  (6.3  chalk.) 


100 
body  (p&te)  of  the  Sevres   porcelain,  so  formed,  consists 
uniformly,  according  to  M.  Malaguti,  in  100  parts,  of — 

Silica    .         .         .         .     57  to  58 

Alumina        .         .         .     34.5  to  35 

Lime  ...       4.5 

Potash  .         .         .       S 

IDS  a  highly  translucent  and  beautiful  porcelain.     Felspar 
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with  a  little  clay  is  used  as  the  glaze  for  this 
Kbewhcre  a  mixture  of  sulphate  of  lime,  ground  porcelain  j 
Snt  is  sometimes  used  as  a  glaze.     In   paintinj^  porcelain,  1 
mme  metallic  oxides  are  employed  as  in  staining  glass, 
are  combined  with  a  vitrifiable   material,  generally  made 
with  oil  of  turpentine,  and  applied  to  the  pottery  sometiri 
under,  and  sometimes  above  the  glaze*    To  fuse  the  latter^ 
lours,  the  porcelain  must  be  exposed  a  third  time  to  he 
the  enamel  furnace. 

Stoneware, — The  principal  varieties  of  clay  used  here,  \ 
ing  to  Mr.  Brande,  arc  the  following : — 1  -  Marhj  clay^  wh 
with  silica  and  alumina,  contains  a  portion  of  carbonate  of  lifl 
it  is  much  used  in  making  pale  bricks,  and  as  a  manure; 
when  highly  heated  enters  into  fusion.     2,  Ptpe  clay^  whic 
very  plastic  and  tenacious,  and  requires  a  higher  temj 
than  the  preceding  for  fusion ;  when  burned  it  is  of  a 
colour,    and    is   used    for    tobacco-pipes  and    white 
3.  Potter:^  clay  is  of  a  reddish  or  grey  colour,  and  becomes  I 
when  heated ;  it  fuses  at  a  bright  red  heat ;  mixed  with  i 
is  manufactured  into  red  bricks  and  tiles,  and  is  also  used  i 
€oarse  pottery  (Manual  of  Chemistry,  p.  S6\),    The  glajse  ist 
plied  to  articles  of  ordinary  pottery  after  they  are  fired, 
the  condition  of  biscuit  ware.    They  are  dipt  into  a  mixti 
about  60  parts  of  red  lead,   10  of  clay,  and  20  of  ground  1 
difiused  in  water  to  a  creamy  consistence,  and  when  takca  i 
^enough  adheres  to  the  piece  to  give  a  uniform  glazing 
again  heated.     To  cover  the  red  colour,  which  iron  gives  to  I 
common  clays  when  burnt,  the  body  of  the  ware  is  sometid 
coloured  uniformly  of  a  dull  green,  by  an  admixture  of 
of  chromium,  or  made  black  by  oxides  of  manganese  and 
,or  oxide  of  tin  is  added  to  the  materials  of  the  glaze,  to  i 
it  white  and  opaque.     The  patterns  on  ordinary  ear 
are  generally  first  printed  upon  tissue  paper,  in  an  oily  com|l 
sition,  from  an  engraved  plate  of  copper,  and  afterwards 
/erred  by  applying  the  paper  to  tlie  surface  of  the  biscuit  ^ 
to  wliich  the  colour  adheres.     The  paper  is  afterwards  rcn 
by  a  wet  sponge.     The  fusion  of  the  colouring  matters 
place  with  that  of  the  glaze,  which  is  subsequently  appUr^l 
the  second    firing.     The  prevailing  colours   of   these  paC 
are  blue  from  oxide  of  cobalt,  green  from  oxide  of  chromic 
and  pink  from  that  compound  of  oxide  of  tin,  limc»  and  a 
quantity  of  oxide  of  chromium,  known  as  pink  cohnr. 
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GLUCINUM,   YTTBIUM,  THORIUM,   ZIRCONIUM. 

GLUCINUM. 

Eg.    331.3  or  26.54;  G. 

The  oompounds  of  this  metal  have  a  considerable  analogy  to 
hoie  of  aluminum.  Glucinum  is  obtained  from  its  chloride, 
rhidi  is  decomposed  in  the  same  manner  as  that  of  aluminum. 
fUi  metal  is  fusible  with  great  difficulty,  not  oxidable  by  air  or 
nter  at  the  usual  temperature,  but  it  takes  fire,  in  oxygen,  at 
iredheat,  and  bums  with  a  vivid  light.  It  derives  its  name 
kmn  yXvKvsj  sweet,  in  allusion  to  the  sweet  taste  of  tlie  salts  of 
li  oxide  glucina. 

Oluema  (G^  O3)  is  a  comparatively  rare  earth,  but  is  con- 
■Md  to  the  extent  of  13^  per  cent  in  the  emerald  or  beryl,  of 
riadi  specimens  that  are  not  transparent  or  crystallized,  can  be 
procured  in  considerable  quantity.  To  decompose  this  mineral, 
wtiA  is  a  silicate  of  glucina  and  alumina,  it  must  be  reduced  to 
B  extremely  fine  powder,  the  grosser  particles  which  fall  first 
riien  the  powder  is  suspended  in  water,  being  submitted  again 
Id  pulverization,  and  the  powder  fused  with  3  times  its  weight 
if  eubonate  of  potash.  The  calcined  mass  is  moistened  with 
viter,  and  then  treated  with  hydrochloric  acid,  added  in  small 
portions  till  it  is  in  excess.  The  potash,  alumina  and  glucina 
m  tkiiB  converted  into  chlorides,  and  dissolved.  The  solution 
ii  evented  to  dryness  on  a  water-bath,  and  the  residue  acidu- 
ktod  by  a  few  drops  of  hydrochloric  acid :  the  silica  remains 
ttdisscdved.  The  alumina  and  glucina  are  afterwards  pred- 
fitafeed  together  from  the  solution,  by  ammonia;  and  after 
kbgwell  washed,  but  without  being  dried,  the  mixt  oxides 
■TO  digested  in  a  large  quantity  of  carbonate  of  ammonia,  which 
Us8  up  the  glucina  without  touching  the  alumina.  The  liquor 
^  filtered,  and  the  carbonate  of  ammonia  being  then  expelled 
fiom  it  by  ebullition,  carbonate  of  glucina  precipitates.  The 
>lithy  carbonate  is  ignited,  and  leaves  glucina  in  the  state  of 
I  white  and  light  powder,  tasteless,  infusible,  insoluble  in  water 
md  ammonia,  but  soluble  in  potash  and  soda.  Its  density  is 
iearly  S.  It  is  distinguished  from  alumina,  by  forming  a  car- 
ooatey  and  being  soluble,  when  freshly  precipitated,  in  a  cold 
Dlnticm  of  carbonate  of  ammonia. 
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Glucina  combines  with  sulphuric  acid  in  seyeral  proportioDi, 
forming  a  bisulphate  (2  G,  O,,  6SO3),  which  is  crystaUis&bk,i 
neutral  sulphate  (G,  O3,  dSO,),  which  may  be  obtuned  in  ioIq* 
tion,  a  soluble  subsalt,  G^  O3, 2SO3,  and  an  insoluble  sabnh, 
G^  03,803. 

Emerald  or  beryl  is  a  silicate  of  the  composition  exprened 
by  Ga  O3,  4Si  O3  +  2  (Al^  O3,  2Si  O3).  This  mineral  crystaliin 
in  six-sided  prisms,  which  are  very  hard.  When  coloured  gm 
by  oxide  of  chromium  it  forms  the  true  emerald,  and  when» 
lourless  and  transparent  aqua  marina^  which  are  both  ranU 
among  the  precious  stones.  The  density  of  the  emerald  is  Sil 
to  2.732. 

Euclase  is  also  a  silicate  of  glucina  and  alumina^  63  O3,  SSiO^ 
+  2(2A1  O3,  Si  O3).  It  is  a  very  rare  mineral,  which  crystalliiei 
in  limpid,  greenish  prisms. 

Chrysoberylj  one  of  tlie  finest  of  the  gems,  consists  essentiiDy 
of  1  atom  of  glucina  combined  with  6  atoms  of  alumina,  G,0^ 
6AI2  O3. 

YTTRIUM. 
Eg.     402.5  or  32.25  ;  Y. 

Tlic  earth  yttria  was  discovered  in  17^*>  ^Y  Gadolin,  ini 
mineral  from  Ytterby  in  Sweden,  which  is  now  called  gadolinitB. 
It  has  since  been  found  in  several  other  minerals,  but  all  of 
which  are  exceedingly  rare.  The  metal  was  isolated  from  ill 
chloride  by  Wohler,  precisely  in  the  same  manner  as  the  ti* 
preceding  metals.  It  is  of  a  darker  colour  than  these  metili^ 
and  in  oxidability  resembles  glucinum. 

Yttria  is  considered  a  protoxide,  YO.  Its  density  is  ercs 
greater  than  barytcs,  being  ^1.842.  It  is  absolutely  insoluble  is 
the  caustic  alkalies,  is  precipitated  by  yellow  prussiate  of  po- 
tash, and  its  sulphate  and  some  others  of  its  salts  have  an  amo* 
thystine  tint,  properties  which  distinguish  it  from  the  preceding 
earths. 

THORIUM. 

Eq.     744.9  or  59.88;  Th. 

This  element  was  discovered  by  Berzelius,  in  1824,  in  1 
black  niiacnil,  like  obsidian,  since  called  thorite^  from  the  cotft 
of  the  North  Sea.  This  mineral  contains  57  per  cent  of  tho- 
rina.     This  element   has   been  named  from  the  Scandiuavim 
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ThofT.  The  metal  was  obtained  from  the  chloride,  and 
ited  a  general  resemblance  to  aluminum.  Like  yttrium, 
ma  in  oxygen  with  a  d^^ree  of  brilliancy  which  is  quite 
mdoiary ;  the  resulting  oxide  does  not  exhibit  the  slightest 
of  fusion. 

9rma  is  considered  a  protoxide,  Th  O.  Its  density  is 
t  and  therefore  superior  to  that  of  all  other  earths.  It  re- 
les  yttria  in  being  insoluble  in  alkalies,  but  differs  from 
sarth  in  the  peculiar  property  of  its  sulphate,  to  be  preci- 
d  by  ebullition,  and  to  redissolve  entirely,  although  in  a 
manner,  in  cold  water.  Its  sulphate  also  forms  a  double 
dth  sulphate  of  potash,  which  dissolves  in  water,  but  is 
ible  in  a  liquor  saturated  with  sulphate  of  potash. 


ZIRCONIUM. 
Eg.  420.2  or  33.67 ;  Zr. 

tonium  is  obtained  by  heating  the  double  fluoride  of  zir- 
m  and  potassium,  widi  potassium,  in  a  glass  or  iron  tube, 
irowing  the  cooled  mass  into  water,  the  zirconium  remains 
;  form  of  a  black  powder,  very  like  that  of  charcoal.  It 
ins  an  admixture  of  hydrate  of  sirconia,  which  may  be 
niwn  from  it  by  digestion  in  hydrochloric  acid,  at  104" 
ent.)  The  zirconium  is  afterwards  washed  with  sal  am- 
ic  to  remove  completely  chloride  of  zirconium,  and  then 
alcohol  to  withdraw  the  sal  ammoniac.  If  washed  with 
irater,  it  is  apt  to  pass  through  the  filter.  Aflor  being  thus 
d,  the  powder  assumes,  under  the  burnisher,  the  lustre  of 
and  is  compressed  into  scales  which  resemble  graphite. 
I  heated  in  air  it  takes  fire  below  redness.  It  is  very 
ly  attacked  by  either  alkalies  or  acids,  with  the  exception 
drofluoric  acid,  which  dissolves  it  with  evolution  of  hydro- 

I  constitution  of  zirconia  is  not  certainly  known,  but  it  is 
ad  to  be  analogous  to  that  of  alumina,  Zr,  O,.  It  was 
recognised  as  a  peculiar  earth  by  Klaproth  in  1781),  who 
wed  it  in  the  zircon  of  Ceylon,  a  silicate  of  zirconia,  which 
I  fbond  in  the  syenitic  mountains  of  the  south-east  side  of 
ly.    The  hyaemth  is  the  same  mineral  of  a  red  colour; 

M  M 


528  MANGANESE. 

it  is  found  in  volcanic  sand  at  Expailly  in  France,  in  Cf 
and  some  other  localities.  The  earth  is  obtained  fron 
mineral;  which  is  more  difficult  of  decomposition  than 
others,  by  processes  for  which  I  must  refer  to  Ber 
(Traits,  t.  1,  p.  325).) 

Zirconia  is  a  white  earth,  like  alumina  in  appeanm 
density  4.3.  Its  hydrate,  after  being  boiled,  is  solubk 
difficulty  in  acids.  When  heated  it  parts  with  its  water, 
wards  glows  strongly,  from  a  discharge  of  heat,  becomes 
and  less  susceptible  of  being  acted  on  by  reagents.  It  fc 
carbonate.  When  once  separated  from  its  combination 
insoluble  in  carbonate  of  potash  or  soda,  but  dissolves  ii 
in  the  nascent  state.  The  salts  of  zirconia  have  a  pun 
tringent  taste.  It  agrees  with  thorina  in  being  precip 
when  any  of  its  neutral  salts  are  boiled  with  a  solution  < 
phate  of  potash. 


ORDER  IV. 

MRTAI.S   PROPER   HAVING   PROTOXIDES   ISOMORPHOUS  W 
MAGNESIA,   WITH  BISMUTH. 

SECTION    I. 

MANGANESE. 

Eq.  345.9  or  27-72  ;  Mn. 

This  element  is  found  in  the  ashes  of  plants,  the  b< 
animals,  and  in  many  minerals,  of  which  that  employed 
preparation  of  oxygen  is  one  of  the  richest.  The  blac 
of  manganese  was  long  known  as  magnesia  niyra^  from  a 
relation  to  magnesia  alba,  but  was  first  thoroughly  stui 
Scheele  in  177-^^  aiid  by  Gahn  immediately  afterwani 
obtained  from  it  the  metal  now  named  manganese. 

From  its  strong  affinity  for  oxygen  and  the  very  high 
rature  which  it  requires  for  fusion,  manganese  is  one 
metals  proper,   which  is  reduced  and  fused  into  a  butti 
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the  greatest  difficulty.  Hydrogen  and  charcoal,  at  a  red  heat, 
leduoe  the  superior  oxides  of  this  metal  to  the  state  of  pro- 
tndde,  without  eliminating  the  pure  metal  at  that  temperature; 
hi  at  a  white  heat,  charcoal  deprives  this  metal  of  its  whole 
oxygen.  The  following  process  is  recommended  by  M.  John  for 
the  redaction  of  manganese :  it  illustrates  the  chief  points  to  be 
Mtended  to  in  the  reduction  of  the  less  tractable  metals.  Instead 
«f  a  native  oxide,  an  artificial  oxide  of  manganese,  obtained  by 
tdennng  the  carbonate  in  a  well  closed  vessel,  is  operated 
H»n.  This  oxide,  which  is  preferred  from  being  in  a  higli 
Thte  of  division,  is  mixed  with  oil  and  ignited  in  a  covered 
'flndble,  so  as  to  convert  the  oil  into  charcoal.  After  several 
VBpetitions  of  this  treatment,  the  carbonaceous  mass  is  reduced 
to  powder,  and  made  into  a  firm  paste  by  kneading  it  with  a 
Ittle  oil.  Finally  this  paste  is  introduced  into  a  crucible  lined 
irith  charcoal  (creuset  brasqu^),  the  unoccupied  portion  of  which 
T»  filled  up  with  charcoal  powder.  The  crucible  is  first  heated 
merely  to  redness  for  half  an  hour,  to  dry  the  mass  and  decom- 
pose the  oil,  after  which  its  cover  is  carefully  luted  down,  and 
it  is  exposed  for  an  hour  and  a  half  to  the  most  violent  heat  of 
a  wind-furnace,  that  the  crucible  itself  can  support  without 
Vidergoing  fusion.  The  metal  is  obtained  in  the  form  of  u 
temiglobular  mass  or  button  in  the  lower  ]mrt  of  the  crucible, 
W  not  quite  pure,  as  it  contains  traces  of  carbon  and  silico;! 
feived  from  the  ashes  of  the  charcoal.     By  igniting  the  metal 

•  second  time  in  a  charcoal  crucible,  with  a  portion  of  ])orax, 
John  obtained  it  more  fusible  and  brilliant,  and  sq  free  from 
dMUPcoal,  that  it  lefl  no  black  powder  when  dissolved  in  an 
add. 

Manganese  is  a  greyish  white  metal  having  the  appearance  of 
bud  cast  iron.  Its  density  according  to  John  is  8.013;  while 
V.  Berthier  finds  it  to  be  7*05,  and  Bergman  made  it  G.850. 
*Rom  its  close  resemblance  to  iron,  manganese  may  be  expected 

•  be  susceptible  of  magnetism,  but  its  magnetic  powers  are 
'^kabtfiil.  Peclet  has  endeavoured  to  show  that  manganese  can 
^mme  and  preserve  magnetic  polarity  from  the  temperature 
•M*  up  to  70"»  but  that  it  loses  it  again  at  higher  temperatures. 
llje  small  diflFerenoe  between  the  atomic  weights  of  iron,  man- 
Iteie,  cobalt  and  nickel,  which  are  respectively  339.2,  345.9, 
^69  and  369.9,  is  remarkable,  attended  as  it  is  by  a  great  ana- 
logy between  these  metals  in  many  other  respects. 

M  M  2 
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Manganese  oxidates  readily  in  our,  soon  falling  down  ts 
powder ;  in  water  it  occasions  a  disengagement  of  hydroj 
It  is  best  preserved  in  naphtha,  like  potasnumy  or  gv\ 
cury.  Manganese  possesses  five  degrees  of  oxidation^  w 
intermediate  or  compound  oxides. 

OXIDES   OP    MANGANB8B. 

Protoxide  or  manganous  oxide  MnO. 
Deutoxide  or  manganic  oxide     Mn^  O3. 
Peroxide         ,        .         .         .  MnO«. 


Red  oxide 
Varvicite 
Manganic  acid 
Hypermanganic  acid 


Mn3  04,orMnO+Mi 

Mn^OyjOrMnaOj+J 

MnOj. 

Mn^Oy. 


Protoxide  of  manganesej  Manganous  oxide ;  Mn  O^  4 
35.72. — ^This  is  the  oxide  existing  in  the  ordinary  salts  i 
ganese,  which  are  isomorphous  with  the  salts  of  mi 
It  may  be  obtained  by  fusing  at  a  red  heat  in  a  platini 
cible^  a  mixture  of  equal  parts  of  pure  chloride  of  mai 
and  carbonate  of  soda^  with  a  smidl  quantity  of  sal  ami 
By  the  reaction  between  the  first  mentioned  salts,  chlo 
sodium  is  produced  and  carbonate  of  manganese,  whicli 
composed  at  a  red  heat,  leaving  the  protoxide  of  thai 
The  hydrogen  of  the  sal  ammoniac  reduces  to  the  state  0 
oxide,  at  the  same  time,  any  peroxide  which  may  be  for 
absorption  of  oxygen  from  the  air.  Any  one  of  the  a 
oxides  of  manganese,  in  the  state  of  a  fine  powder,  may 
verted  into  protoxide  by  transmitting  hydrogen  gas  ovc 
a  porcelain  tube  at  a  red  heat ;  the  peroxide  obtained  by  i 
the  nitrate  of  the  protoxide  of  manganese  is  recommei 
Dr.  Turner  as  the  most  easily  deoxidated.  The  protc 
manganese  is  a  powder  of  a  greyish  green  colour,  more 
deep.  When  obtained  by  means  of  hydrogen  at  a  low 
rature,  it  absorbs  oxygen  from  the  air,  soon  becoming 
throughout  its  whole  mass,  and  is,  indeed,  sometimes 
phonis;  but  when  prepared  by  hydrogen  at  a  high  temp 
or  prepared  by  means  of  an  alkali,  this  oxide  is  pen 
It  dissolves  readily  in  acids,  and  is  a  strong  base.  Tl 
alkali  is  added  to  a  solution  of  its  salts,  protoxide  of  nuu 
is  prccipitited  white,  as   a  hydrate,  which  immediately  i 
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ijgen  from  the  air  and  becomes  brown ;  collected  on  a  filter 
id  washed^  it  ends  by  changing  into  a  blackish  brown  powder, 
Udiis  the  hydrate  of  the  deutoxide.  A  similar  change  is  in- 
tntaneously  produced  by  the  action  of  chlorine-water  upon 
N  white  hydrate,  or  by  the  addition  of  chloride  of  lime  to  a 
lit  of  the  protoxide  of  manganese,  but  then  the  hydrated  pe« 
node  is  formed.  Protoxide  of  manganese  resembles  magnesia 
id  protoxide  of  iron,  in  being  precipitated  by  ammonia  only 
ipvt. 

Its  salts  are  sometimes  colourless,  but  more  generally  of  a 
de  rose  tint,  which  has  been  ascribed  to  a  trace  of  manganic 
id.  But  as  the  rose  tint  is  not  destroyed  by  sulphuretted 
fdrogen,  it  must  be  considered  as  a  peculiar,  although  only 
xasional,  character  of  manganous  salts,  (p.  152).  Solutions  of 
0  nits  of  manganese  containing  a  strong  acid  in  excess,  are 
It  precipitated  by  sulphuretted  hydrogen. 
Pniomlpkuret  of  manganese  may  be  procured  in  the  dry 
qr,  by  heating  a  mixture  of  deutoxide  of  manganese  and 
Iphur.  Sulphurous  acid  is  disengaged,  and  a  green  powder 
Dsins,  which  dissolves  in  acids  with  disengagement  of  sulphu- 
tted  hydrogen.  The  same  compound  is  obtained  in  the 
mid  way,  when  acetate  of  manganese  is  decomposed  by  sul- 
metted  hydrogen,  or  a  manganous  salt  precipitated  by  an 
nfine  sulphuret.  The  precipitate  is  hydrated,  and  of  an 
lage  colour.  When  the  protosulphate  of  manganese  is  dc- 
Duposed  by  hydrogen  at  a  red  heat,  it  affords  an  oxisul- 
niet. 

Pnaochloride  of  manganese;  MnCl+4HO;  788.5+450  or 
.19+36.  This  salt  crystallizes  in  thick  tables,  which  are 
long  and  quadrilateral,  of  a  rose  colour,  is  very*  soluble  in 
tar  and  slightly  deliquescent.  The  residuary  liquid  in  pre- 
ing  chlorine,  by  dissolving  peroxide  of  manganese  in  hydro- 
oiic  add,  consists  of  chloride  of  manganese  contaminated  by 
ortion  of  perchloride  of  iron.  To  remove  the  latter  and 
un  a  pure  chloride  of  manganese,  the  solution  should  be 
led  down  considerably,  to  expel  the  excess  of  acid,  diluted 
ffwards  with  water  and  boiled  again  with  carbonate  of  man- 
BMy  which  salt  precipitates  the  whole  peroxide  of  iron, 
ling  chloride  of  manganese  with  its  acid  (Mr.  Everitt).  If 
at  one  fourth  of  the  impure  solution  of  chloride  of  manga- 
» be  fcaerred,  and  precipitated  by  carbonate  of  soda,  a  quaii- 


maae  annyarous  at  a  nigner  lemperanire.     israimes 
'i  jMurts  of  water  to  dissolve  at  SO®,  38.3  ;  at  88%  46.2 ; 

j  55  parts  of  the  anhydrous  salt.    A  higher  temperatui 

of  increasing  the  solubility  of  this  salt  diminishes  it. 
alcohol  dissolves  half  its  weight  of  the  anhydrous   c 
manganese^  and  affords  by  evaporation  in  vacuo^  a  c 
alcoate,  containing  two  equivalents  of  alcohoL 
I  The  corresponding  fluoride  of  manganese  forms  a  di 

with  fluoride  of  silicon,  which  is  very  soluble  in  water 
tallizes  in  long  regular  prisms  of  six  sides.    The  f 
'•  this  double  salt  is,  after  Berzelius,  2Si  Fj  +  SMn  F+2: 

\l  Carbonate    of   manganese    is    a    white    insoluble 

'  which  acquires  a  brown  tint  when  exposed  in  the  dr 

140^     It  is  decomposed  by  a  red  heat.     Carbonate  o 
nese  occurs  in  the  mineral   kingdom^   but  never  in  i 
vi  purity,  being  mixed  with  the  carbonates  of  Ume  and  in 

''  have  the  same  crystalline  form.     Its  presence  in  spatl 

nate  of  iron  is  said  to  be  the  cause,  why  the  latter 
iron  peculiarly  adapted  for  tlie  manufacture  of  steel. 

Protomlphate  of  manganese  ;  Mn  O,  SO3  -f  7 HO. — I 
of  this  salt  used  in  dyeing  and  entirely  free  from  iron 
pared  by  igniting  the  peroxide  of  manganese  mixed  w 
one-tenth  of  its  weight  of  pounded  coal,  in  a  gas  ret 
protoxide  thus  formed  is  dissolved  in  sulphuric  add, 
,  .  addition  at  the  end  of  a  little  hydrochloric  acid ;  the  si 

I  ^  evaporated  to  dryness  and  heated  again    to  redness  i 

retort.     The  iron  is  found  after  ignition  in  the  state  of 
and  insoluble,  the  persulphate  of  iron  being  dccomDOS< 


'.!" 
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oe  by  passing  the  cloth  through  a  solution  of  chloride  of  lime, 
le  colour  thus  produced  is  called  manganese  brown. 
Crystallised  under  42%  the  sulphate  of  manganese  gives  crys- 
b  containing  7 HO,  which  have  the  same  form  as  sulphate  of 
A.  The  crystals  which  form  between  45''  and  68"*,  contain 
f  O,  and  are  isomorphous  with  the  sulphate  of  copper.  By  a 
j^  temperature,  from  68°  to  86%  a  third  set  of  crystals  are 
itained,  which  contain  4HO,  their  form  is  a  right  rhombic 
inn.  The  sulphate  of  iron  and  other  sulphates  also  assume  the 
Be  form  (Mitscherlich).  This  salt  loses  3HO  at  240%  but 
taios  1  eq.  even  at  400°,  like  the  other  magnesian  sulphates. 
'.  Kuhn  finds,  that  when  a  strong  solution  of  the  sulphate  of 
laganeseis  mixed  with  sulphuric  acid  and  evaporated  by  heat, 
giruiular  salt  is  precipitated,  which  contains  only  one  equiva- 
Bt  of  water.  This  sulphate  also  forms  a  double  salt  with  sul- 
ttte  of  potash,  which  contains  6HO.  The  anhydrous  salt  is 
hble,  according  to  Brandes,  in  2  parts  of  water  at  59",  in  1 
lit  at  122^;  but  above  the  latter  term,  the  salt  becomes  less 
hble.     It  is  insoluble  in  alcohol. 

Efffom^hate  of  manganese  (page  335),  is  obtidned  by 
iporation  as  a  deliquescent  saline  mass.  The  peroxide  of 
npnese  used  in  preparing  it,  should  be  previously  tseated 
Ekh  nitric  acid,  to  dissolve  out  the  hyd  rated  oxide,  and  be 
ell  washed.  The  oxalate  of  manganese^  is  a  highly  insoluble 
It  Tlie  acetate  is  soluble  in  3^  parts  of  cold  water,  and  also 
L  alcohol.  The  bitartrate  of  potash  dissolves  protoxide  of 
■nganese,  and  forms  a  very  soluble  double  salt,  the  tartrate 
^potash  and  manganese,  which  can  be  obtained,  although  with 
ifficolty,  in  regular  crystals. 

DeiUoxide  ofmanganese.  Manganic  oxide  ;  Mn,  O3 ;  991.8  or 
)M*  This  oxide  is  left  of  a  dark  brown,  almost  black  colour, 
hea  the  nitrate  of  the  protoxide  is  gently  ignited.  It  also 
curs  crystallized  in  the  mineral  kingdom,  although  rarely;  its 
aaty  is  4.818,  and  it  is  named  braunite  as  a  mineral  species. 
le  hydrate  of  manganic  oxide  is  formed  by  the  oxidation  in 
of  the  manganous  hydrate.  The  manganic  hydrate  also  fre- 
endy  occurs  in  nature  of  a  black  colour,  both  crystallized  and 
oiphous,  and  is  often  mixed  with  the  peroxide  of  manganese, 
constitutes  the  mineral  species  manganite^  of  which  the  den- 
r  is  4.3  to  4.4,  and  the  formula  Mn^  O3,  IIO.    This  oxide 
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deutoxide  of  manganese  to  the  state  of  protoxide,  witfa 
of  oxygen  gas, 

Sesquichloride    qf  manganese    (Mn,  CI3)    is  fom 
the  deutoxide  is  dissolved  in  hydrochloric  acid  at  a  h 
rature.    The  solution  is  yellowish  brown  or  black,  ao 
its  degree  of  concentration,  and  is  decomposed  by  a 
vation  of  temperature,  with  evolution  of  chlorine, 
ponding  sesquifluoride  may  be  crystallised. 

Sesquicyanide  qf  manganese. — ^A  compound  of  this 
formed,  when  the  protacetate  of  manganese  is  m 
hydrocyanic  acid  in  excess^  then  neutralised  with  p 
evaporated ;  by  tlie  absorption  of  oxygen,  the  mangi 
nide  is  changed  into  hydrated  manganic  oxide  and 
cyanide,  which  last  combines  with  cyanide  of  potas 
appears,  on  the  cooling  of  a  concentrated  solutioi 
crystals,  which  dissolve  easily  in  water,  (Mitscherli^ 
salt  is  analogous  to  red  prussiate  of  potash,  containin 
nese  instead  of  iron,  and  may,  therefore,  be  repn 
containing  manganicyanogen — a  manganicyanide  qf  ^ 
Ks  +  CM^Cy^).  As  a  double  cyanide,  its  formula 
3KCy+Mna  Cy^ 

Red   oxide    qf  manganese^     Mn  O,  Mn^,  O3,     i 
Berselius  manganoso-manganic  oxide,  is  produced   at 
when  any  oxide  of  manganese  is  heated  strongly  in 
a  double  oxide,   being  a  compound  of  single  equi' 
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plofed  in  the  {Hvparation  of  oxygen  and  chlorine.  It  generally 
iMam  maanve,  of  an  earthy  appearance,  and  contaminated 
ffifk  Tuious  substances  such  as  peroxide  of  iron,  silica  and 
Mbonate  of  lime ;  but  sometimes  of  a  fibrous  texture,  consist- 
Bg  of  small  prisms,  radiating  from  a  common  centre.  Its  den- 
itj  Taiies  firom  4.819  to  4.94  ;  as  a  mineral  species  it  has  been 
waed  pyrohmie.^  Another  important  variety  of  this  ore, 
bo«m  as  wadj  is  essentially  a  hydrate,  containing  1  eq.  of 
■star  to  2  eq.  of  peroxide,  according  to  Dr.  Turner.  A  hy- 
Infesd  peroxide,  consisting  of  single  equivalents  of  its  consti- 
liBBls,  is  formed  by  precipitating  the  protosalts  of  manganese 
bftihioride  of  lime;  and  the  same  compound  results  from  the 
iNomposition  of  the  acids  of  manganese,  when  diluted  with 
Htar  or  an  acid.  It  is  possible  that  the  equivalent  of  this  oxide 
ikniU  be  doubled,  and  that  its  proper  formula  is  Mn2  04, 
Borresponding  with  peroxide  of  chlorine,  CI  O4. 

Hie  peroxide  of  manganese,  loses  one  fourth  of  its  oxygen  at 
ilowied  heat  and  is  changed  into  deutoxide  ;  by  the  effect  of  a 
bq[ht  red  heat  it  loses  more  oxygen,  and  becomes  red  oxide, 
db  condition  into  which  all  the  oxides  of  manganese  pass  when 
tBitod  strongly  in  the  open  air.  The  peroxide  does  not  unite 
riHier  with  adds  or  with  alkalies.  When  boiled  with  sulphuric 
Mid  it  yields  oxygen  gas  and  a  sulphate  of  the  protoxide.  In 
bfdrochloric  acid  it  dissolves  with  gentle  digestion,  evolving 
ddorine  gas,  and  forming  protochloride  of  manganese,  (page 
K7)«  It  is  extensively  used  in  the  arts  for  preparing  chlorine, 
iki  also  to  preserve  glass  colourless  by  its  oxidating  action. 
b  the  last  application,  it  is  added  to  the  vitreous  materials  in  a 
idativdy  small  proportion,  and  becomes  protoxide,  which  is  not 
tedoaring  oxide,  while  as  deutoxide  it  would  stain  glass  purple. 
At  the  same  time  it  destroys  carbonaceous  matter,  and  converts 
IMoxide  of  iron,  which  colours  glass  green,  into  peroxide 
vlndi  is  less  injurious. 

The  mineral  varviciie  was  discovered  by  Mr.  Phillips  among 
>DM  ores  of  manganese  from  Hartshill  in  Warwickshire.  It  is 
diitinguished  from  the  peroxide  by  being  much  harder,  having 
*Mof  a  lamellatcd  structure,  and  by  yielding  water  freely 
^^  heated  to  redness.     Its  density  is  4.531.     It  may  be  sup* 

*  From  wvp,  fire,  and  \it^,  I  wash,  in  allusion  to  its  being  employed  to 
^*cWge  the  brown  and  green  tints  of  glass. 
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posed  to  consist  of  1  eq,  of  deutoxide,  and  2  eq.  of 

with  1  eq.  of  water  (Dr.  Turner) ;  its  fortnula  is,  therefare^ 

Mn^Oj,  Mn^O^  +  HO, 

VALUATION  OF  PEROXIDE  OP  MANGANESE. 

The  numerous  applications  of  the  higher  oxides  of  mans 
depending  upon  the  oxygen  which  they  can  ftirnish,   rei] 
important  to  have  the  means  of  estimating  expeditiously^ 
without  difficulty  their  value  for  such  purposes.     The  raid 
these  oxides  is  exactly  proportional  to  the  quantity  of  chid 
which  they  produce,  when  dissolved  in  hydrochloric  acid,1 
the  chlorine  can  be  estimated  by  the  quantity  of  protosul] 
of  iron,  which  it  peroxidises.     Of  pure  peroxide  ofmang 
545.9  parts  (I  eq.)  produce  442:6  parts  of  cidorine,  which] 
oxidise  3456  parts   (2  eq.)   of  crystallized  protosulphate  of 
(page  502),     Hence  50  grains  of  peroxide  of  manganese 
chlorine  sufficient  to  peroxidise  SiJ  grains  (more  exactly  5fC 
grs.)  of  protosulphate  of  iron. 

Fifty  grains  of  the  powdered  oxide  of  manganese  to ' 
amined  are  weighed  out,  and  also  any  known  quantity,  noH 
than  3 1 J  grains,  of  the  sulphate  of  iron  (copperas)  emph 
chlorimetry.     The  oxide  of  manganese  is  thrown  into  a 
containing  an   ounce  and  a  lialf  of  strong  hydrochloric 
diluted    with   half    an    ounce    of   water,    and    a  gentle 
applied.      The   sulphate  of  iron  is   gradually  added    in 
quantities  to  the  acid,  so  as    to    absorb  the  chlorine  as 
evolved^  and  the  addition  of  that  salt  continued  till  the  Uq 
after  being  heated,  gives  a  blue  precipitate  with  the  Ttil  pnt« 
of  potxish,  and  has  no  smell  of  chlorine,  which  are  indie 
that  the  protosulphate  of  iron  is  present  in  excess.     Uy 
ing  what  remains  of  the  sulphate  of  iron,  the  quantity  add 
ascertained;    say  m  grains.      If    the    whole    n 
peroxide,  it  would  require   31/    grains  of  sidphat 
that  quantity  would,  therefore,  indicate  100  per  cent  of  percMoA  , 
in    the  specimen;    but  if  a  portion  of  the  mn 
peroxide,  it  will  consume  a  proportionally  sm:* 
tlie  sulphate,  which  quantity  will  give  the  proportion  of  I 
peroxide,   by  the  proportion  :  as  317  :  100  ::  m  :   per 
required.     The  per  centage   of  peroaddc  of  manganese  ii 
obiiuned  by  multiplying  the  number  of  grainsi  of  sulf 
iron  peroxidised,  by  U.317* 
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t  also  follows  that  the  per  centage  of  chlorine^  which  the 
e  ^ecimen  of  manganese  would  afford,  is  obtained  by  mul- 
iring  the  number  of  grains  of  sulphate  of  iron  perozidised  by 


langwuc  add;  Mn  O,;  645.9  or  51.72^ — When  peroxide  of 
iguiese  is  strongly  ignited  with  hydrate  or  carbonate  of 
ish  in  excess,  manganic  acid  is  formed,  under  the  influence  of 
ilkaliy  together  with  a  lower  oxide  of  manganese.  Ignition 
pen  vessels  or  with  an  admixture  of  nitrate  of  potash,  in- 
SQS  the  production  of  the  acid,  by  the  absorption  of  oxygen 
di  tlien  occurs.  The  product  has  long  been  known  as 
V«I  ehameUum^  from  the  property  of  its  solution,  which  is 
n  at  first,  to  pass  rapidly  through  several  shades  of  colour, 
a  more  convenient  process  for  preparing  manganate  of  potash 
lat  recommended  by  Dr.  Gregory.  He  mixes  intimately  4 
IS  of  peroxide  of  manganese  in  fine  powder  with  3^  parts  of 
iffBte  of  potash,  and  adds  them  to  5  parts  of  hydrate  of 
ish  dissolved  in  a  small  quantity  of  water.  The  mixture  is 
porated  to  dryness,  powdered,  and  afterwards  ignited  in  a 
xnnm  crucible,  but  not  fused,  at  a  low  red  heat.  Digested 
\  smali  quantity  of  cold  water,  this  affords  a  deep  green  solu- 
I  of  the  alkaline  manganate,  which  may  be  obtained  in  crys- 
of  the  same  colour  by  evaporating  the  solution  over  sul- 
iric  acid  in  the  air-pump.  The  manganates  were  discovered 
llitscherlich  to  be  isomorphous  with  the  sulphates  and  chro- 
M.  It  has  not  yet  been  found  possible  to  isolate  manganic 
L  Its  salts  in  solution  readily  undergo  decomposition, 
M  an  excess  of  alkali  be  present ;  and  arc  also  destroyed  by 
tact  of  organic  matter  such  as  paper. 

Ijipermanganic  acid,  Mn^O^ ;  1391.8,  or  11 1.44. — When  the 
m  solution  of  manganate  of  potash,  prepared  as  above  di- 
;ed,  is  diluted  with  boiling  water,  hydrated  peroxide  of  man- 
ese  subsides,  and  the  liquid  becomes  of  a  beautiful  pink  or 
et  colour.  The  manganic  acid  is  resolved  into  peroxide  of 
iganese  and  hypermanganic  acid  : 

3Mn  O3  =  Mn  O,  and  Mn^  O7. 

I  bypermanganate  of  potash  should  be  rapidly  concentrated, 
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without  contact  of  organic  matt^fj  and  allowed  to  ciyi 
The  crystals  are  of  a  dark  purple  colour^  almost  blacky  and  aolnUe 
in  sixteen  times  their  weight  of  cold  water  ;  they  were  fouu 
Mitscherlich  to  be  isomorphous  with  hyperchlurate  of  ; 
The  hypermanganates  give  out  oxygen  when  heated,  and  are 
reconverted  into  manganates.  Tlieir  solutions  have  a  rich  ] 
pie  colour,  and  are  so  stable  that  they  may  be  boiled,  if  < 
centrated,  A  small  portion  of  a  hypermanganate  imp 
purple  colour  to  a  very  large  quantity  of  water. 

The  insoluble  manganate  of  barytes  may  be  formed  by  1 
peroxide  of  manganese  with  nitrate  of  barytes ;  and  when  : 
with  a  little  water^  and  decomposed  by  an  equivalent  quant 
sulphuric  acid,  affords  free  hypermanganic  acid.     In  Mit 
hch's  experiments,  the  free  acid  appeared  to  be  a  body! 
more  stable  than  peroxide    of  hydrogen,   being    decomp 
between  BG^  and  101^,  with  the  escape  of  oxygen  gaa  and] 
cipitation  of  hydrated  peroxide   of    manganese.      It  ble 
powerfully,  and  was  rapidly  destroyed  by  all  kinds  of 
matter.     M.   Huenefekl,  on  the  other  hand,  obtained 
manganic  acid  in  a  state  in  which  it  could  be  prescn'cd,  ef 
rated,  redissolved,  &c.     He  washed  the  manganate  of 
with  hot  water,  by  which  it  is  resolved  into  peroxide  of  i 
ganese  and  hypermanganate  of  potash,  and  then  added  to  it  11 
quantity  of  phosphoric  acid  exactly  necessary  to  neutralise  1 
barytes.     The  liberated  bjrpermanganic  acid  was  dissolved  < 
evajiorated  to  dryness,  and   by  a  second  solution  and  * 
tion,  obtained  in  the  form  of  a  reddish  brown  mass, 
and   radiated,  which  exhibited   the  lustre  of  indigo  «ft 
points,  and  was  entirely  soluble  in  water.     When  dry  i 
manganic  acid  was  fiised  in  a  retort  with   anhydrous  sujj 
acid,  and  afterwards  distilled  by  a  higher  temperature,  an  i 
sublimate,  of  a  crimson  red  colour  was  obtained,  which  ap 
to   be  a  combination  of  hypermanganic  and  sulphuric 
(Berzelius^s  Trait^,  i.  522.) 

Hyperchloride  of  manganese,,  Mn^Cl^^is  a  grecnifth  ydloir| 
which   condenses   at  zero   into  a  liquid  of  a  greenidi 
colour.     This  liquid  diffuses  purple  fumes,  owing  to  the  I 
tion  of  hydrochloric  and  hy^iermanganic  acids,  by  tlic  < 
position  of  the  moisture  of  the  air.     It  was  formed  by 
by  dissolving  the  manganate  of  potash  in  oil  of  viliiol, 
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^    fkfwcin&m  into  a  tubulated  retort,  and  adding  by  degrees 

f    ifMD  poitioM  of  fused  chloride  of  sodium  or  potassium,  that 

f:  hf  sdt  completely  free  from  water.       The   hyperchloride  of 

I'-  SMiganese  is  the  result  of  a  reaction  between  the  liberated 

f-  '^lypormanganic  and  hydrochloric  acids  : 

^■ 

^  Mn^  O7  and  7H  CI  =  Mn^  CI7  and  7HO. 

A  corresponding  hyperfluoride  of  manganese  was  formed  by 

gWohler  by  distilling,  in  a  platinum  retort,  a  mixture  of  man- 

i  of  potash  and  fluor  spar  in  powder,  with  fuming  sulphuric 

It  is  a  greenish  yellow  gas,  which  likewise  pnxluces 

\  fiimes  in  damp  air. 


ISOMORPHOUS  RELATIONS  OP  MANGANESE. 
! 

...  Tlw  compounds  of  no  element  enter  into  so  many  isomor- 
fhoos  groups,  and  connect  so  large  a  proportion  of  the  elements 
^'%  die  tie  of  isomorphism  as  those  of  manganese.  The  salts  of 
jls  protoxide  are  strictly  isomorphous  with  the  salts  of  magnesia 
its  class ;  so  that  manganese  belongs  to  and  represents  the 
family  of  elements.  The  same  metal  connects  the 
frmily  with  the  magnesian,  by  the  isomorphism  of  the 
and  manganates ;  and,  therefore,  sulphur,  selenium, 
teUurium  are  thus  allied  to  the  magnesian  metals.  To  these 
may  be  occasion  to  add  oxygen,  if  the  reported  discovery, 
^!  hf  M.  Persoz,  of  a  class  of  hyposulphites  isomorphous  with  the 
^'-  mkgtmfen  should  prove  to  be  correct.  These  hyposulphites  are 
^.■■ipqiaDds  of  hyposulphurous  acid  with  basic  sulphurets,  and 
p  pPMnt  a  remarkable  analogy,  in  solubility  and  other  properties, 
f-  litbe  sulphates,  as  well  as  similarity  of  form.  Being  sulphur 
V  wiUf  they  are  termed  sulpho-sulphates  by  Persoz.  The  sulpho- 
l  wifkBke  of  potash  is  formed  by  fusing  80  parts  of  sulphur 
I  Vidi  100  parte  of  dry  carbonate  of  potesh,  and  washing  out 
f    tk$  sulphuret  of  potassium  with  alcohol. 

An  equally  interesting  relation  is  that  of  hypermanganic 
Ikh  hyperchloric  acid,  and  the  isomorphism,  which  it  este- 
Ifisbes,  of  2  equivalente  of  manganese  with  1  equivalent  of 
ddorine,  and  the  other  members  of  its  family.    We  are  thus 
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enabled  to  place  together  for  comparison  the  cormpoi 
compounds  of  a  magnesian  metal  or  sulphur,  and  of  chlorii 
in  the  following  scheme : 

Metallic  or  Sulphur  compound.  Corresponding  Chlorine  comj 


Suboxide  of  copper,   . 

Ca,0  . 

Hypochlorous  add,  CI 

Manganous  oxide, 

MnO  . 

Wanting. 

Sulphurous  acid,    .     . 

SO2      . 

Wanting. 

Manganic  oxide,    .     . 

Mn,03 

Wanting. 

Manganic  acid,       .     . 

MnOa 

Wanting. 

Peroxide  of  manganese. 

,  Mn2  04 

Peroxide  of  chlorine,  ( 

Hyposulphuric  acid,  . 

s,o. 

.  Chloric  acid,  CI  O5. 

Hypermanganic  acid. 

Mn^Oy 

Hyperchloric  acid,  d 

Although  hyposulphuric  acid  is  placed  in  relation  with  c 
acid,  in  the  preceding  table,  it  is  not  known  that  the  '. 
sulphates  are  isomorphous  with  the  chlorates.  It  wi 
observed  that  the  compounds  deficient  in  the  chloiine 
are  the  analogues  of  those  containing  a  single  equivali 
manganese  or  sulphur,  and  a  compound  of  chlorine  and  o 
resembling  manganic  oxide.  The  former  deficiencies  m 
connected  with  the  indivisibility  of  the  equivalent  of  chloi 
That  2Mn,  2Zn,  28,  20,  2H,  &c.  have  the  same  valu 
character  in  combination  as  CI,  is  certainly  a  very  remai 
circumstance.  It  suggests  the  idea,  that  it  is  by  the  inl 
association  or  conjunction  of  two  basyle  aioms,thBt  one  salt-r 
atom  is  produced ;  and  consequently  that  the  basyle  or  salt>i 
character  of  an  elementary  body  is  not  absolute,  but  relat 
the  grouping  of  its  atoms.  In  discussing  the  molecular  cobi 
of  the  metallic  portions  of  the  voltaic  circle,  (page  207) ' 
assumed  that  the  ultimate  atoms  of  a  metallic  mass  are  und 
influence  of  chemical  affinities,  being  in  a  state  of  chemical 
bination  with  one  another,  and  not  isolated  and  independ 
each  other, -like  loose  grains  of  sand.  The  binary  or 
structure  of  the  metallic  molecule  there  assumed,  may  be 
precisely  described  by  assigning  to  it  three  atoms  of  metal 
of  which  conjoined  form  the  salt-radical  or  chlorous  atoo 
one  the  basyle  or  zincous  atom.  As  this  molecular  t 
modifies,  in  some  degree,  while  it  simphfies,  and  renders  g 


I80M0RPH0US  RELATIONS  OF  MANGANESE.  541 

«  precise,  the  view  of  voltaic  action  maintained  in  this  work, 
iill  place  in  a  note  below  a  concise  statement  of  the  principles 
that  view,  in  its  amended  form.* 

Thit  modificatioii  of  the  chemical  theory  of  the  voltaic  circle,  which  dis- 
m  with  any  electrical  hypothesis,  is  founded  upon  the  three  following 
taktesx 

.  IV  hmary  comtihUiom  qf  gaits,  which  has  already  been  fully  discussed 
{e  160.)  This  applies  to  the  fluid  portions  of  the  circle,  and  its  assump- 
I  is  equally  necessary  on  the  usually  received  electro-chemical  theory  of  the 
k. 

I.  The  SaU-wtolecular  struetwre  ofmetait. — By  this  is  meant  that  the  metals 
composed  of  molecules  or  groups  of  three  atoms,  having  a  binary  or  saline 
lader,  as  eiplained  above.  The  metallic  and  fluid  portions  of  the  circle 
duis  assimilated  in  constitution.  A  decomposition  can  be  propagated  in 
r  direction  through  the  fluid  portion  of  the  circle,  owing  to  the  mobility  of 
k  particle,  which  permits  it  to  take  the  new  position  required  with  a  change 
As  direction  in  which  the  decomposing  force  is  made  to  act,  (page  204.) 
t  deeompoMtioa  is  propagated,  in  both  directions,  through  a  chain  of  me- 
lenolcciiles  also,  although  solid,  and  therefore  without  the  same  power  of 
To  eiplain  this,  it  must  be  supposed  that  an  internal  decom- 
i  can  readily  take  place  in  the  metallic  molecule  itself;  that  in  respect 
hi  three  atoms.  A,  B  and  C,  A  forming  the  zincous  element,  and  fi  +  C  the 
bnos  dement,  a  change  can  easily  occur,  in  which  C  becomes  the  zincous 
■cut  of  the  sali-molecule,  and  A  +  B  the  chlorous  element ;  that,  supposing 
elhife  atoms  of  the  molecules  disposed  in  a  line.  A,  B,  C,  any  of  its  saline 
nwnts  may  be  either  to  the  right  or  left,  as  A  +  BC,  or  AB  +  C.  The  three 
MS  of  the  molecule  being  of  one  metal,  and  of  the  same  nature,  may  admit 
ikk  change  of  internal  arrangement,  by  a  substitution  of  one  atom  for  an- 
Iht. 

Btvcral  circumstances  favour  the  idea  of  the  existence  of  the  assumed  con- 
liitt  of  metals :  1.  In  iron  the  susceptibility  of  magnetism  is  confined  to  the 
ildilielf  and  one  degree  of  oxidation,  the  black  oxide,  with  its  correspond- 
i  adphiiret.  This  is  the  degree  of  oxidation  into  which  iron  most  readily 
m;  it  consists  of  single  equivalents  of  the  protoxide  and  peroxide,  or  of 
rvitloiiis  of  iron  and  four  of  oxygen.  There  is  oxidation,  in  its  formation, 
ittil)nt  disturbance  of  the  metallic  sali-molecule,  Fe  +  Fe^;  the  zincous  ele- 
■jv  Fe,  combining  with  1  eq.  of  oxygen,  to  form  Fe  O,  and  the  chlorous 
iilMl;  Fe^  with  3  eq.  of  oxygen,  to  form  Fc,  O,  ;  and  these  two  oxides 
I  remaining  in  a  state  of  union.  Metallic  iron  having,  therefore,  a 
I  magnetic  character  with  the  black  oxide  of  iron,  or  the  loadstone, 
lich  has  three  atoms  of  metal  in  its  molecule,  may  well  be  supposed  to 
R  three  also.  It  is  worthy  of  passing  remark,  that  this  double  oxide  is 
aliar  to  the  magnetic  metals.  It  may  not  be  an  idle  hope  to  look  for  the 
cidation  of  the  cause  of  magnetism  in  the  peculiarities  of  the  molecular 
Mtsre  of  iron. 
U  It  is  supported  by  the  disturbance  of  chemical  affinities,  or  the  electrical 
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Eq.  339.2  or  27-18;  Fe  {ferrvm). 

The  most  remarkable  of  the  metals ;  the  production  of  vtidk, 
from  the  numerous  and  important  applications  it  posseMib 
appears  to  be  an  indispensable  condition  of  civilization.  Ibto* 
oric  masses  of  iron,  often  so  pure  as  to  be  malleable,  an  faai 

effects,  consequent  upon  the  contact  of  different  metaU ;  for  one  mHal  Hf  < 
be  affected  by  another  metal,  admitting  the  reality  of  their  sali-moknly 
structure,  as  well  as  by  a  salt  or  acid,  the  constitution  of  all  these  boltf  i 
being  the  same.    When  copper,  for  instance,  touches  iinc«  the  chloi wi lb,  ; 
ment  of  the  copper  molecule  tends  to  leave  its  own  zincout  elemeBt^  mi^  * 
combine  with  the  zincous  element  of  the  zinc  molecule  ;  so  that  a  liaitf   | 
disturbance  takes  place  as  if  the  cine  were  touched  by  hydrochkiik  i 
But  the  phenomena  of  the  contact  of  metals  belong  to  that  dan  in  whiek  Al 
chemical  action  stops  short  of  combination,  the  chlorous  element  of  theM|pf 
molecule  attracting  its  own  zincous  element  the  less  that  it  attracts  1 
the  zincous  element  of  the  zinc,  but  not  abandoning  the  former  and  c 
with  the  latter.    They  belong  to  the  class  of  the  open,  and  not  of  tlw  i 
circuit.    Sulphur,  dry  acids,  peroxides,   and  many  other  bodies,  distoA  ttf 
molecular  affinities  of  the  metals  they  toach,  in  the  same  manner.    Hm  nI- 
molecule  of  the  highly  negative  metals,  gold,  platinum,  mercury,  &c.,  contiiM 
a  strong  salt-radical,  united  with  a  weak  bosyle,  and  resembles  hydrochlooD 
acid  and  the  hydrates  of  the  strong  acids ;  while  the  sali-molecule  of  Al 
highly  positive  metals,  potassium,  zinc,  &c.,  contains  a  powerful  basfkiii 
weak  salt-radical,  like  the  hydrated  alkalies.     In  an  alloy  of  two  metals,  thi 
whole  positive  metal  may  exist  as  basyle,  and  the  negative  metal  m  hK- 
radical ;  as  in  the  crystallizablc  amalgam  of  cadmium,  Cd  Hg,.    Thcidh 
molecule  of  iron  is  difficult  of  decomposition,  hence  the  unusual  diffinhf 
of  alloying  that  with  other  metals,  and  the  tendency  of  the  iron  molecilelB 
combine,  as  a  whole,  as  in  the  magnetic  oxide. 

3.  llie  reaction  of  the  sali-molecules  of  different  metals  upon  each  otei 
when  heated,  appears  to  be  the  cause  of  the  phenomena  of  thermo-electridlyf 
(page  226\  but  these  are  phenomena  of  the  closed  circle.  It  will  be  etiM 
to  those  who  are  acquainted  with  the  Contact  Theory  of  galvanism,  wafclf 
developed  by  Ohm,  and  supported  by  the  German  electricians,  and  whiBk 
embraces  so  happily  the  whole  circle  of  the  phenomena,  that  the  cbiwal 
view,  advocated  here,  although  founded  on  a  different  fundamental  iiinf 
tion,  has  a  more  perfect  consistency  and  parallelism  in  its  details  with  iW 
theory  than  the  electro- chemical  theory,  generally  received,  possesMt.  (Ttf* 
lor's  Scientific  Memoirs,  No.  7.) 

4.  The  relation  of  the  phosphorus  group  of  elements  to  the  magM^ 
elements  appears  to  be  this  :   the  equivalent  of  phosphorus,  nitrogen,  t^ 
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mddy  although  thinly  scattered  over  die  earth*8   surface,  and 

yiobably  first  attracted  the  attention  of  mankind  to  this  metal. 

^        Of  the  occarrence  of  metallic   iron  as  a  terrestrial   mineral   in 

J       atey  the  best  established  instances  are  the  species  of  native  iron 

I 

mmf  and  arteBic  ts  eqoivaleDt  to  thrte  magDcsian  atoms,  and  yet  it  in  the 
b  hMt  combining  proportion  of  the  elements  enumerated.  This  view,  which 
m  always  probable,  seems  now  rendered  necessary  by  the  observation  of 
m.  Liebig  and  Damas,  that  in  the  potash-tartrate  of  antimony  strongly  dried, 
1  c|.  of  antimony  replaces  S  eq.  of  hydrogen.  Yet  the  elements  of  this  triple 
Mkcale  are  not  separable.  In  their  individual  action,  however,  we  appear 
tshave  the  canse  of  the  singular  tendency  of  the  members  of  the  phosphorus 
(■ily  to  combine  with  three  equivalents  of  other  bodies,  as  with  3H,  SO, 
Uli,  SCa^  3Co,  3Hg,  &c.,  and  of  the  tribasic  character  of  phosphoric,  arsenic, 
Wki  phssphoTOiis  acids.  These  elements,  then,  have  an  indissoluble  sali- 
fMhcale.  Metallic  antimony  also  is  isomorpbous  with  tellurium,  and  con- 
tatad,  therefore,  through  sulphur,  with  the  magnesian  family. 
'^  f.  Of  the  ibrmation  of  molecular  groups  of  atoms  of  the  same  element, 
ppptmtly  nnited  by  chemical  affinity,  it  would  not  be  difficult  to  multiply 
Hint  the  atoms  of  sulphur  appear  to  be  associated  in  a  molecular 
eomposed  of  12  atoms,  when  it  possesses  the  crystalline  form  of  bisul- 
l^krta  of  potash ;  for  the  integrant  particle  of  the  salt  contains  not  lees  than 
Alt  mimber  of  atoms.  Supposing  also  sulphur,  in  the  state  of  vafiour,  to  be 
iUariy  constituted,  then,  instead  of  one-third  of  a  volume,  its  nfolccule  will 
l^fiiar  volumes  of  vapour,  the  most  usual  of  all  proportions.  In  crystal- 
tnd  nlphnff  then,  there  may  eiist  the  same  arrangement  and  aggregation  of 
Asm  as  in  bisnlphate  of  potash,  resulting  from  the  action  of  similar  affinities. 
M.  Liebig  has  represented  KS|>  the  pentasulphuret  of  potassium,  by  KS,SS,, 
Visa  sort  of  sulphate  of  the  sulphuret  of  potassium,  which  is  quite  in  ac- 
COiduice  with  these  molecular  views. 

A  change  in  the  number  of  atoms  forming  the  sulphur  molecule,  or  in  their 
ftnaagement,  will  account  for  the  dimorphism  of  that  body ;  indeed,  incon- 
rtBKy  of  molecular  structure  may  be  the  general  origin  of  dimorphism.     In 
CRnpound  bodies,  such  as  the  acids,  we  have  o(\cn  illustrations  of  a  »iinilar 
■Moeiation  of  several  atoms.     It  appears,  in  the  proportions  in  which  they 
-      esouionally  unite  with  bases,  as  in  the  terchromate  of  potash,  the  teriodatc 
if  nda,  and  may  be  inferred  from  the  products  of  their  decomposition  in 
IHmt  cases.    Thus,  when  chlorate  of  potash  is  decomposed  by  sulphuric  acid, 
4rct  equivalents  of  that  salt  are  decomposed  together  (page  371  )>  which  is 
r     tsteiiily  a  strong  presumption  that  these  three  equivalents  were  previously 
\      Iwoilatrd  in  some  way,  forming  one  whole.   On  a  similar  presumption,  Mits- 
r      JdMich  triples  the  equivalent  of  white  precipitate,  and  makes   it  (3llg  Ad  -i- 
SHg  CI),  because  that  compound  affords  N  Hg,  as  one  of  the  products  of  its 
teompoaition.     It  is  certainly  curious  that  the  aggregation  so  indicated  is 
very  often  that  of  three  atoms,  as  if  the  atoms  of  compound  bodies  affected  a 
aBmolecQlar  arrangement,  similar  to  that  assumed  by  the  atoms  of  elements. 
III.  TkiB  Rotalaciiim  of  rkemical  oj^iti/y.— Chemical  affinity  is  certainly  ca- 
pable of  acting  at  a  distance  in  a  particular  manner.   11ic  chemical  affmity  or 
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which  accompanies  the  Uralian  platinum,  and  a  thin  vein  aboat 
two  inches  in  thickness,  observed  in  chlorite  slate,  near  Cutim 
in  tbe  United  States.  In  a  state  of  combination  iron  is  ext^n* 
lively  diffused,  being  found  in   small  quantity   in  tlie  soili  ttul 


chamcteriBtic  attnicUve  pourer  of  hydrogen,  or  of  any  other  iMwyle,  U  a 
ftt&nt  quaDiity.  When  the  hydnageo  b  m  combination  with  chtorim?*  ii  by* 
drochtortc  acid,  that  aiEuity  is  entirely  engroiscd  by  the  chlorine.  Thecfe' 
mtcal  affinity  of  the  chlorine^  on  the  other  hand,  which  is  also  a  coiutiri 
quantity,  is  then  entirely  engrossed  by  the  hydrogen.  Bat  if  an  atom  of  bbc 
Zn,  be  brought  in  contact  with  a  parti colar  molecule  of  hydrochlork 
Cl  +  H,  then  a  portion  of  the  affinity  of  CI  Is  engaged  by  Zn,  and  di< 
from  Hp  which  is  proportionally  relieved  from  that  affinity.  The 
affinity  of  H  can  act  upon  the  01'  of  an  adjoining  particle  of  hyi 
acid  ;  of  which  the  H',  in  so  far  as  it  is  relieved  from  its  own  CI',  can 
the  CI''  of  a  third  particle  of  hydrochloric  acid«  and  the  hydrogen  H'',  of 
third,  the  chlorine  of  a  fourth,  and  thus  an  action  be  propagated  tn  i 
linear  direction  through  the  acid  to  a  considerable  distance  from  Zn,  wkft  it 
originated.  The  unoccupied  affinity  of  the  first  H,  instead  of  actiO|  upoa 
a  single  line  of  particles  of  hydrochloric  acid,  as  above  supposedj  may  be  di» 
vided  among  several  lines  of  particles ;  these  tines  will  radiate  from  a  coatawi 
centre  Zn,  being  mutually  repulsive  of  each  other*  for  the  came  rossoo  it  tk 
threads  of  Lfon  filings  attached  to  the  pole  of  a  magnet  are  so,  (page  204).  Ai 
the  number  of  lines  and  of  particles  of  acid  affected  at  any  partScnlar  dittiMI 
from  Zn,  will  increase  with  that  distance,  the  action  upon  any  one  parfcidf  iH 
necessarily  diminbh  with  its  distance  from  the  disturbing  centre  Zn,  indeed  il 
will  be  in  the  inverse  ratio  of  the  square  of  the  particle's  distance  from  Zu- 
A  class  of  phenomena  depending  immediately  tipon  the  propagation  ot 
mical  affinity  to  a  distance  are  thoae  of  cemfmfatitm.  When  a  compact 
of  pure  iron  (a  bar  of  the  metal)  is  exposed  to  carbonic  oxide  gas,  at  i 
heat,  the  superficial  particles  of  iron  decompose  that  gas,  by  the  cxertjaa 
zincous  affinity,  taking  carbon  from  the  oxygen  with  which  it  ts  unllnt 
becoming  carburet  of  iron.  But  if  exposure  to  the  carbonic  oxide  be 
aued,  the  combined  carbon  doea  not  remain  at  the  surface  of  the  iioft, 
travels  inwards,  diffusing  itself  through  the  metallic  maas.  It  thus 
that  when  the  iron  Fe,  of  the  superficial  carburet,  which  we  may  reprticai 
Fc  +  C  is  in  contact  with  a  second  atom  of  carbon  C',  it  attracts  C'l 
being  proportionally  relieved  from  the  affinity  of  Ft,  may  act  upon  t&e 
joining  and  interior  atom  of  iron,  pe',  and  indeed  combine  with  it,  wbiW 
eictemal  atom  Fe  combines  at  the  same  time  with  C'.  The  original 
carbon  C  may  thus  combine  in  succession  with  a  scries  of  atoms  of  imn, 
Fe*,  Fe^',  &c.,  extending  into  the  interior  of  the  metallic  mass,  pro' 
always  that  carbon  be  constantly  supplied  to  the  external  atom  of  imo  tf- 
Again,  the  steel  may  be  decarbonised,  by  exposing  it  to  a  source  of  oxygni,  • 
by  heating  it  in  contact  with  oxide  of  iron,  when  the  conv<?rme  o(  wbvt  IH 
been  described  occurs*    The  su|H*rficial  particles  of  iroi:  !  ofljkdr 

carhun,  the  balance  of  the  attractive  forces  soliciting  i  .  lunvd, 

and  It  now  travels  in  an  outward  direction,  and  abandons  the  inin  cotiffiy^ 
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inmost  minends,  and   as  sulphuret,  oxide  and  carbonate  in 
fantities  which  aflford  an  inexhaustible  supply  of  the  metal 
nd  its  preparations,  for  economical  purposes. 
Iron  differs  from  any  other    metal  in    two  points,    which 

if  the  eiternal  oxidating  action  is  supported  for  a  sufficient  Ieng;th  of  time.  It 
iiTCry  obvious,  from  the  phenomena  of  cementation,  which  are  cxhibiteti  by 
•gnat  variety  of  solid  bodies  besides  iron,  that  a  particle  of  carbon,  when  in 
ConbiDation  with  a  particle  of  iron,  may  still  attract  and  be  attracted  by  the 
■Roonding  particles  of  that  metal,  and  thus  exercise  an  influence  at  a  distance. 
The  action  of  chemical  affinity  described  in  the  preceding;  cases,  as  in  direc- 
liHi  rectilineal,  may  very  readily  assume  a  circular  direction  or  return  u{)on 
itRif.  Thus,  if  two  particles  of  hydrochloric  acid,  A  and  B,  be  disposed  to- 
wards each  other,  with  their  unlike  atoms  together,  as  in 
figure  79f  it  is  obvious  that,  by  an  inconceivably  minute 
expenditure  of  force,  the  A  of  A  may  be  mode  to  unite 
with  the  cl  of  B,  while  the  A  of  B  combines,  at  the  same 
time,  with  the  cl  of  A,  or  the  combinations  take  place 
indicated  by  the  brackets,  and  the  two  new  molecules  of 
hydrochloric  acid  C  and  D  are  producctl.  It  is  impossible 
to  prove  the  occurrence  of  such  a  decomposition  in 
molecules  of  the  same  kind,  but  we  have  it  constantly 
QhHtnded  in  double  decompositions  where  the  molecules  are  different — as  in 
hydrochloric  acid  and  cyanide  of  silver,  when  the  new  products,  hydrocyanic 
acid  tad  chloride  of  silver  are  formed,  and  demonstrate  its  occurrence  by  a 
mable  change.  Now,  instead  of  a  pair  of  molecules  of  hydrochloric  acid, 
ve  nay  have  a  circle  composed  of  any  number  thus  in  contact,  and  undcr- 
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going  decomposition,  as  in  the  figure.  For 
when  the  affinity  of  the  cl  of  any  acid  mole- 
cule A  (fig.  80)  is  engaged  by  A  of  the  adjoining 
molecule  B,  to  its  lelt,  the  A  of  A  is  propor- 
tionally relieved  from  the  affinity  of  its  own 
cL  The  A  of  A  is  thus  free  to  act  upon  the 
cl  of  the  acid  molecule  C  to  its  right ;  and 
the  relieved  hydrogen  of  that  u|>on  the 
chlorine  of  a  third  molecule  to  the  right, 
and  so  on  round  the  circle,  as  indicated  by 
the  brackets.  When  this  action  reaches  B, 
the  h  of  that  molecule  is  thereby  relieve<l 
Abb  the  attraction  of  its  own  cl,  and  on  that  account  can  the  more  readily 
QMbine  with  the  c/  of  A. 

We  pass  at  once  from  this  to  the  voltaic  circle,  by  supposing  that  part  of 
thMc  molecules  are  acid  (A),  part  zinc  (B),  and  part  copper  (C),  but  all 
kvisg  the  same  binary  or  saline  organization,  and  symmetrically  placed  in 
cgard  to  each  other.  This,  which  I  previously  described  as  the  inductive  ac- 
ioB  of  affinity  from  its  analogy  to  magnetic  induction,  I  now  think  may,  with 
sore  propriety,  be  distinguished  as  the  rotal  action  of  affinity,  and  founded 
ipoD  as  a  fundamental  law  of  chemical  affinity.  Other  applications  will  be 
aand,  for  the  molecular  theory  which  it  involves,  in  the  sequel. 

N  N  2 


everywhere  the  earliest  mode  of  treating  the  ores  of 
we  find  it  still  followed  among  rude  nations.  But  i 
singular  in  forming,  at  an  elevated  temperature,  a  fi 
pound  with  carbon  (cast  iron),  the  production  of  w 
tates  the  separation  of  the  metal  firom  every  thing  ext 
the  ore,  and  is  the  basis  of  the  only  method  of  extrai 
extensively  practised. 

The  ore  of  iron  most  abundant  in  the  primary  i 
is  the  black  oxide  or  magnetic  orey  which  affords 
celebrated  and  valuable  irons  of  Sweden  and  the  no 
rope ;  but  of  which  the  application  is  greatly  circumsc 
its  not  being  associated  with  coal.  In  the  secondai 
tiary  formations,  the  anhydrous  and  hydrated  perox 
red  and  brown  hematite,  occur  occasionally  in  a 
quantity,  often  massive,  reniform,  and  quite  pure 
times  pulverulent  and  mixt  with  clay.  It  is  employe 
extent  in  England,  in  the  last  condition,  but  only  fi 
pose  of  mixing  with  the  more  common  oreT  The  i 
carbonate  of  iron,  or  spathic  iron,  is  smelted  in  son 
the  continent,  and  gives  an  iron  often  remarkable 
proportion  of  manganese.  The  celebrated  iron  of  I 
rived  firom  specular  or  oligistic  iron,  a  crystallized 
But  the  consumption  of  all  these  ores  is  inconsiderable 
with  that  of  the  clay  ironstone  of  the  coal  measure 
the  carbonate  of  the  protoxide  of  iron  mixt  with  varii 
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cakined,  to  expel  carbonic  acid  and  water  about  40  per 


SMELTING    CLAY  IRON-STONE. 

The  blast  furnace,  in  which 
the  ore  is  reduced,  is  of  the 
form  represented  in  the 
margin,  55  to  60  feet  in 
heiglit,  with  an  interior  dia- 
meter of  from  14  to  17 
feet  at  the  widest  part.  The 
cavity  of  the  furnace  is 
entirely  filled  with  fuel,  and 
the  other  materials,  which 
are  continuously  supplied 
from  an  opening  near  the  top; 
and  the  combustion  main- 
tained by  air  thrown  in  at 
two  or  more  openings, 
called  twyeres  near  the  bot- 
tom, under  a  pressure  of 
about  6  inches  of  mercury, 
from  a  blowing  apparatus, 
so  as  to  maintain  the  whole 
contents  of  the  furnace  in  a 
f  intense  ignition.  When  the  air  to  support  the  combus- 
A8  attained  a  temperature  of  GOO^'or  700%  by  passing 
;h  heated  iron  tubes,  before  it  is  thrown  into  the  furnace, 
lai  may  be  used  as  the  fuel ;  but  with  cold  air,  the  coal 
)e  previously  charred  to  expel  its  volatile  matter,  and  cou- 
into  coke,  otherwise  the  heat  produced  by  its  combus- 
insufficient.  With  the  ore  and  fuel  a  third  substance  is 
,  generally  limestone,  the  object  of  which  is  to  form  a 
!  compound  with  the  earthy  matter  of  the  ore  ;  it  is,  there- 
slled  B,ftux.  Two  liquid  products  accumulate  at  the  bot- 
r  the  furnace,  namely  a  glass  composed  of  the  flux  in 
nation  with  the  eartliy  impurities  of  the  ore,  which  when 

nirate  analyses  of  several  Scotch  varieties  of  this  ore  have  beco  pub- 
7  Dr.  H.  ColquhoQD.  Brewster's  Journal,  vii,  234  ;  or  Dr.  Thom- 
itUnea  of  Mineralogy  and  Geology,  i,  44G  ;  and  of  the  French  ores 
ScrUiier,  in  his  TVaiU  det  Esiais  par  la  J'oie  Seche,  u,  252«  a  work 
I  quite  invaluable  for  the  metallurgic  student. 
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drawn  off  forms  a  solid  slag^  and  the  carburet  of  iron,  or  nM^ 
which  is  the  heavier  of  the  two.  It  may  be  drawn  6roni 
observations  made  by  Dr.  Clark,  in  1833,  on  the  wurking  t>fth« 
Scutch  blast  furnaces,  under  the  hot  blasts  that  the  relative  jiro- 
portions  of  the  materials,  including  air^  and  prodact  of  cast  iron 
are  as  follows  f^ 

VTeigU 

Coal ft 

Roasted  iron  stone.      ...  5 

Limestone.           ....  I 

Ain              II 


Average  product  of  cast  iron. 

Tlie  ultimate  fixed  products  are  the  slag  and  carburet  of  i 
but  the  formation  of  these  is  preceded  by   several  inter 
changes,  which  the  ore  successively  undergoes  in  the  course] 
its  descent  in  the  furnace.     A  portion   of  the  oxide  of  iron  I 
certainly  reduced  to  the  metallic  state,  soon  after  its  intro 
tion,  in  tlie  upper   part  of  the  furnace,  by  carbonic  oxide 
volatile   combustible  matter  ;  but  the  reduced  metal   does  I 
then  fuse,     A  large  portion  of  the  oxide  of  iron  must  coiao 
also,  at  the  same  time,  with  the  silica  and  alunnna  prcaentl 
the  ore,  which  act  as  acids,  and  a  glass   be  formed,   of  wluJ 
the    oxide  of  iron   is  scarcely  reducible   by  carbon.     But  1 
injurious  effect  of  the  acid  earths  is  counteracted  by  the  W 
of  the  flux,  which  being  a   more  powerful  base  than  oxide] 
iron,  liherates  that  oxide  from   the  glass,  and   neutralij^es 
silica ;  so  that  the   slag   eventually  becomes  a  silicate  of  lifl 
and  alumina,  with  scarcely  a  trace  of  oxide  of  iron,  when  I 
proportions  of  the  materials  introduced   into  the  furnace 
properly  adjusted.     The  whole  oxide  of  iron  comes  tlius  to] 
exposed  to  the  reducing  action  of  the  volatile  combustible, 
consequently  the  whole  iron  is  probably,  at  one  time,  in  the  i 
dition  of  pure  or  malleable  iron.     But  when  the  metal  descefl 
somewhat  farther  in  the   furnace,  it  attains  the  high  temf 
ture,  at  which  it  combines  with  the  carbon  of  the  coke  in  < 
tact  witli  it,  and  it  fuses  for  the  first  time^  in  the  form  of  c 
buret  of  iron.     It  has  not  yet,  however,   attained  itn    ultiinatt 
condition.     When  it  reaches,  in  itj»  descent,  the  region  uf 
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I  where  the  heat  is  most  intense,  its  carbon  reacts  on  the 
ahunina,  lime  and  other  alkaline  oxides  contained  in  the 
[  alagi  with  which  it  is  accompanied,  reducing  portions  of 
sifioon,  alominuni,  calcium  and  other  alkaline  metals,  which 
oombine  with  the  iron.  The  proportion  of  carbon  replaced  by 
■Boon  and  metallic  bases,  is  generally  found  to  be  greater  in 
iron  prepared  by  the  hot  than  by  the  cold  blast,  owing,  it  is 
presumed,  to  the  higher  temperature  of  the  furnace  with  the 
hot  blast. 

The  introduction  of  air  already  heated  to  support  the  com- 
bustion of  the  blast  furnace,  for  which  a  patent  was  obtained 
hf  Mr.  J.  B.  Neilson,     has  greatly    reduced   the    proportion 
of  coal  required  to  smelt  a  given  weight  of  ore,  enabling  the 
:    Bon  master  indeed,  to  eflfect  a  saving  of  more  than  three  fourths 
;    of  the  coal  where  that  is  of  a  bituminous  quality.    The  idr  is 
hnted  between  the  blowing  apparatus  and  the    furnace,   by 
bong  made  to  circulate  through  a  set  of  arched  tubes  of  mode- 
nte  diameter,  heated  by  a  fire  beneath  them.    The  air  can  be 
"^    bested  in  this  manner  to  low  redness,   or  to  near  1000°,  but 
Acre  is  found  to  be  no  proportional  advantage  in    raising  its 
tanperatnre  much  above  the  melting  point  of  lead  (61 2^),  which 
is  ilready  higher  than  the  point  at  which  charcoal  inflames. 
*    Conidering  the  great  weight  of  air  that  enters  the  furnace, 
h  tte  temperature  of  that  material  must  greatly  affect  the  whole 
\    teDq)erature    of  the  furnace,    particularly    of  the  lower  part, 
I    what  the  air  is  admitted,  and  which  part  it  is  desirable  should 
l»  hottest.     Now  a  certain   elevated  temperature  is  [required 
bt  the  proper  smelting  of  the  ore,   and   unless  attained  in  the 
fimace,  the  fuel  is  consumed  to  no  purpose.     The  removal  of 
fc  negative  influence  of  the  low  temperature  of  the  air,  appears 
to  permit  the  heat  to  rise  to  the  proper  point,   which  otherwise 
■  attained  with   difiiculty  and  by  a  wasteful  consumption  of 
fcflL    Professor  Reich  of  Freiburg,  has  observed  that  heating 
die  air  likewise  alters  the  relative  temperatures  of  different 
PVts  of  the  furnace,  depressing  in    particular,    and   bringing 
"^ttrer  the  twyeres,  the  zone  of  highest  temperature.    Tlie  ad- 
iBlxtiire  of  steam  Mrith  the  air  has,  he  finds,  precisely  the  oppo- 
site effect,   elevating  the  zone  of  highest  temperature  in  the 
Amaoe ;  so  that  the  effect  of  the  hot  blast,  may  be  exactly  neu- 
ti^llised  by  mixing  steam  with  the  hot  air. 
Cast  tr<m.<~Tbe  fused  metal  is  run  into  channels  formed  in 
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sand,  and  thus  cast  into  ingots  or  pigs,  as  they  are  called.  Cut 
iron  is  an  exceedingly  variable  mixture  of  reduced  substanoHy 
of  which  the  principal  is  iron  combined  with  carbon.  The 
theoretical  constitution  to  which  that  variety  of  it,  most  definite 
in  its  composition,  approaches,  is  the  following : 

WHITE   CAST    IRON. 

Four  atoms  iron.  ....     94.7 

One  atom  carbon.  .         .         .         .5.3 

100.0 

The  difference  in  appearance  and  quality  of  the  varieties  of 
cast  iron  is  not  well  accounted  for  by  their  composition.  He 
grey  or  mottled  cast  iron,  forming  the  qualities,  Nos.  1  and  9, 
presents  a  fracture  composed  of  small  crystals,  is  easily  cutbf 
the  file,  and  is  preferred  for  castings.  It  is  generally  supposed 
that  a  portion  of  uncombined  carbon  is  difiused  through  the 
iron  of  these  qualities,  in  the  form  of  graphite.  No.  3,  or  wlute 
cast  iron  is  more  homogeneous ;  its  fracture  exhibits  crystalfiBt 
plates,  like  that  of  antimony,  and  is  nearly  white;  it  is  exceed- 
ingly hard  and  brittle. 

Malieabfe  iron, — The  great  proportion  of  cast  iron  manufac- 
tured is  afterwards  refined,  or  converted  into  bar  or  malleahk 
iron.  Previous  to  refining,  the  cast  iron  is  alui-ays  fused,  and 
cooled  suddenly  by  throwing  water  on  the  melted  surface,  by 
which  it  becomes  white  cast  iron,  if  not  so  before.  In  thii 
condition  it  is  most  easily  deprived  of  its  carbon,  which  is  tlit 
object  of  the  refining.  The  principal  operation,  called  the 
puddling  process,  consists  in  heating  masses  of  the  iron  in  a 
kind  of  reverberatory  furnace,  with  a  certain  access  of  air. 
The  metal  fuses,  and  by  means  of  a  sort  of  spatula  is  stinid 
about,  and  every  part  of  it  exposed  to  the  flame.  The  carboa 
is  thus  gradually  burnt  out,  partly  by  the  direct  action  of  oxy- 
gen in  the  flame,  and  partly  by  cementation  ^-ith  oxide  of  iron; 
and  the  metal  becomes  less  fusible,  but  thick  and  tenadonu^ 
so  that  it  sticks  together,  and  is  formed  into  a  ball.  lo 
this  condition  it  is  removed  by  tongs,  compressed  into  a  c^d- 
drical  form  by  a  few  blows  of  a  loaded  hammer,  and  quickly 
converted  into  a  bar,  by  pressing  it  between  grooved  roUeff. 
The  tenacity  of  the  metal  is  increased  by  welding  several  ban 
together ;  a  pile   of  bars  is  brought  to  a  full   red  heat  in  aa 
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blong  fiirnaoe,  and  then  extended  between  the  grooved  rollers 
xto  a  single  bar.  The  texture  of  malleable  iron  is  fibrous, 
dthough  the  purest  commercial  form  of  tlie  metal,  it  still  con- 
sins  about  one-half  per  cent  of  carbon,  with  traces  of  silicon 
ind  other  metals. 

Steel. — Only  the  best  qualities  of  malleable  iron,  those  pre- 
pared from  a  pure  ore,  and  reduced  by  means  of  charcoal,  such 
u  the  Swedish  iron,  are  converted  in  steel.  An  iron  box  is  filled 
with  flat  bars  of  such  iron  and  charcoal  powder,  in  alternate 
l&yers,  and  kept  at  a  red  heat  for  forty-eight  hours,  or  longer. 
The  surface  of  the  bars  is  found  afterwards  to  be  blistered,  and 
^ej  have  absorbed  from  1 .3  to  1 .75  per  cent  of  carbon.  This 
B  the  process  of  cementation,  to  which  allusion  has  already 
been  made  (Note,  page  545).  It  is  known  that  iron  can  be 
eonyerted  into  steel  without  being  in  actual  contact  with  char- 
^Md,  provided  the  iron  and  charcoal  are  in  a  close  vessel  togc- 
.Aer,  and  oxygen  be  present;  the  carbon  reaching  the 
.nifiboe  of  the  metal  in  the  form  of  carbonic  oxide  gas.  The 
jra  becomes  harder  by  this  change,  and  more  fusible,  but  can 
jfSH  be  hammered  into  shape,  and  cut  with  a  file.  The  pro- 
perty in  which  steel  differs  most  from  soft  iron,  is  the  capacity 
it  has  required  of  becoming  excessively  hard  and  clastic,  when 
ll^jited  to  redness  and  suddenly  couled  by  plunging  it  in  water 
jor  oiL  This  hardness  makes  it  invaluable  for  files,  knives,  and 
.1^  kinds  of  cutting  instruments.  But  the  steel,  when  hardened 
i^  the  manner  described,  is  harder  than  is  required  for  most  of 
m  applications,  and  also  very  brittle.  Any  portion  of  its  origi* 
vl  softness  can  be  restored  to  the  steel  by  heating  it  up  to  par- 
.tifiolar  temperatures,  which  are  judged  of  by  the  colour  of  the 
flm  of  oxide  upon  its  surface,  which  passes  from  pale  yellow  at 
«HKit  430",  through  straw  yellow,  brown  yellow,  and  red  purple 
/Ptto  a  deep  blue  at  580^,  and  allowing  the  steel  afterwards  to 
cpd  slowly.    Articles  of  steel  are  tempered  in  this  manner. 

Prcperties  of  iron, — Iron  is  of  a  bluish  white  colour,  and  ad- 
mits of  a  high  polish.  It  is  remarkably  malleable,  particularly 
.1^  a  high  temperature,  and  of  great  tenacity.  Its  mean  density 
If 7.7^  which  is  increased  by  fusion  to  7-8439.  When  kept  for 
%  considerable  time  at  a  red  heat,  its  particles  often  form  large 
^ihic  or  octohedral  crystals,  and  the  metal  becomes  brittle. 
Malleable  iron  softens  before  entering  into  fusion,  and  in  this 
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state  it  can  be  welded^  or  two  pieces  be  united  by 
them  together.  The  point  of  fusion  of  cast  iron  is  3471^*;  tint 
of  cnalleable  iron  is  much  higher.  Iron  expands  in  becoming 
solid^  and  therefore  takes  the  impression  of  a  mould  with  cxac*^ 
ness.    Iron  is  attracted  by  the  ma^et  at  all  temperatures  und 

.  an  orange  red  heat,     It  is  then  itself  magnetic  by  induction^  I 
immediately  loses  its  polarity,  if  pure,  when  withdrawn  from  1 
magnet.     If  it  contains  carbon,  as  steel  and  cast  iron^  it  I 
affected  less  strongly,  but  more  durably,  by  the  proximity  of  I 
magnet,   becoming  then   permanently   magnetic       The  bh 
oxide,  which  forms  the  loadstone,  and  the  corresponding  tul- 
phuret,  are  the  only  compounds  of  iron  which   share  this  pfi 
perty  with  the  metal.     A  steel  magnet  loses  its  polarity  at 
boiling  point  of  almond  oil;  a  loadstone,  just  below  visible  ig 
tion  (Faraday). 

Iron  reduced  from  the  oxide  by  hydrogen  at  a  heal  un 
redness,  forms  a  spongy  mass,  which  takes  6re  spontanea] 
at  the  usual   temperature,  when  exposed  to  air,  and  oxide  / 
iron  is  reproduced  (Magnus).    But  iron,  in  mass,  appears  to  i 
detgo  no  change  in  dry  air,  and  to  be  incapable  of  decomp 
pure  water  at  that  temperature.     Nor  does  it  appear  to  be  : 
upon  by  oxygen  and  water  together,  but  tlie  presence  oft 
nic  acid  in  the  water,  causes  the  iron   to  be  rapidly  oxiil 
with  evolution  of  hydrogen  gas.     In  the  ordinary  rusting  j 
iron,  the  carbonate   of  the  protoxide  appears   to  be  fir«t  | 
duccd,   but  that  gradually  passes  into  tlie  hydrated  pcrox 
and  the  carbonic  acid  is  evolved.     ^Flie  rust  always  couti 
ammonia,  of  which  the  hydrogen  is  imagined  to  come  from  t 
water  decomposed ;  the  native  oxides  of  iron  also  contain 

*  monia.     Iron  remains  bright  in  solutions  of  the  alkalies  i 
lime*water,  which  appear^  to  protect  it  from  oxidation,  but : 
tral  and  more  particularly  acid  salts   have  the  opposite 
The  corrosion  of  iron  under  water  appears^  in  general,  to  be  il 
mediately  occasioned  by  the  formation  of  a  subsalt   of 
metal  with  excess  of  oxide,  of  which  the  acid  is  supplied  by  ( 
saline  matter  in  solution.     Articles  of  iron  may  be  compfa 
defended  from  the  injury  occasioned  in  this  way,  by  eon 
with  the  more  positive  metal  zinc,  as  in  galvanised  iron  I 
219);  while  tlie  protecting  metal  itself  wastes  away  very  alo 
Cast  iron  is  converted  into  a  species  of  graphite^  by  many  yens 
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in  sea-water,  the  greater  part  of  the  iron  being  dis« 
nbcd  while  the  carbon  remains*.  In  open  idr,  iron  bums  at  a 
k(h  temperature  with  Yivacityy  and  its  surface  becomes  covered 
with  a  fused  ojide,  which  may  afterwards  be  detached  from  it  in 
mtk$,  and  forms  smithy  ashes.  Iron  also  decomposes  steam 
it  i  red  heat,  and  the  same  oxide  is  formed  as  by  the  combus- 
tbn  of  the  metal  in  air,  namely  the  magnetic  or  black  oxide, 
FeO+FejOa. 

Iron  dbsolves  readily  in  diluted  acids,  by  substitution  for  hy- 
drogm,  which  is  evolved  as  gas.  Strong  nitric  acts  violently 
upon  iron,  yielding  oxygen  to  it,  and  undergoing  decomposi- 
titrn.  But  the  relations  of  iron  to  that  acid,  when  slightly  di- 
lated, are  exceedingly  singular.  They  have  l>een  particularly 
itadied  by  Professor  Schoenbein. 

Poiiive  condition  of  iron. — Pure  malleable  iron,  such  as  a 
pieoe  of  clean  stocking  wire,  usually  dissolves  hi  nitric  acid  of 
•p-gr.  1.3  to  1.35,  with  effervescence,  but  it  may  be  tlirown  into 
a  condition  in  which  it  is  said  by  Schoenbein  to  be  passive^  as  it 
ii  no  longer  dissolved  by  that  acid,  and  may  be  preserved  in  it 
fiv  any  length  of  time  without  change: — 1.  By  oxidating  the 
Btremity  of  the  wire  slightly,  by  holding  it  for  a  few  seconds  in 
die  flame  of  a  lamp,  and  after  it  is  cool,  dipping  it  gradually  in 
Ae  nitric  add,  introducing  the  oxidated  end  first.  2.  By  dip- 
ping the  extremity  of  the  wire  once  or  twice  in  concentrated 
mtricacid,  and  washing  it  with  water.  3.  By  placing  a  plati- 
nnm  wire  first  in  the  acid,  and  introducing  the  iron  wire,  pre- 
nrring  it  in  contact  with  the  former,  which  may  afterwards  be 
mfhdrawn.  4.  A  fresh  iron  wire  may  be  introduced  in  the 
Vne  manner  into  the  nitric  acid,  in  contact  with  a  wire  already 
paniye  j  this  may  render  passive  a  third  wire,  and  so  on.  5.  By 
Deldng  the  wire  the  positive  pole  or  zincoid  of  a  voltaic  battery, 
mtiodacing  it  after  the  negative  pole  or  chloroid  has  been  placed 
*  the  add.  Oxygen  gas  is  then  evolved  from  the  surface  of 
4e  iron  wire,  without  combining  with  it,  as  if  the  wire  were  of 
Phtinum.  As  the  passive  state  can  be  communicated  by  con- 
**  of  passive  iron,  so  it  may  be  destroyed  by  contact  with 
iCCive  iron  or  zinc  undergoing,  at  the  moment,  solution  in  the 

*  Mr.  Mallet  has  collected  much  information  respecting  the  corrosion  of 
on,  in  hit  TirBt  Report  to  the  British  Absociation,  on  the  action  of  sea  and 
ver  water  upon  cast  and  wrou(£ht  iron.  183Q. 
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acid.  If  passive  iron  be  made  a  negative  pole  (ehloroiU 
trie  acid,  it  also  ceases  to  resist  solution.  The  indiffe| 
chemical  action  exhibited  by  iron  when  passive,  is 
to  nitric  acid  of  the  density  mentioned^  but  extendi 
saline  solutions  which  are  usually  acted  upon  by  ir 
difference  to  nitric  acid  of  the  same  kind  can  also  be  a^ 
other  metals  as  well  as  iron,  particularly  bismuth  (C 
drews),  but  iil  a  much  less  degree.  That  the  pecidiaro<| 
of  the  iron,  which  enables  it  to  resist  solution  in  the  nit< 
is  of  a  voltaic  nature  cannot  be  doubted,  but  its  exact  cl 
is  still  very  imperfectly  defined.  In  the  consideration i 
subject,  the  circumstance  is  not  to  be  overlooked,  til 
may,  and  does  dissolve  in  nitric  acid  in  two  ditfer 
(1)  When  directly  oxidated  by  the  decomposition 
and  (2)  by  substitution  for  the  hydrogen  of  the' 
water,  as  the  same  metal  dissolves  in  oil  of  vitriol.  Ij 
mode  of  solution  is  not  known  to  be  connected  with  y4 
tion,  but  the  second  is  so,  and  should  be  promoted  by  r^ 
the  iron  positive  or  zincous  ^  the  condition  which  actual 
vents  all  solutioni  and  makes  iron  passive  in  nitric  add 
density.  But  if  the  predominating  tendency  of  iron  is 
solve  in  acid  of  that  strength  by  direct  oxidation,  which 
probable,  it  comes  to  be  a  question  whether  increasing  1 
position  of  the  metal  to  dissolve  in  the  other  mode,  or  by 
tut  ion,  may  not  counteract  the  former  tendency,  and  thefl 
pede  the  solution  of  the  metal.  Tlie  passive  conditiufi^| 
be  represented  as  the  result  of  an  antagonism  in  tbc^xM 
which  act  simultaneously  upon  the  metal  *  Schcenl>ein 
served,  however,  an  action  of  thin  films  or  pellicles  of 
matter  adhering  to  metaUic  surfaces,  which  he  think 
reason,  may  be  concerned  in  the  phenomenon,  and  whi^ 
teresting  independently  of  that  relation.  Platinum  wi| 
being  plunged  for  a  few  seconds  in  hydrogen  gas,  ads  I 
sitive  metal,  or  as  if  it  were  zinc,  when  associated  wi( 
platinum  in  dilute  sulphuric  acid.    This  can  be  ejEplaiq 


*  Dr.  Andrews  has  indeed  drawn  the  conelualoni  (rom  oWfVAlioi]^ 
ordiiifir]^  cUemical  action  of  n  hyttrat^d  acid  opoti  the  nieUU  whid 
in  it,  is  in  general  iliminished  wbcn  Lhe  acid  \%  cuii  cent  rut  i;d,  by  t| 
aasociation  of  these  ractala  with  euch  meUla  as  gold,  platinnra,  Ate  i 
the  contrary,  it  Ia  increaaed  when  the  acid  i&  diluted.— ^Trtiii^  q£ 
Iriah  Academy,  1838  ;  or  fieciiuerel,  vol,  Vg  pU  2,  p.  187* 
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hf  tapposing  combination  of  the  hydrogen  and  platinum,  and 
ftat  die  superficial  polar  molecule  of  the  metal  tlicn  consists  of 
kydrogen  as  the  external  zincous  element,  and  platinum  as  the 
ddorous  element,  resembling  the  positive  amalgam  of  zinc,  in 
iriiick  zinc  forms  the  external  zincous  atom,  and  mercury  the 
cUorous  atom  of  the  molecule  (page  208).  This  hydrogen 
mnit  decompose  the  hydrated  sulphuric  acid  (U  +  SO4),  evolv- 
ing hydrogen^  and  cause  a  train  of  decompositions  from  the  hy- 
draretted  to  the  dean  platinum.  The  analogy  between  this 
fokaic  action  of  hydrogen,  and  the  oxidation  of  hydrogen  gas 
hf  spongy  platinum,  adds  to  its  interest.  Again,  platinum, 
gdd  and  silver,  by  being  placed  for  a  few  seconds  in  chlorine, 
beoome  capable  of  acting  negatively,  or  are  chlorous,  when  they 
firm  a  circle  with  clean  platinum  in  dilute  sulphuric  acid. 
Eere^  also,  there  must  be  a  compound  polar  molecule,  of  which 
Hm  zincous  element  is  platinum,  and  the  external  chlorous  ele- 
■Mt  chlorine ;  and  this  chlorine  must  combine  with  tlie  hy- 
drogen, and  evolve  the  salt-radical  of  the  hydrated  acid,  thus 
cming  a  train  of  decompositions  through  the  latter.  A  pellicle 
of  peroxide  of  lead  can  be  precipitated  upon  the  surface  of  iron 
and  platinum,  and  then  they  become  strongly  chlorous  in  a  vol- 
ttte  drcle,  with  nitric  acid,  like  platinum  with  the  film  of  chlo- 
rine above,  till  the  pellicle  of  peroxide  is  dissolved  off  by  the 
acid.  Here  the  excess  of  oxygen  in  the  peroxide  must  decom- 
pose water,  or  more  likely  the  hydrated  acid  present,  evolving 
ttygen  or  the  salt-radical  of  the  acid,  when  the  circuit  is  com- 
pleted. In  such  circles,  we  have  the  affinity  of  hydrogen,  of 
ddorine,  or  of  oxygen,  originating  the  rotal  action,  instead  of 
tfatt  of  a  positive  metal,  as  usual.* 

PROTOCOMPOUNDS  OP  IRON. 

Protoxide  of  iron.  Ferrous  oxide ;  FeO  ;  439.2  or  35.18.— Iron 
appears  to  admit  of  only  two  degrees  of  oxidation,  the  protoxide 
ind  peroxide,  which  are  both  basic,  and  correspond  respectively 
irith  manganous  and  manganic  oxides.  The  protoxide  is  not 
Bnaily  obtained  in  a  dry  state,  from  the  avidity  with  which  it 
ibsorbs  oxygen.  It  exists  in  the  sulphate  and  other  salts  of 
nniy  formed  when  tiie  metal  dissolves  in  an  acid  with  the 

*  Schombein  and  Faraday  in  the  Phil.  Mag.  3rd  Series,  vols.  9,  10,  U,  12 
ind  14. 
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evolution  of  hydrogen,  and  is  precipitated  as  a  wtiitc  fr 
when  potash  is  added  to  these  salts,  which  becomes  blaek 
boiling,  from  loss  of  water.     The  colour  of  the  white  preci] 
changes  by  exposure  to  air  to  grey,  then  to  green,  bluish 
and  finally  to  an  ochrey  red,  when  it  is  entirely  peroxide. 

The  protoxide  of  iron  is  thrown  down  by  alkalies  as  • 
drate^  and  by  alkaline  carbonates  as  a  carbonate,  wfaicli 
white  at  first,  but  soon  become  of  a  dirty  green,  and 
the  same  subsequent  changes  from  oxidation.  Its  salts  are 
precipitated  by  sulphuretted  hydrogen,  the  sulphuret  of 
being  dissolved  by  strong  acids,  but  give  a  black  sulphuret  with 
solutions  of  alkaline  sulphurets.  They  give  a  white  precipitalfi 
with  the  ferrocyanide  of  potassium,  which  gradually  becomeJ  rf 
a  deep  blue  when  exposed  to  air ;  with  the  fern  cyanide,  a  jii^ 
cipitate  which  is  at  once  of  an  intense  blue,  being  one  of  llii 
varieties  of  Prussian  blue.  The  infusion  of  gall-nuts  does  ool 
affect  a  solution  of  the  protoxide  of  iron  when  completely  to 
from  peroxide, 

Protosulphurei  of  iron  is  prepared  by  heating  to  redi 
a  covered  crucible,  a  mixture  of  iron  filings  and  crude  sul] 
in  the  proportions   of  ^   of  the  former  and  4  of  the  latter* 
dissolves  in  sulphuric  and  hydrochloric  acids  with  evolutioi 
sulphuretted  hydrogen  gas  (page  402). 

A  subsulphuret  of  iron,  Fe,  S,  appears  to  be  formed  when 
sulphate   of  iron  is  reduced   by   hydrogen  ;    one-half  of 
sulphur  coming  off  in  the  form  of  sulphurous  acid.     This 
sulphuret  will  correspond  with  the  subsulphurets  of  copper 
lead,  which  crystallize  in  octohedrons. 

Protochloride  of  iron  crystallizes  with  4 HO,  and  is 
soluble.     Like  all  the  soluble  protosalts  of  iron,  it  is  of  a 
colour,  gives  a    green  solution^  and  has   a  great   nriditT 
oxygen. 

ProHodide  of  iron  is  formed  when   iodine  is  digestcu 
water  and  iron  wire,  the  latter  being  in  excess,  and  ii  obi 
as  a  crystalline  mass  by  evaporating  to  dryness.     1%  has 
introduced  into  medical  use  by  Dr.  A.  T.  Thomson-     A 
iron  mire  is  placed  in  the  solution  of  this  salt,  to 
from   oxidising.      The   protiodide   of    iron   dissolves    • 
quantity  of  iodine,  without  liecoming  periodidei  aa  the 
of  iodine  may  be  precipitated  by  starch. 

Proiocyanide  of  iron  is    obtained  with  the 
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II  the  protoxide  of  iron.  When  cyanide  of  potassium  is  added 
tot  protosalt  of  iron,  a  yellowish  red  precipitate  appears,  which 
diaolYeB  in  an  excess  of  the  alkaline  cyanide,  and  forms  the 
farocyanide  of  potassium  (page  450).  A  grey  powder  remains 
on  distilling  the  ferrocyanide  of  ammonium  by  a  gentle  heat ; 
nd  a*  white  insoluble  substance  on  digesting  recently  precipi- 
tated pnusian  blue  in  sulphuretted  hydrogen  water,  contained 
m  1  well-stopped  phial,  which,  although  they  differ  consider- 
ihly  in  properties,  have  both  been  looked  upon  as  protocyanide 
of  iron.  The  most  remarkable  property  of  this  cyanide  is  its 
tndency  to  combine  with  other  cyanides  of  all  classes,  and  to 
ban  double  cyanides,  or  to  enter  as  a  constituent  into  tlie  salt- 
lidicals  ferrocyanogen  and  fcrricyanogen  Cy3  Fc,  and  Cy^  Fe^. 
The  two  following  compounds  are  obtained  when  the  ferrocya- 
lide  and  the  ferricyanide  of  potassium  are  added  to  a  protosalt 
of  iron. 

Ferrocyanide  of  potassium  and  iron ;  3Fe.  K-l-2  (Cyg  Fe). 
~Tlie  bluish  white  precipitate  which  falls  on  testing  a  protosalt 
of  iron  with  the  ferrocyanide  of  potassium  or  yellow  prussiate  of 
potash.  Of  the  four  equivalents  of  potassium  contained  in  two 
Ofoivalents  of  the  latter  "salt  (page  456),  three  are  replaced  by 
flffee  equivalents  of  iron  in  the  formation  of  this  precipitate, 
l4iile  the  three  potassium  unite  with  the  former  salt^radical  of 
the  iron.  This  salt  is  represented  above  as  consisting  of  2  eq. 
tf  ferrocyanogen  with  4  eq.  of  metal  (,*<Fe+  K),  ferrocyanogen 
being  bibasic.  Exposed  to  the  air  it  absorbs  oxygen,  and  be- 
comes blue.  It  then  affords  ferrocyanide  of  potassium  to 
tater,  and  afler  all  soluble  salts  arc  removed,  a  compound  rc- 
Hains,  which  Liebig  names  the  basic  sesquiferrocyanide  of  iron, 
md  represents  by  the  formula  Fe^,  3(Cy3  Fe)  +  Fe^  O3,  whicli 
ionresponds,  as  will  be  seen  afterwards,  with  1  eq.  of  prussian 
doe  + 1  eq.  of  peroxide  of  iron.  This  basic  compound  is  dissolved 
ntirdy  by  continued  washing,  and  affords  a  beautiful  deep  blue 
olation.  The  addition  of  any  salt  causes  the  separation  of  this 
ompound.  Its  solution  may  be  evaporated  to  dryness  without 
leoomposition. 

Ferricyanide  of  iron,  TumbulVs  blue;  3Fe  +  (Cy6  Fe^). — 
ndfl  is  the  beautiful  blue  precipitate  that  falls  on  adding  the  fer- 
icyanide  of  potassium  (red  prussiate  of  potash)  to  a  protosalt 
kf  iron.  It  is  formed  by  the  substitution  of  3  eq.  of  iron  for 
lie  9  eq.  of  potassium  of  the  latter  salt  (page  450).    The  same 
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blue  precipitate  may  be  obtained  by  adding  to  a  protoaaltoC 
iron,  a  mixture  of  yellow  prussiate  of  potash,  chloride  of  iQda« 
and  hydrochloric  acid.  The  tint  of  tMs  blue  is  lighter  nd 
more  delicate  than  that  of  prussian  blue.  It  is  occaaoniDf 
used  by  the  calico-printer,  who  mixes  it  with  permuriate  of  ^ 
and  prints  the  mixture,  which  is  in  a  great  measure  aobfih 
upon  Turkey  red  cloth,  raising  the  blue  colour  afterwards^ 
passing  the  cloth  through  a  solution  of  chloride  of  lim^  oon- 
taining  an  excess  of  lime.  The  chief  object  of  that  O] 
is  indeed  different,  namely,  to  discharge  the  red  and 
white  patterns,  where  tartaric  acid  is  printed  upon  the 
but  it  has  also  the  effect  incidentally  of  precipitating  the  Uhp 
pigment  and  peroxide  of  tin  together  on  the  doth,  by  neQ|ta|- 
lising  the  acid  of  the  permuriate  of  tin.  This  blue  is  bdi0f||l 
to  resist  the  action  of  alkalies  longer  than  ordinary  pnis^ip 
blue.  Mr.  R.  C.  Campbell  observed  that  the  ferricyamdaff 
iron  may  be  distinguished  from  prussian  blue  by  the  drawl- 
stance,  that  when  boiled  in  a  solution  of  yellow  prussiatA^ 
potash,  it  affords  red  prussiate  of  |K)tash,  which  dissolves,  ani  a  I 
grey  insoluble  residue  of  ferrocyanide  of  iron  and  ferrocymifc  I 
of  potassium  (Liebig). 

Carbanaie  of  iron  is  obtained  on  adding  carbonate  rf 
soda  to  the  protosulpliate  of  iron,  as  a  white  or  greenish  wbte 
precipitate,  which  may  be  washed  and  preser\'ed  in  a  bwuM 
condition  in  a  close  vessel,  but  cannot  be  dried  without  loang 
carbonic  acid  and  becoming  peroxide  of  iron.  It  is  soluble^ 
like  the  carbonate  of  lime,  in  carbonic  acid  water,  and  exists 
under  that  form  in  most  natural  clialybeates.  Carbonate  of 
iron  occurs  also  crystallized  in  the  rhomboidal  form  of  cak 
spar,  forming  the  mineral  spathic  iron^  which  generally  coataios 
portions  of  carbonates  of  lime,  magnesia,  and  manganese.  Iti> 
generally  of  a  cream  colour  or  bhick,  and  its  density  rardj  ex- 
ceeds 3.8.  This  anhydrous  carbonate  does  not  absorb  oxyges 
from  the  air.  Carbonate  of  iron  is  also  the  basis  of  day-irOD- 
stone.     There  is  no  carbonate  of  the  peroxide. 

Sulphate  of  iron.  Ferrous  su/p/iatej  Green  vitriol,  CoppeNi't 
FeO,  SO3,  IIO  +  f>HO;  940.4  +  7^7.5  or  75.3+ «3.— This iJt 
may  be  formed  by  dissolving  iron  in  sulphuric  acid  diluted  witb 
4  or  5  times  its  bulk  of  water,  filtering  the  solution  while  bot 
and  setting  it  aside  to  crystallize.  But  the  lai^e  quantities  ^ 
sulphate  of  iron,  consumed  in  the  arts,  are  prepared  simulti- 
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ly  with  alain,   by   the  oxidation   of  iron   pyrites,   (page 

Tlie  commcrctal  salt  is  in  large  rhomboidal  crystals,  from  an 
lique  rhomboidal  prism,  which  effloresce  slightly  in  dry  air^ 
wlien  at  all  damp,  absorb  oxygen,  and  become  of  a  rusty 
I  colour  ;  hence  the  origin  of  the  French  term  couperose  ap- 
to  this  salt,  and  corrupted  in  our  language  into  copperas, 
crystals  be  crushed  and  deprived  of  all  hygrometric 
ire  by  strong  pressure  between  folds  of  cotton  cloth  or  filter 
r,  tbey  may  afterwards  be  preserved  in  a  bottle  without  any 
(finom  oxidation.  Of  the  7  HO  wliich  copperas  contains, 
I  6HO  at  238*,  but  retains  I  eq.  even  at  535*.  It  can  be 
rcr,  perfectly  anhydrous,  with  proper  caution,  with- 
^y  appreciable  loss  of  acid.  It  w*as  observed  by  Mitscher- 
Ikji  to  crystallize  at  17<^>  ^"ith  4 HO,  in  a  right  rhombic  prism, 
Cke  the  corresponding  sulphate  of  manganese*  When  its  so- 
lotioii^  containing  an  excess  of  acid,  is  evaporated  by  heat,  a  sa- 
lifie  crust  is  deposited,  which,  according  to  Kuhn,  contains 
3  HO,  Another  hydrate  has  also  been  obtained  by  diasohnng 
sulphate  in  sulphuric  acid,  which  contains  2 HO,  and  has 
crystidline  form  and  sparing  solubility  of  gypsum  (Mits- 
Itdi).  The  sulphate  of  iron  appears  to  form  neither  acid 
bttsic  salts.  One  part  of  copperas  requires  to  dissolve  it  in 
following  quantities  of  water,  at  the  particular  temperatures 
above  each  quantity,  according  to  the  observations  of 
and  Fimhaber : 

59"—    75.2*— 1 09.  *»—n  4,80—140^—1 83.2*— 194'— 21 2« 
J/if— 1,43— 0.87—  0.66—  0.44—0.38—0.37—0.^7—0.30 

^The  sulphate  of  iron  undergoes  decomposition  at  a  red  heat, 
%Mngcn  into  sulphate  of  the  peroxide,  and  leaves,  after  all  the 
loid  is  expelled,  the  red  peroxide  known  as  colcothar.  This 
ndphate,  like  all  the  magnesian  sulphates,  forms  a  double  salt 
fWi  jnilphate  of  potash,  containing  6 HO.  A  solution  of  the 
mlphftie  of  iron  absorbs  nitric  oxide,  and  becomes  quite  black  ; 
it  takes  up  the  gas  in  the  proportion  of  9  parts  to  100  anhy- 
6tiiii  aalt,  according  to  Peligot,  or  one-fourth  of  an  equivalent 
(pate  ^BB\. 

FrQlmtiirate    e/  iron   may    be    formed    by   dissolring  the 

ffotoitilphuret  of  iron  in  nitric  acid,  diluted  and  cold  ;  the  solu- 

wl»  e^*iir*nr;itfd    in   viicua  givcs  pnle  grecn  crystals,  which  are 
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very  soluble.  Tlie  solution  of  the  neutral  salt  is  decompoied 
near  the  boiling  temperature,  with  the  evolution  of  nitric  oxide, 
and  the  precipitation  of  a  subnitrate  of  the  peroxide  in  abun- 
dance. Iron  turnings  dissolve  in  pure  nitric  acid,  and  form  tbe 
same  salt,  without  the  evolution  of  any  gas,  the  water  and  idd 
undergoing  decomposition,  so  as  to  produce  ammonia,  while 
they  oxidate  the  iron. 

Protacetate  of  iron  is  obtained  by  dissolving  the  metal  or 
its  sulphurct  in  acetic  acid.  It  forms  small  green  prisms,  which 
decompose  very  readily  in  the  air. 

Tartrate  of  potash  and  iron  is  prepared  by  boiling  biUr- 
trate  of  potash  with  half  its  weight  of  iron  turnings  and  a  small 
quantity  of  M'ater.  Hydrogen  gas  is  evolved,  and  a  white, 
granular  and  sparingly  soluble  salt  is  formed,  which  blackens  in 
air  from  absorption  of  oxygen.  It  is  used  medicinally.  The 
iron  of  this  salt  is  not  precipitated  either  by  hydrate  or  car- 
bonate of  potash. 

The  titanate  of  iron  occurs  in  masses  of  a  metallic  black,  or 
as  black  grains  in  volcanic  sand.  It  crystallizes  in  the  form  of 
peroxide  of  iron,  (page  146),  with  which  it  is  often  mixed.  Its 
formula  is  FeO,l'i02. 

PERCOMPOUNDS  OF  IRON. 

Pero.ridr  of  iron,  Ferric  OTldcj  Fco  O^  ;  97'^-l  or  ';9^:6Cw' 
Occurs  in  great  a])undancc  in  nature  :  1.  As  ofif/istir  or  .yKTular 
iron,  in  crystals  derived  from  a  rlioniboid  very  near  the  cube, 
which  are  of  a  brilliant  metallic  ])lack  and  often  iridescent. 
Their  powder  is  red;  their  density  from  5.01  to  5.2'J.  This 
forms  tlie  cele])rated  Elba  ore.  2.  As  red  tiematiti\  in  fibrous, 
mamillated,  or  kithiey-shaped  masses,  of  a  dull  red  and  very  hard, 
of  which  the  density  is  from  l.S  to  5.0.  This  mineral  is  cut, 
and  forms  the  l)ur!us]iers  of  blood-stone.  3.  Also  in  combination 
with  water,  as  hroim  hvinntitcy  whi(*]i  is  much  more  abunclantlf 
diffused  than  the  aiiliydrous  peroxide,  the  granular  variety 
supplying,  according  to  M.  Bcrthicr,  more  than  three-fourths  of 
the  iron  furnaces  in  France.  Its  density  is  3.922,  its  powder 
brown,  with  a  shade  (^f  yellow,  and  it  dissolves  readily  in  acids, 
which  the  anhydrous  peroxide  does  not.  From  analyses  ot 
Dr.  Thomson  and  M.  Berthier,  tliis  mineral  occurs  with  I  ^• 
of  water,   or  IK),  Fe.,  O.^,  analogous   to   tlie   niaijnetic  oxide <^ 
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iiwijFeO,  Fe^Og-*  The  hydrated  peroxide  produced  by  the 
(nidation  of  iron  pyrites,  of  vvhicli  it  retains  the  form,  contains 
leq.  of  water,  or  10.31  per  cent,  and  that  from  the  oxidation 
of  the  carbonate  of  iron,  3  eq.  of  water,  or  14.71  per  cent,  to 
2eq.  of  peroxide,  (Mitscherlich,  Lehrbuch,  11.  2.),  1840.)  The 
Iij^te  is  the  yellow  coh)uring  matter  of  clay,  and  with  sihca 
and  clay  it  forms  the  varieties  of  ochre. 

When  metallic  iron  is  oxidated  gradually  in  a  large  quantity 
of  water,  there  forms  around  it  a  light  precipitate  of  a  bright 
mnge  yellow,  wliich  is  a  ferric  hydrate,  according  to  fierzclius, 
and  of  which  the  empirical  formula  is  2Fe2  Oa+.JllO,  the 
vnial  composition  of  brown  hematite.  When  iron  is  oxidated 
in  deep  water,  it  is  converted,  accordinij  to  Mr.  K.  Davy,  into 
the  magnetic  oxide,  which  is  possil)ly  formed  by  cemenUition 
from  the  hydrated  peroxide.  The  hydrated  jicroxide  is  also 
obtained,  by  precipitation  from  tlie  pcrsalts  of  the  metal,  by 
ammonia  and  by  a  hydrated  or  carbonated  alkali ;  but  never 
pore,  as  when  an  insufKcient  quantity  of  alkali  is  added,  a  sub- 
salt  containing  acid  falls,  and  when  the  alkali  is  added  in  excess, 
a  portion  of  it  goes  down  in  combination  with  the  peroxide,  and 
amnot  be  entirely  removed  by  washing.  When  ammonia  is 
ised,  tlie  water  and  excess  of  the  precipitant  can  be  expelled  by 
gfnition,  and  the  pure  peroxide  obtained.  The  latter  is  not 
lagnetic,  and  after  ignition  dissolves  with  difKculty  in  acids. 
Vhen  ignited  strongly,  it  loses  oxygen  and  becomes  magnetic. 
The  peroxide  of  iron  and  its  compounds  are  strictly  isomor- 
hous  with  alumina  and  the  conipouinls  of  that  earth,  and 
smarkably  analogous  to  them  in  properties.  It  is  a  weak  base, 
f  which  the  salts  have  a  strong  acid  reaction,  and  are  decom- 
osed  by  all  the  magnesian  carbonates,  as  well  as  by  the  mag- 
esian  oxides  themselves.  The  solutions  of  its  salts,  which  are 
eatral  in  composition,  have  generally  a  yellow  tint,  but  they 
re  all  capable,  when  rather  concentrated,  of  dissolving  a  great 
Kcess  of  peroxide  and  then  become  red.  Very  dilute  solutions 
f  the  neutral  salts  of  peroxide  of  iron  are  decomposed  by 
bullition,  and  the  peroxide  entirely  precii)itatcd,  the  acid  of 
le  salt  then  uniting  with  water  as  a  base,  (Scheercr.) 

•One  of  the  liydratcs,  probably  tbist  one,  (icnirs  very  r.iroly  crystalli/.i'H  in  very 
naU  erystnU,  derii'ed  from  ibc  cube  or  oi-ti)bi>(!roii,  (IttTtbiiT,  Traits,  II. 'i'i.'i), 
ist  iftf  in  the  form  of  tbe  tna^nelic  oxide  of  iron  -a  cirnimstiuice  of  {^reat  iiiti*- 
st,  if  it  19  iin  inslanre  of  tbe  isoino''|ibi<iiii  nf  bydrt^^oii  ivilb  iioii  or  a  iTiagiu*&i.in 
cUl. 
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Iron  is  most  conveniently  distinguished  by  tests,  or  pTeoB 
tated  for  its  quantitative  estimation^  when  in  the  state  ofj 
oxide.     The  solution  of  a  proto*salt  is  usually  i  1i| 

transmitting  a  current  of  chlorine  through  it,  or  1>; 
at  the  boiling  pointy  nitric  actd^  in  smdl  quantities,  so  lohgl 
effervescence  is  occasioned  from  the  escape  of  nitric  ox 
Alkalies  and  alkaUne  carbonates  precipitate  the  peroxide  ta  I 
state  of  hydrate.  Sulphuretted  hydrogen  converts  a 
iron  into  a  protosalt,  with  precipitation  of  sulphur.  Tlie" 
cyanide  of  potassium  throws  down  prussian  blue,  but  the  fei 
cyanide  has  no  effect  upon  a  persalt  of  iron.  The  sulphocyaiiU 
of  potassium  produces  a  deep  wine-red  solution  with  a  per 
of  iron,  which  becomes  perfectly  colourless  when  considerablj 
diluted  with  water,  provided  the  salt  of  iron  is  not  in 
excess.  Infusion  of  nut-galls  produces  a  bluish  black  prectpiti 
— the  basis  of  common  writing  ink. 

Biack  or  magneiic  oxide  of  iron,  Fe  O,  Fe,  O3,  called 
the  ferroso-ferric  oxide,  an  important  ore  of  iron,  is  a  comp 
of  the  two  oxides.  It  crystallizes  in  the  regular  octohe 
In  this  compound,  the  peroxide  of  iron  may  be  rept 
alumina  and  by  oxide  of  chromium,  and  the  protoxide  ^ 
by  oxide  of  zinc,  magnesia,  and  protoxide  of  manganese,  without 
change  of  form-  It  was  produced  artificially,  by  Liebig  mi 
Woliler,  by  mixing  the  dry  protocbloride  of  iron  uith  an  cxccis 
of  carbonate  of  soda,  calcining  the  mixture  in  a  crucibk,  wnJ 
treating  the  mass  with  water,  Tlie  double  oxide 
black  powder,  which  may  be  washed  and  dried 
oxidating  farther.  The  same  chemists,  by  dissolving  the  bbck 
oxide  in  hydrochloric  acid,  and  precipitating  by  ammo  *^ 
obt^ed  a  hydrate  of  the  double  oxide.  It  was  attracted  1 
magnet,  even  when  a  flocculent  precipitate  suspended  in 
When  ignited  and  anhydrous,  this  double  oxide  is  mudli  cnO 
magnetic  than  iron  itself. 

Sesquisulphuret  of  irony   or  Ferric   mlphureiy    Fe^Sj, 
responding  with  the  peroxide,  may  be  prepared  by  pou 
drop  by  drop,  a  solution  of  a  persalt  of  iron,  into  a  solotioh  d 
an  alkaline  sulphuret,  the  last  being  preserved  in  execsi. 
low  red  heat,  it  loses  2-9ths  of  its  sulphur  and  V  -- 

netic  pyrites.  The  common  yellow  iron  pyrites  is  . 
of  iron.    It  crystallizes  in  the  cube  or  other  forms  of  the) 
system,  its  densit)'  is  4.981.     It  may  be  formed 
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og  the  protOBulphuret  with  half  its  weight  of  sulphur,  and 
ib^  io  a  retort  by  a  temperature  short  of  redness.  The 
lUc  anlpharet  combines  with  a  quantity  of  sulphur  equal  to 
it  alzeady  possesses,  and  forms  a  bulky  powder  of  a  deep 
r.  cxdonr  and  metallic  lustre,  upon  which  sulphuric  and 
KsUoric  acids  have  no  action.  This  sulphuret  appears  to 
a  stable  nature,  but  the  lower  sulphurets  of  iron  oxidate, 
.  moistened,  with  great  avidity.  Stromeyer  found  the 
e  magnetic  sulphuret  of  iron  to  consist  of  100  parts  of  iron 
incd  with  68  of  sulphur ;  and  the  sulphuret  left  on  distil- 
ron  with  sulphur,  at  a  high  temperature,  to  be  of  the  same 
osition.  It  may  be  viewed  as  5Fe  S  +  Fe^  S3  (Berzelius.) 
laid  to  be  this  compound  which  is  almost  always  formed 
sulphuret  of  iron  is  prepared. 

reUaride  qf  tron,  Fe,  CI3,  is  formed  when  iron  is  burned 
excess  of  chlorine.  It  is  volatile  at  a  red  heat.  Its  solu- 
which  is  used  in  medicine,  is  obtained  by  dissolving  the 
ited  peroxide  of  iron  in  diluted  hydrochloric  acid.  When 
[y  concentrated,  the  solution  of  perchloride  of  iron  yields 
s  time  orange  yellow  crystalline  needles,  radiating  from  a 
B,  which  are  Fe2Cl3  +  12HO;  at  another  time,  large  dark 
visb  red  crystals,  Fe^Cls+.^HO  (Mitscherlich,  Lehrbuch 
)8.)  Mixed  with  sal  ammoniac,  and  evaporated  in  vacuo, 
nrds  beautiful  ruby  red  octohedral  crystals,  consisting  of 
of  chloride  of  ammonium,  and  1  eq.  perchloride  of  iron, 
2  eq.  of  water,  Fe^  CI3, 2N  H^  CI  -f  2HO.  Of  this  water, 
[mble  salt,  I  find,  loses  I  eq.  at  150%  and  the  other  when 
above  300"".  There  is  a  similar  double  salt,  containing 
de  of  potassium,  but  not  so  easily  formed.  The  per- 
de  of  iron  is  soluble  both  in  alcohol  and  ether.  A  strong 
us  solution  was  found  by  Mr.  Phillips  to  dissolve  not  less 
4  eq.  of  freshly  precipitated  hydrated  peroxide  of  iron, 
ling  deep  red  and  opaque. 

iodide  of  iron  is  formed  in  similar  circumstances  as  the 
ling  perchloride. 

Vjfmdde^  or  sesquicyanide  of  iron,  FcjCy,,  is  unknown 
pure  state.  A  solution  of  it,  which  is  decomposed  by 
ration,  is  obtained  by  precipitating  the  potash  of  the  red 
ate  by  the  fluoride  of  silicon.  It  forms  a  numerous  class 
able  cyanides.  A  compound  of  the  two  cyanides  of  iron, 
le  compound  oxide,  is  obtained  as  a  green  powder,  when 
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a  solution  of  the  yellow  prussiate  of  potash,  charged  i 
excess  of  chlorine,  is  heated  or  exposed  to  air.  The  prec 
should  be  boiled  with  eight  or  ten  times  its  weight  of  c 
trated  hydrochloric  acid,  and  well  washed.  Its  form 
FeCy,  FeaCvj+lIIO.* 

Sesqtuferrocyanide  of  iron,  Prvssian  blue^  Fe^,  3(Cy3 
This  remarkable  substance  precipitates  whenever  the 
prussiate  of  potash  is  added  to  a  persalt  of  iron.  F< 
preparation  of  prussian  blue  in  quantity,  Liebig  recom 
the  following  process  of  llochsteller.  Six  parts  of  green 
and  six  parts  of  yellow  prussiate  of  potash  to  be  dissolvei 
by  itself,  in  fifteen  parts  of  water,  the  solutions  mixed, 
addition  then  made  to  them  of  one  part  of  oil  of  vitri 
twenty  four  parts  of  strong  hydrochloric  acid.  After 
hours,  a  clear  solution  of  one  part  of  chloride  of  lime  in 
parts  of  water  is  gradually  added,  by  small  portions,  obt 
the  precaution  to  stop  as  soon  as  an  effer^'•e8cence  is  obi 
from  the  disengagement  of  chlorine.  After  being  allo^ 
subside  for  several  hours,  the  precipitate  is  washed  and  d 
the  usual  temperature,  or  by  artificial  heat.  It  is  said  tl 
finest  colour  is  obtained  by  heating  the  precipitate  with 
nitric  acid,  till  it  acquires  a  deep  blue  colour,  instead  of 
ing  by  chlorine. 

Prussian  blue,  dried  at  the  temperature  of  the  air,  is 
porous  body,  of  a  rich  velvety  blue  colour ;  dried  at  a 
temperature,  it  is  more  conpact,  and  exhibits  in  mass  ao 
lustre.  It  is  tjisteless,  and  not  poisonous.  Alkalies  dect 
it,  precipitating  ]^croxidc  of  iron  and  reprodueing  an  a 
ferrocyanidc.  This  renders  prussian  l^lue  of  little  va 
dyeing,  as  it  is  injured  l)y  washing  with  soap,  lied  o; 
mercury,  boiled  with  prussian  blue,  aiFords  the  soluble  c 
of  mercur}-,  with  an  insoluble  mixture  of  oxide  and  cya 
iron.  It  is  destroyed  by  fuming  nitric  acid,  but  combine 
(•il  of  vitriol,  forming  a  white  pasty  mass,  which  is  decoD 
by  water. 

In  the  formula  above,  prussian  blue  is  represented  \ 
sisting  of  1  eq.  of  iron  and  3  cq.  of  the  bibasic  salt-i 
fcrrooyanogen,  and,  therefore,  named  a  sesquiferrocyanii 
contains  oxy^aMi  and  hydrogen,  besides,  which  cannot  b 

•  rt'ioii/c,  All.  ill-  cii.  It  ill-  rii.  t.  <;y,  i».  40. 
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vitbout  the   decomposition    of  the  compound.      In  its 
ion  S  eq*  of  ferrocyanide  of  potassium  react  upon  2  eq.  of 
It  of  iron.  Thus  supposing  the  ferrocyanide  of  potassium 
I  |>erch]oride  of  iron  to  he  mixed  ; 

;  +S(C\%  Fe\  and  4Fe  +6C1  =  4Fe  +3(Cy3  Fe)  and  6K  CK 

pitating  Prussian  blue^  care  should  be  taken  to  avoid  an 

of  the  ferrocyanide  of  potassium,  as  the  precipitate  is 

to  carry  do^^  a  portion  of  that  salt.    The  combination  of 

(ian  blue  and  peroxide  of  iron,  called  l/aw:  prmsian  blue^ 

noticed  at  page  557- 

tbotigh  there  is  no  carbonaie  of  the  peroxide  of  iron^  the 
peroxide  is  dissolved  by  alkaline  bicarbonates,  under 
n  conditions,  which  are   not  well  understood,  and  a  red 
ion  is  formed* 

Iphales  of  iron, — The  neutral  persulphate,  FcgOa^SSOj, 

by  adding  to  a  solution  of  the  protosulphate  half  as 

sulphuric  acid  as  it  already  contains,  and  peroxidising  by 

acid.       It  gives   a  syrupy   liquid,   without   crystallizing* 

salt  is  found  native  in  Chili,  forming  a  bed  of  considerable 

8.     It  is  generally  massive,  but  forms  also  six  sided 

t,  with  right  summits,  which  are  colourless,  and  contain 

(liose.)     The  persulphate  of  iron  is  soluble  in  alcohol. 

may  be  made  anhydrous  by  a  low  red  heat  x  but  after  iguition 

S%lve»  in  water  with  extreme  slowness,  like  calcined  alum. 
rhen  hydrated   peroxide  of  iron  is  digested  in  the  neutral 
hale,  a  red  solution  is  formed,  which,  according  to  Maus,is 
pound  Fe^O^,  2SO3.     The  rusty  precipitate  which  is 
in  a  solution  of  the  protosulphate  Irom  the  absorption 
n,  is  another  subsulphate^  of  which  the  empirical  for- 
S03H-2Fe5  05. 
dooble  persuip/iate  of  iron  and  sulphate  of  potash^  or  trait 
i  '  '  iting  a  solution  of  the  mixed  salts  to 

J  u       It  is  colourless  and  quite  aiialo- 

lu  composition  to  ordinary  alum,  (page  515t)  Its  formula 
8U3  -f  Fej  O3,  3SO3  4-  24  HO. 
er  double  sulphate  is  formed,  which  crystaUixes  in  large 
•tided  tables,  and  of  which  the  formula  is  2(KO,S03)  +  Fe^O^, 
ttOj 4-6110,  (Maus),  when  potash  is  added  gradually  to  a  con- 
onMtod  solution  of  pcxsulphatc  of  iron,  till  the  precipitate 
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formed  ceases  to  redissolve^  and  the  solution  is  evaporated  is 
vacuo. 

Berzelius  designates  as  the  ferroso-ferric  sulphate  a  comWm- 
tion    of  the   proto   aiid  persulphates   of    iron,    FeO,  SOj+ 
Fca  O3, 3SO3.     It  is  the  salt  produced  when  a  solution  of  the 
neutral  protosulphate  of  iron  is  exposed  to  the  air,  till  no  more 
ochre  is  precipitated.    The  solution,  which  is  yellowish  red, 
does  not  crystallize,  but  gives  the  black  oxide  of  iron  when 
precipitated  by  an  alkali.      A  salt  of  the  same  constituentSi  hit 
in  different  proportions,  forms  large  stalactites,  composed  rf 
little  transparent  crystals,  in  the  copper  mine  of  Fahlun.    Hit- 
represented  by  3Fe  0, 2803-1- SCFejOg,  2803)+ 36HO,  (Ber^ 
zelius.) 

Pemitrate  of  iron. — By  dissolving  iron  in  nitric  acid,  with0#. 
heat,  as  in  Schcenbein's  experiments,  (page  553),  a  salt  is  ob^ 
tained  in  large,  transparent,  and  colourless  crystals.  Fivm 
more  than  one  analysis,  M.  Pelouze  found  the  oonstituenti  ol 
this  salt  to  be  in  the  proportion  of  2Fej03+3N05+lJH(K 
Its  solution  is  decomposed  by  heat,  and  the  peroxide  of  ina 
precipitates. 

Peroxalate  of  iron  is  very  soluble  and  does  not  crystalte 
It  forms  a  double  salt  with  the  oxalate  of  potash,  of  a  rich 
green  colour,  of  which  the  formula  is  3(KO,C203)  -f  V^OjfiCfii 
-f  6HO.  The  crystals  effloresce  in  dry  air.  In  this  doid>b 
salt,  the  peroxide  of  iron  may  be  replaced  by  alumina  and  ozidi 
of  chromium  (page  519.)  This  salt  is  formed  by  dissolving  thi 
hydmtcd  peroxide  of  iron  to  saturation,  in  binoxalate  of  potasl^ 
(salt  uf  sorrel,)  and  crystallizes  readily  from  a  concentrated 
solution.  The  circumstance  of  its  being  the  salt  of  peroxide  d 
iron  most  easily  obtained  and  preserved  in  a  dry  state,  shodd 
recommend  it  as  a  pharmaceutical  preparation. 

The  benzoute  and  succinate  of  peroacide  of  iron  are  insoUbk 
precipitates.  Hence  the  benzoate  and  succinate  of  amnranii 
are  employed  to  separate  iron  from  manganese.  As  both  tliei^ 
precipitates  are  dissolved  by  acids,  the  iron  solution  should  b 
made  ns  neutral  as  possible.  The  formula  of  the  succinate  ii^ 
Fe2  03,S. 
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SECTION     III. 

COBALT. 

Eq.  369,  or  29.57 ;  Co. 

Ckibalt  occurs  in  the  mineral  kingdom  chiefly  in  combination 
di  arsenic,  as  arsenical  cobalt,  Co  As ;  or  with  sulphur  and 
lenic^  as  grey  cobalt  ore,  Co  As  +  Co  S,,  but  contaminated 
th'  iron,  nidcel,  and  other  metals.  Its  name  is  that  of  the 
[riiolds  or  evil  spirits  of  mines,  and  was  applied  to  it  by  the 
perstitious  miners  of  the  middle  ages,  who  were  often  de- 
lved by  the  favourable  appearance  of  its  ores.  These  remained 
Ihout  value,  till  the  middle  of  the  sixteenth  century,  when 
Bf  were  first  applied  to  colour  glass  blue.  They  are  now 
oaomed  in  great  quantity  for  the  blue  colours  of  porcelain  and 
Ai^ware.      Cobalt  is  likewise  found  in  almost  all  meteoric 


To  obtain  metallic  cobalt,  the  native  arseniurct  is  repeatedly 
uted^  by  which  the  greater  part  of  the  arsenic  is  converted 
30  arsenious  acid,  and  carried  off  in  vapour,  while  the  impure 
ide  of  cobalt,  known  as  zqffre,  remains.  Tliis  is  dissolved 
kydrocliloric  acid,  and  the  remaining  arsenic  precipitated  as 
lphiiret,by  passing  a  stream  of  sulphuretted  hydrogen  through 
a  Sfdution.  To  get  rid  of  the  iron  present,  the  last  solution, 
bar  filtration,  is  boiled  with  a  little  nitric  acid,  to  peroxidise 
at  metal;  carbonate  of  potash  is  added  in  excess,  which 
rows  down  carbonate  of  cobalt  and  peroxide  of  iron,  llie 
mpitate  is  treated  with  oxalic  acid,  which  forms  an  insoluble 
nli^  of  cobalt  and  the  soluble  peroxalate  of  iron.  The 
of  cobalt  is  dried  and  decomposed  by  ignition  in  a 
crucible,  when  the  oxide  is  reduced  by  the  carbon  of 
M  add,  which  goes  off  as  carbonic  acid,  while  the  metallic 
Ailt  remains  as  a  black  powder.  To  separate  cobalt  from 
bkri^vrith  which  it  is  almost  always  associated,  the  mixed 
Kdates  of  cobalt  and  nickel,  obtained  by  the  preceding  process, 
%  dissolved  in  ammonia,  after  whicli  the  liquid  is  diluted  and 
^posed  to  the  air  in  a  shallow  boson  for  several  days.  The 
smonia  evaporates,  and  the  salt  of  nickel  precipitates  as  a 
een  powder,  while  the  salt  of  cobalt  remains  in  solution.   The 
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liquid  is  then  decanted,  and  if  no  additional  precipitate  subnda 
from  it  in  twenty-four  hours,  it  is  free  from  nickel,  and  may  be 
evaporated  to  dryness.  The  precipitate  of  nickel  contUDi  a 
little  cobalt. 

Co1)alt  is  a  brittle  metal,  of  a  reddish  grey  colour,  somewliii 
more  fusible  than  iron,  and  of  the  density  8.5 LSI  (BerBelim.) 
It  is  generally  stated  to  be  magnetic,  even  when  free  from  im 
and  nickel,  although  a  minute  quantity  of  arsenic  causes  it  to 
lose  that  property.  But  Mr.  Faraday  finds  pure  cobalt  not  to 
be  susceptible  of  magnetism.  Cobalt  is  less  oxidable  in  the  dr 
or  by  acids  than  iron,  dissolving  slowly  in  diluted  hydroddoric 
or  sulphuric  acid,  when  heated^  with  effervescence  of  hydrapai 
but  it  is  readily  oxidised  by  nitric  acid.  This  metfliftmil 
protoxide  and  peroxide,  Co  U  and  C03  O3,  corresponding  with 
the  oxides  of  iron,  and  also  a  compound  oxide,  CoO+C0|(^ 
analogous  to  the  black  oxide  of  iron. 

Protoxide  of  cobalt ,  Co  O,  469  or  37-57. — Prepared  by  tb 
ignition  of  tlie  carbonate,  this  oxide  is  a  powder  of  an  ash  gitf 
colour.  It  is  precipitated  by  an  alkali,  as  a  hydrate,  from  iti 
solutions  in  acids,  of  a  fine  blue.  Fused  wnth  glass,  the  osdt 
of  cobalt  colours  it  blue,  even  when  in  minute  quantityiM 
oilier  colouring  matter  having  so  much  intensity.  Smalt  Wiieii 
a  pounded  potash  glass  containing  cobalt.  The  salts  of  thii 
oxide  have  a  reddish  colour  in  solution.  Thev  are  not  pitd- 
pitatcd  by  sulphuretted  hydrogen,  when  they  contain  a  Strang 
acid,  but  give  a  black  protosulphurct  with  an  alkaline  sulphont 
The  oxide  is  preci])Ltated  blue  by  ammonia^  and  redissoived  bf 
an  excess  of  that  alkali.  It  is  precipitated  as  a  pale  pink  ctf- 
bonatc  by  alkaline  carbonates,  which  is  soluble  in  carbonate  rf 
ammonia.  The  colour  of  the  ammoniacal  solutions  of  the  ob 
of  cobalt  is  red,  which  is  of  a  lively  tint  when  the  oxide  is  poM^ 
but  becomes  of  a  dull  purple  and  even  brown-black  when  oxidi 
of  nickel  is  present  in  greater  or  less  quantity. 

Oxide  of  cobalt  api)ears  to  combine  with  alkalies  and  eaifhib 
as  well  as  with  acids.  It  dissolves  in  fused  potash,  and  impaiH 
a  blue  colour  to  the  compound.  Magnesia,  with  a  drop  4 
nitrate  of  cobalt,  when  dried  and  ignited,  assumes  a  feeble  M 
characteristic  rose  tint,  by  which  the  presence  of  tliat  earth  ii 
minerals  containing  no  metallic  oxides  nor  alumina,  isaaoe^ 
tained  in  bIow])ipe  ex})erimcnts.  A  compound  of  oxide  « 
cobalt  with  alumina  is  obtained  by  mixing  the  solution  of  a  flk 
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f  cobalt,  which  must  be  perfectly  free  from  iron  or  nickel^  with 
solution  of  equally  pure  alum,  precipitating  the  hquor  by  an 
Ekiliiie  carbonate,  washing  tlie  precipitate  with  csirc,  drying  and 
;niting  it  strongly.  It  forms  a  beautiful  blue  pigment,  known 
i  eobalt  blue,  which  may  be  compared  in  purity  of  tint  with 
Itnunarine.  A  comi>ound  of  oxide  of  cobalt  with  oxide  of 
inc  may  be  prepared  in  a  similar  manner,  which  is  a  fine 
reen. 

Chloride  of  cobalif  Co  Cly  is  obtiincd  by  dissolving  zaffre  or 
be  oxide  in  hydrochloric  acid.  Its  solution  is  of  a  pink  red, 
Bd  affords  hydrated  crystals  of  the  same  colour;  but  when 
ighly  concentrated,  the  solution  assumes  an  intense  blue  colour, 
ad  then  affords  blue  crystals  of  chloride  of  cobalt,  which  are 
niiydrous,  (Proust.)  The  red  solution  is  used  as  a  sympathetic 
ik  :  characters  written  with  it  on  paper  are  colourless  and 
ivisible,  or  nearly  so,  but  Avhen  the  paper  is  warmed  by  holding 
'*  near  a  fire  or  against  a  stove,  the  writing  becomes  visible  and 
ppeara  of  a  beautiful  blue.  By  and  by,  as  the  salt  absorbs 
ioistare,  the  colour  again  disappears,  but  may  bo  reproduced 
y*  the  effect  of  heat.  If  the  paper  be  exposed  to  too  high  a 
emperature,  the  writing  becomes  black,  and  does  not  afterwards 
isappear.  The  addition  of  a  salt  of  nickel  to  the  sympathetic 
ik,  gives  a  green  instead  of  blue. 

The  neutral  carbonate  of  cobalt  is  unknown,  oxide  of  cobalt, 
ike  magnesia,  being  thrown  down  from  its  solutions,  by  alkaline 
tihonates,  as  a  carbonate  with  excess  of  oxide.  The  sub- 
ktfbonate  of  cobalt  is  a  pale  red  powder,  which  contains,  ac- 
vding  to  Setterberger,  2  eq.  of  carbonic  acid,  3  eq.  of  oxide 
if  eobalt,  and  4  eq.  of  water. 

•Besides  the  sulphate  of  cobalt  corresponding  with  green 
pftaiol,  another  salt  was  crystallized  by  Mitsclierlich  between 
W  and  86",  containing  G  eq.  of  water,  CoO,  SO.,  +  6lIO, 
•ocnorphous  with  a  corresponding  sulphate  of  magnesia.  Sul- 
phate of  cobalt  forms  the  usual  double  salts  with  sulphates  of 
peCash  and  ammonia,  containing  GIIO. 

Phoiphate  of  cobalt^  2C0O3,  H0,P05,  is  an  insoluble 
sraciintate  of  a  deep  violet  colour.  When  2  parts  of  this  phos- 
phate, or  1  part  of  the  arseniate  of  cobalt,  is  carefully  mixed 
vith  16  parts  of  alumina  and  strongly  ignited  for  a  considerable 
SmCi  a  beautiful  blue  jiigment  is  obtained,  having  all  the  clia- 
M»rs  of  ultramarine,  which  was  discovered  by  Thenard. 
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Arseniate  of  cobalt ^  C03,  As  O5  +  6HO,  exists  as  a  crystaBine 
mineral.     It  contains  6HO,  according  to  Bucholz. 

Peroxide  of  cobalty  Co^O^y  has  not  the  same  importance u 
the  peroxide  of  iron^  as  it  does  not  combine  with  adds.  It  ii 
formed  when  chlorine  is  transmitted  through  water  invfaiek 
the  hydrated  protoxide  is  suspended^  or  when  a  salt  of  the  prot- 
oxide is  precipitated  by  a  solution  of  chloride  of  lime.  In  tin 
former  case,  water  is  decomposed  by  the  chlorinCi  and  hydfo* 
cliloric  acid  produced,  while  the  oxygen  of  the  water  peroildw  \ 
the  cobalt :  Co^  O^  and  HO  and  CI  =  Co^  O3  and  H  d  || 
peroxide  of  cobalt  is  precipitated  as  a  black  hydrate,  coatfr 
ing  2liO.  This  hydrate,  when  cautiously  heated  to  6Ml^^f  j 
700*'  yields  the  black  anhydrous  oxide.  When  the  peroxide  f 
cobalt  is  digested  in  hydrochloric  acid,  chlorine  is  evolTe^fP^ 
the  protocliloride  formed.  Exposed  to  a  low  red  heat|  jt(j( 
peroxide  loses  oxygen,  and  the  compound  oxide,  C!o  O,  Co^% 
is  produced,  (Hess.)  When  the  protoxide  of  cobalt  is  cddM 
with  a  borax  glass,  at  a  moderate  heat,  it  absorbs  oxygen,  wxi^l 
black  mass  is  obtained,  which  mixed  with  manganic  ondb 
serves  as  a  black  colour  in  enamel  painting.  A  cobaltic  apl 
CoOjjjWas  supposed  to  be  formed  by  the  conjoint  action  tf 
oxygen  and  ammonia  upon  the  protoxide,  but  the  evidence  rf 
its  existence  is  insufficient. 

Tliere  exist  three  sulphurets  of  cobalt,  a  protosulphure^ 
scsquisulphuret,  and  bisulphuret. 

Per  cyanide  or  sesquicyanide  of  cobalt  has  not  been  flb* 
tained  in  a  separate  state,  but  it  exists  in  a  class  of  donUp 
cyanides,  of  which  the  radical  is  cobalti-cyanogen,  Cy^  Co^  ■ni' 
logons  to  the  ferricyanides.  The  cobalticyanide  of  potasshm^ 
corresponding  with  the  red  prussiate  of  potash,  is  formed  idict 
protoxide  of  cobalt  or  its  carbonate  is  dissolved  in  caniliB 
potash,  which  has  been  treated  with  an  excess  of  hydrocjiBM 
acid.  It  is  an  anhydrous  salt,  pale  yellow  and  nearly  coIoniM 
when  pure,  of  the  same  form  as  the  ferricyanide  of  potassffl& 
Its  solution  docs  not  aifect  the  salts  of  iron,  but  forms  a  m^ 
coloured  precipitate  with  those  of  the  protoxide  of  cobalt 

A  phosphuret  of  cobalt^  Co,,  P,  \*"as  obtained  by  Rose^  ••  > 
grey  powder,  on  passing  hydrogen  over  the  subphosphate  d 
cobalt  ignited  in  a  porcelain  tube.  It  is  also  produced  Iff 
the  action  of  phosphurettcd  hydrogen  on  the  chloride  of  oobA 
and  may  be  looked  upon  as  analogous  in  composition  to  tk 
former  compound,  H3  P. 


I 


;  NICKEL.  r»7i 

SECTION    IV^ 

NICKEL. 

ii.;.  Eg.  369.7  or  29.G2. 

^Xbis  metal  resembles  iron  and  cobalt  more  than  any  others, 
^piis  associated  with  these  metals  in  meteorites,  and  in  most 
K  the  terrestrial  minerals  which  contain  it.    The  principal  ore 
S'^nickel  is  arsenical  nickel,  a  mineral  having  the  colour  of 
Sc  copper,  to  which  the  German  miners,  having  attempted 
i  Yiaiii  to  extract  copper  from  it,  gave  the  name  cupfer-mckel^ 
Vfdiae  copper*     This  mineral  was  discovered,   by  Cronstedt 
iweden,  in  1751,  to  contain  a  particular  metal,  which  he 
i  nickel.     Nickel  imparts  a  remarkable  whiteness  to  the 
ic  alloys  which  contain  it,  on  which  account  it  has  come 
"kate  to  be  valued  in  the  arts,  being  added  to  brass,  to  form 
le  well  known  imitations  of  silver. 
'  Klie  metal  is  prepared  firom  the  native  arseniuret^  or  from  an 
■rfificial  arseniuret  called  apeiss,  which  contains  about  54  per 
oat  of  nickel^  and  has  been  observed  by  Wohler  in  octohedrons 
of  a  square  base,  having  the  composition  Ni,  As.     Speiss  is  a 
felietallic  substance  which  collects  at  the  bottom  of  the  crucibles 
i^  which  smalt  or  cobalt  blue  is  prepared.     In  that  operation,  a 
itertare  of  quartzy  sand,  potashes,  and  the  roasted  ore  of  cobalt 
wok  fused  together.      Tlie  previous  roasting  never  being  perfect, 
;  of  the  metals  escape  oxidation,  and  hence  when  the  mix- 
I  described  is  fused,  the  cobalt,  which  is  more  oxidable  than 
.  and  copper^  reacts  upon  the  oxides  of  these  metals,  and 
ihem  while  it  is  itself  oxidated  :  the  nickel  and  copper 
Atrate  in  the  speiss,  while  the  smalt  contains  almost  none 
'&ein.    A  salt  of  nickel  may  be  obtained  by  treating  speiss 
powder  with  an  equal  weight  of  sulphuric  acid,  diluted 
mill  four  or  five  times  its  bulk  of  water^  and  adding  gradually 
pn  eqiial  weight  of  nitric  acid,  which  occasions  tlic  oxidation  of 
^aJBj  ihe  nickel  and  arsenic.    The  green  solution  thus  obtained, 
lrii(^  cooled  and  allowed  to  stand  for  twenty-four  hours,  de- 
ttMlta  mucli  arsenious  acid,  from  which  it  may  be  separated  by 
w|ntion.    A  quantity  of  carbonate  of  potash,  equal  to  half  the 
wnght  of  the  speiss,  is  then  added  to  the  solution,  which  is 
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metal,  the  insoluble  oxalate  of  nickel  may  be  p« 

,  the  preceding  salt  by  oxalate  of  ammoniav  was! 

[ignited  gently  in  a  covered  crucible.     The  oxal 

Pthe  oxide  of  nickcl>  and  the  metal  remains  in  a  sp 

is  pyrophoric,  hke  manganese  and  iron  preparer 

1  manner,  if  the  temperature  of  reduction  has 

[jobtain  the  metal  in  a  solid  mass,  it  should  be  fusi 

covered  with  pounded  glass.    The  oxide  of  nicki 

reduced  both  by  carbonic  oxide  and  hydrogen. 

Nickel,  when  free  from  cobalt,  is  silver  wliite, 
air,  and  highly  ductile.  Its  density,  according 
8.27J?,  and  after  being  for^red,  8.66(5,  Nickel  is  n 
to  the  same  extent  as  iron.  Magnets  composed 
lose  their  polarity  at  630^  (Faraday*)  It  is 
fusible  than  iron*  Nickel  forms  two  oxides  corra 
the  protoxide  and  peroxide  of  iron  ;  but  the  dotJ 
of  the  two  oxides  of  nickel,  corresponding  with  t 
of  iron,  has  not  been  observed* 

Protoxide  ofnicktly  NiO  ;  4f;9.7  or  37  Ji2, — Mi 
by  the  ignition  of  the  carbonate  or  nitrate  of 
precipitation  from  its  salts  by  an  alkali^  as  a  darl 
powder,   or  as    a  bulky  hydrate,  of    an     appl 
Ni  O,  HO.     Oxide  of  nickel  is  very  soluble  in  bg 
potash  or  soda.     Ammonia  dissolves  it,  and  lb 
blue  solution,   from  which   oxide  of  nickel  is 
potasli,  bar\les,  and  strontian,   ha\dng  a  consider 
to  combine  with  salifiable  bases.   The  solulionv 
a  green  colour,  much  mom  ini  '        tlntj 
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ilorine  gas.  It  does  not  combine  with  acids,  and  in 
1b  resembles  peroxide  of  cobalt. 
proioiufymhret,  Ni  S.  a  subsulphuret  of  nickel,  Ni,S, 
ike  that  of  manganese,  by  decomposing  the  ignited 
nickel  by  hydrogen.  A  tMulphuret  of  nickel  also 
nbination  as  a  constituent  of  the  mineral,  nickel- 
j+NiAs. 

of  nickelj  NiCl,  forms  a  solution  of  an  emerald 
%  and  yields  by  evaporation  a  hydrated  salt  of  the 
',  which  becomes  yellow  when  deprived  of  its  water 
ation.  Chloride  of  nickel,  sublimed  at  a  high  tem- 
thout  access  of  air,  forms  golden  scales,  which 
h  difficulty. 

qf  nickel  crystallizes  from  a  strong  solution  in 
in  prisms,  isomorphous  with  epsom  salt,  of  which 
ition  is  NiO^  SO3  +  7HO.  At  a  higher  temperature, 
es  with  6  eq.  of  water,  NiO,S03  +  6HO,  like  the 
id  cobalt  salt,  and  in  the  same  form.  M.  Mitscher- 
de  the  singular  observation,  that  when  the  crystals 
J  eq.  of  water  are  exposed,  in  a  close  glass  vessel,  to 
nshine,  or  kept  for  some  time  in  a  temperate  place^ 
\  their  form,  becoming  a  mass  of  small  crystals,  of 
arm  is  the  regular  octohedron.  The  original  crystals 
que  from  this  change,  but  lose  none  of  their  com- 
\  Sulphate  of  nickel  forms  the  usual  double  salts 
tea  of  potash  and  ammonia. 

il  white  alloy  of  nickel,  German  silver,  or  packfong, 
vy  fusing  together  100  parts  of  copper,  GO  of  zinc, 
dckel. 

SECTION    V. 

ZINC. 

Eq.  40S.2  or  32.31;  Zn. 

npal  ores  of  zinc  are  calamine^  or  the  carbonate,  a 
mineral  generally  of  a  reddish  or  flesh  colour,  and 
a  massive  mineral  of  an  adamantine  lustre,  and  oflen 
s  oxide,  from  the  carbonate  or  from  the  calcined 
18  reduced  by  means  of  carbonaceous  matter.  This 
onducted  in  a  distillatory  apparatus,  of  a  particular 
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form,  owing  to  the  volatility  of  the  metal.     It  cofii 
crucible,  covered  above,  with  an  iron  tube  in   its  ! 
which  the  upper  open  extremity  is  in  the  crucible^ 
other  terminates  over  a  vessel  of  water  below  the  fumi 
gaseous  products  and  vapour  of  zinc  escape  by  this 
the  latter  is  condensed  in  the  water.     Zinc  may  be 
a  second  distillation  in  a  porcelain  retort,  but  the  fimi 
of  that  metal  which  come  over  should  be  rejected,  u  tlii 
rally  contmn  cadmium  and  arsenic. 

Zinc  is  a  white  metal,  with  a  shade  of  blue,  and  poM 
bright  metallic  lustre.  It  is  usually  brittle,  and  ita 
exhibits  a  cry^stalUne  structure*  But  zinc,  if  pure, 
hammered  into  thin  leaves,  at  the  usual  temperature;  aig 
merdal  zinc,  which  is  impure  and  brittle  at  a  low  tenqK 
acquires  the  same  malleability  between  210**  and  500"  » 
then  be  laminated ;  and  the  metal  is  now  consumed  in  d 
of  sheet  zinc  for  a  variety  of  useful  purposes.  At  400^ 
becomes  brittle,  and  may  be  reduced  to  powder  in  a  a 
that  temperature.  The  density  of  cast  zinc  is  6*862,  bu( 
be  increased  by  forging  to  J.^l,  Its  point  of  fusion 
(Daniell.)  At  a  red  heat,  zinc  rises  in  vapour,  and  takai 
air,  burning  with  a  white  flame  like  that  of  pbosphort 
white  oxide  produced  is  carried  up  mechanically  in 
although  itself  a  fixed  substance.  Laminated  atinc  is  a 
substance,  from  its  little  disposition  to  undergo  o 
When  exposed  to  air,  or  placed  in  water,  its  surfiuse  I 
covered  with  a  grey  film  of  suboxide,  which  does  not 
this  film  is  better  calculated  to  resist  both  the  tneci 
chemical  effects  of  other  bodies  than  the  metal  itself^ 
serves  it-  Zinc  dissolves  with  facility  in  dilute  hydrq 
sulphuric  and  other  hydrated  acids,  by  substitution  for  kji 
In  contact  with  iron,  it  protects  the  latter  from  oxidatioi 
saline  fluid.  Zinc  forms  probaljly  three  oxides,  the 
referred  to,  the  protoxide,  and  a  peroxide,  when  the  fa 
protoxide  is  acted  upon  by  a  solution  of  peroxide  of  byi 
but  of  these,  the  first  and  last  have  not  b€«n  at]ulied,i 
protoxide  is,  therefore,  the  only  well  known  oxid€  of 

Protoxide  of  zinc  ;  ZnO ;  503.2  or  40.31.— M«y  hm 
by  the  combustion  of  the  metal  in   a  stonewmm  crudi 
white  powder,  or  by  precipitation  frora  its  aaUs,  by 
as  a  white  hydrate.     It  is  of  a  yellow  colour  at  a  higb 
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^jb^b,  -diaappears  on  cooling.  Oxide  of  zinc  combines 
cCs  mod  forma  salts,  which  are  colourless  like  those  of 
^«>  It  is  precipitated  as  a  white  gelatinous  hydrate,  by 
^  ^md  redissolTcd  by  an  excess  of  that  alkali.  It  is 
in  potash  and  soda,  and  combines  with  several 
oaddes.  Its  salts,  containing  a  strong  acid  in  excess, 
E'^Bcted  by  sulphuretted  hydrogen,  but  give  a  white 
^"^^pbuiet  with  an  alkaline  sulphuret.  By  the  oxida- 
^*^  in  air  and  water,  without  access  of  carbonic  acid,  a 
lO  +  HO,  has  been  obtained  in  crystalline  needles, 
ch.) 

-^^^''Te  tulphuret  of  zinCj  or  zinc  blende,  Zn  S  ;  crystal- 
^^^"^ohedrons.  Its  colour  is  variable,  being  sometimes 
^•^d,  brown  or  black. 

^m^^  qf  zinc,  Zn  CI,  is  produced  by  the  combustion  of 
^^orine,  and  by  dissolving  the  metal  in  hydrochloric 
^s  fusible  at  212%  volatile  at  a  red  heat,  and  perhaps 
^c^eliquescent  of  salts. 
^  ^fzinCj  is  formed  by  digesting  iodine,  zinc  and  water 
^»    ^nd  resembles  the  chloride. 

^^\itral  carbonate  of  zinc,  forms  the  ore  of  zinc,  cala- 
^  ^A^hen  precipitated  by  an  alkaline  carbonate,  the  salts  of 
^^^^^  those  of  magnesia,  yield  the  neutral  carbonate  in  com- 
»n  with  hydrated  oxide,  2(ZnO,  C02)  +  S(ZnO,  HO), 
wnend  substance,  zitic  bloom,  is  of  the  same  composition. 
l^fitated  in  tlie  cold,the  carbonate  is  ZnO,C03  +  2(ZnO,HO), 
^  V  contaminated  by  sulphate  of  soda,  (Mitscherlich.) 
itdpiaieofzmc,  fVhite  vUriol,  ZnO,  SO^-f  7HO.— This  salt 
'aaati  by  the  oxidation  of  the  native  sulphuret  at  a  high 
ipentoie,  or  by  dissolving  the  metal  in  dilute  sulphuric  acid, 
■ystallises  in  colourless  prismatic  crystals,  containing  7  eq- 
rater,  of  which  the  form  is  a  right  rhombic  prism.  These 
ialm  are  soluble  in  2^  times  their  weight  of  water,  at  tlie 
ll  temperature,  and  fuse  in  their  water  of  crystallization, 
n  heated.  It  also  crystallizes  above  86»,  with  H  eq.  of 
ir,  in  an  oblique  rhombic  prism  (Mitscherlich).  Another 
nrte  is  formed  and  precipitated  as  a  white  powder,  accord- 
16  Kuhn,  containing  2  eq.  of  water,  when  a  concentrated 
ftion  of  sulphate  of  zinc  is  mixed  with  oil  of  vitriol.  The 
»hste  of  sine  forms  the  usual  double  salt  with  sulphate  of 
lah,  ZnO,  SOg  +  KO,  SO,+6HO.    The  double  sulpliate  of 

V  V 
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zinc  and  soda  contains  4  atoms  of  water,  ZnO^  SO^+NaO^S 
4HO.  It  is  formed  by  a  singular  decomposition  (page 
When  a  solution  of  the  sulphate  is  mixed  with  a  qoani 
alkali  less  than  sufHcient  for  complete  precipitation,  a  Min 
of  zinc  precipitates,  which  according  to  the  analyses  off 
chemists,  contains  4  eq.  of  oxide  of  zinc  to  1  eq.  of  sulphui 
besides  water.  A  concentrated  solution  of  sulphate  of  a: 
solves  the  preceding  subsalt,  and  when  saturated  contains 
pound  of  I  eq.  of  acid  and  2  eq.  of  base,  according  to  Scb 
and  does  not  crystallize.  From  this  solution  Schindler  o1 
the  former  insoluble  subsalt  with  two  different  proport 
water,  in  long  crystalline  needles,  containing  lOHO,  1 
spontaneous  evaporation  of  the  solution,  and  in  brilliant  i 
line  plates,  containing  2HO,  which  were  deposited  on 
the  solution.  He  also  obtained  another  subsalt,  by  dilnt 
same  solution  with  a  large  quantity  of  water,  as  a  ligfai 
precipitate,  which  contained  1  eq.  of  acid,  8  eq.  of  oxide  < 
and  2  eq.  of  water.  The  insoluble  matter  which  prec 
when  dry  sulphate  of  zinc  combined  with  1  eq.  of  aii 
(page  412),  is  thrown  into  water,  is  considered,  by  Dr,  ] 
third  subsulphate  of  zinc,  containing  1  eq.  of  acid,  Q  eq.  c 
of  zinc,  and  10  eq.  of  water.  All  these  subsulphatea 
neutral  sulphate  of  zinc  to  water,  after  being  heated  to  r 
so  that  whatever  their  constitution  may  be,  when  hydrati 
certainly  different  from  what  it  is  in  their  anhydrous  com 

Nitrate  of  zitiCy  ZnO,  NO5  +  GUO,  is  very  soluble  in 
and  moderately  deliquescent. 

Phosphate    of    zinc,    ZnO^.  HO,  P05-h2HO,    is   0I 
in  minute  silvery  plates,  which  are  nearly  insoluble,   on 
dilute  solutions  of  phosphate  of  soda  and  sulphate  of  zinc 

Silicate  of  zinc  is  found  as  a  crystalline  mineral, 
has  received  the  name  of  the  electrical  oxide  of  zinc,  bee 
acquires,  like  the  tourmalin,  a  high  degree  of  electrical  f 
when  heated.  It  contains  water,  and  may  be  represen 
the  formula  2  (3ZnO,  SiOa)  +3  HO. 

The  most  important  alloys  of  zinc  are  those  with  < 
whicli  form  the  varieties  of  brass.     Zinc  also  combines 
with  iron,  and  is  contaminated  by  that  metal,  when  fiistt 
iron  crucible. 
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£  CADMH  M. 

i  Eg.  Gi)G.S  or  :>.>.S3 ;  Cd. 

;         This  metal  is  frequently  found  in   small  quantity  with  zinc, 
J    ind  derires  the  name  cadmium,  applied  ti>  it   by  Stn»meyer, 
IRNii  cadmia  fosHliSy  a  denomination  liy  wliicli  the  common  ore 
rf  sine  was  formerly  designated.     In   the  process  of  reducing 
ores  of  zinc,  the  cadmium  which  they  contain  c(mies  over  among 
the  first  products  of  distillation,  owini^  to  the  .ii:rcat  volatility  of 
tfiat  metal.     It  may  be  separated  from  zinc,  in  an  a(*id  solution, 
liy  sulphuretted  hydrogen,  which   throws  down   cadmiuin  as  a 
^IIow  sulphuret.       This  sulphuret   dissolves  in  concentrated 
hydrochloric  acid,  affordini;  the  chloride  of  cadmium,  tVoni  which 
the  carbonate  may  be  prccij)itated  by  an  excess  ol'  carbonate  of 
ammonia.     Carbonate  of  cadmium  is  converted  by  ignition  into 
the  oxide,  and  the  latter  yields  the  metal  when  mixed  with  one- 
tenth  of  its  weight  of  pounded  coal,  and  distilled  in  a  glass  or 
^fiorcelain  retort,  at  a  low  red  heat. 

Cadmium  is  a  white  metal,  like  tin,  very  ductile  and  m.illea- 
%lc.  It  fuses  considerablv  under  a  red  heat,  and  is  ncarlv  as 
Tolatile  as  mercury.  The  density  of  cadmium,  rast  in  a  mould, 
\b  8.604,  after  being  hammered,  J^.fJDIL  Cadmium  may  be 
fissolved  in  the  more  powerful  acids,  by  substitution  for  hydro- 
Jen,  with  the  aid  of  heat ;  but  nitric  acid  is  its  proper  solvent. 

Oxide  of  cadminm,  CdO  :  7;)r;.M  or  r>.i.8.J.— The  only  known 
oxide  of  cadmium  is  obtsiined  by  the  combustion  of  the  metal, 
or  by  the  ignition  of  its  carbonate,  as  a  powder  of  an  orange 
eolotir,  or  as  a  white  hydrate  by  precipitation  from  its  salts  by 
im  alkali.  Its  density,  in  the  anhydrous  condition,  is  8. 183, 
(Rerapath.)  This  oxide  is  soluble  in  ammonia,  but  not  in  its 
carbonate,  (differing  in  the  last  property  from  zinc  and  copper), 
llbr  in  the  fixed  alkalies.  Its  salts  are  white,  and  greatly  re- 
semble those  of  zinc.  They  arc  precipitated  <if  a  fine  yellow  by 
sulphuretted  hydrogen. 

Sulphuret  of  cadmium  is  distinguished  from  sulphuret  of 
arsenic,  which  it  resembles  in  colour,  by  being  insoluble  in 
potash,  and  by  sustaining  a  red  heat  without  s\d)liming. 
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Chloride  and  iodide  of  cadmium  are  easily  crystallized  in  eon 
bination  with  water. 

Sulphate  of  cadmium  forms  efflorescent  crystals,  CdO,  SOj-l' 
4 HO;  and  forms  a  double  salt  with  sulphate  of  poUsk: 
CdO,  SO3  +  KO,  SO3  +  6HO. 

Several  definite  alloys  of  cadmium  have  been  formed.  Ait 
red  heat^  100  parts  of  platinum  retain  1 17»3  parts  of  cadmwii^ 
giving  a  compound  Cd<2Pt :  100  parts  of  copper  retain,  it  a  nd 
heat,  82.2  of  cadmium,  which  approaches  nearly  the  propoitiol 
ofCdCu2.  Cadmium  forms  an  amalgam  with  mercury^  wUA 
crystallizes  in  octohcdrons,  and  consists  of  21.74  parts  of  oidL 
mium,  and  78.26  of  mercury,  or  CdHg^. 

SECTION    VII. 

COPPER. 

Eq.  395.7  or  31.71 ;  Cu  {cuprum.) 

Copper,  if  not  the  most  abundant,  is  certainly  one  of  thi 
most  generally  diffused  of  the  metals.  Its  ores  arc  oflen  acooin- 
panied  by  metallic  copper,  crj'stallized  in  cubes  or  octohedronfc 
The  richest  mines  of  this  country  are  those  in  Cornwall  and 
Anglesea.  The  common  ore  of  this  metal  is  copper  pyrite$,i 
compound  of  subsulphuret  of  copper  and  sesquisulphuret  of 
iron,  or  a  sulphur  salt,  Cu^S -f  Fc^Sg,  but  in  which  the  tfo 
sulphuret^  arc  also  found  in  other  proportions,  and  which  often 
contains  an  admixture  of  the  bisulphuret  of  iron.  Few  metair 
lurgic  processes  require  more  skill  and  attention  than  tk 
extraction  of  copper  from  this  ore.  The  first  object  of  the 
process  is,  by  roasting  the  ore  at  a  high  temperature,  in  contact 
with  siliceous  matter,  to  oxidate  and  convert  the  iron  into 
a  fusible  silicate  or  slag,  while  the  less  oxidable  copiier  is  ob- 
tained as  the  fusible  subsulphuret  of  copper,  but  still  contamir 
nated  with  a  considerable  quantity  of  protosulphuret  of  iron* 
By  alternate  oxidation  of  the  last  product,  and  reduction  bf 
carbonaceous  matter  in  contact  with  quartzy  sand,  more  of  the 
iron  (ind  other  oxidable  substances  are  separated  in  the  form  of 
scorite,  and  the  same  end  is  afterAvards  more  perfectly  attained 
by  directing  a  strong  blast  of  air  upon  the  surface  of  the  melted 
copper. 
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With  die  exception  of  titanium,  copper  is  the  only  metal  of  a 
ned  oobur.  The  crystals  of  native  copper,  and  of  that  obtained 
b  die  humid  way  by  precipitation  with  iron,  belong  to  the 
itEgoiar  system  ;  but  the  crystals  which  form  in  the  cooling  of 
ndted  copper  were  found  by  Secbeck  to  l>e  rhomboidal,  and  to 
■ve  a  different  place  in  the  thermo-electric  series  from  the 
iber  crystals.  The  density  of  copper  when  cast  is  about  8.83, 
ad  when  laminated  or  forged  8.95  (Berzelius.)  It  is  less  fusible 
bm  silTer,  but  more  so  than  gold,  its  point  of  fusion  being 
Mfi»  (Daniell.)  It  is  one  of  the  most  highly  malleable  metals, 
ndin  tenacity  is  only  inferior  to  iron.  It  has  much  less  affinity 
n  oxygen  than  iron,  and  decomposes  water  only  at  a  bright  red 
eat,  and  to  a  small  extent.  In  damp  air,  it  acquires  a  green 
Dating  of  subcarbonate  of  copper,  and  its  oxidation  is  remark- 
bly  promoted  by  the  presence  of  acids.  Tiie  weaker  acids, 
Dch  as  acetic,  have  no  effect  upon  cop]X!r,  unless  with  tlie 
oncurrence  of  the  oxygen  of  the  air,  when  the  copper  rapidly 
ombines  with  that  oxygen,  and  a  salt  of  the  acid  is  formed, 
lopper  scarcely  decomposes  the  hydratcd  acids,  by  displacing 
ydrogen ;  for  when  boiled  in  hydrochloric  acid,  it  disengages 
nly  the  smallest  traces  of  that  gas.  But  hydrogen  docs  not 
recipitate  metallic  copper  from  solution.  Cop])er  acts  violently 
D  nitric  acid,  occasioning  its  decomposition,  with  evolution  of 
itric  oxide,  and  dissolving  as  a  nitrate. 

Suboxide  of  copper ,  Red  oxide  of  copper y  CU2C);  85)1.4  or 
1.42. — ^This  degree  of  oxidation  is  better  marked  in  copper 
lan  in  any  other  metal  of  the  magncsian  class.  The  sulfoxide 
r  copper  is  found  native  in  octohedral  c;rystals,  and  may  be 
repared  artificially  by  heating  to  redness,  in  a  covered  crucible, 
Inixture  of  five  parts  of  the  black  oxide  of  copper  ^i-ith  four 
arts  of  copper  filings.  It  is  a  reddish  brown  powder,  which 
ndei^oes  no  change  in  the  air.  The  surface  of  vessels  of 
olbhed  copper  is  often  converted  into  suboxide,  or  bronzed,  to 
ftable  them  to  resist  the  actirm  of  air  and  moisture :  this  is 
one  by  covering  them  with  a  paste  of  peroxide  of  iron,  heating 
)  a  certain  point,  and  afterwards  cleaning  them,  to  remove  the 
xide  of  iron ;  or  otherwise,  by  means  of  a  boiling  solution  of 
Detaie  of  copper. 

Dilute  acids  decompose  suboxide  of  copper,  dissolving  the 
TOtoxide,  and  leaving  metallic  copper.  Undiluted  hydrochloric 
dd  dissolves  the  suboxide,  without  decom[K)sition^  or  rather 
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forms  a  corresponding  subchloride  of  copper,  whicli  ii  uUk 
in  hydrochloric  acid.  The  hydrated  alkalies  predpitale  i 
hydrated  suboxide  from  Uiat  solution,  of  a  lively  yellow  coloSi 
which  changes  rapidly  in  air  from  absorption  of  oxygen. 

Suboxide  of  copper  is  also  formed  when  copper  is  placed  is  I 
dilute  solution  of  ammonia,  containing  air,  and  is  dissolved  hf 
the  alkali.  If  the  ammonia  has  been  corked  up  in  a  botde  wit 
copper  for  some  time,  the  liquid  is  colourle^ ;  but  on 
it  out  in  a  thin  stream,  it  immediately  becomes  blue,  by 
ing  oxygen.  The  liquid  may  be  again  deprived  of  colour  If 
returning  it  to  the  bottle,  and  closing  it  up^  in  contact  with  di 
metal. 

Compounds  have  been  obtained  of  suboxide  of  copper  irill 
several  acids,  particularly  with  sulphurous  add,  the  snlpliili 
forming  a  double  salt  with  sulphite  of  potash,  Cn^O,  SO^*^ 
2(KO,  SO2),  with  hyposulphurous  acid,  with  suiphuri<v  o^ 
bonic  and  acetic  acids.  When  fused  \(ith  vitreoiis  matter,  tk 
suboxide  of  copper  gives  a  beautiful  ruby  red  glass ;  butitii 
difficult  to  prevent  the  suboxide  from  absorbing  oxygen,  wte 
the  glass  becomes  green. 

Subsulphuret  of  copper,  CuoS,  forms  the  mineral  eQ/ftt 
glance,  and  is  also  a  constituent  of  copper  pyrites.  It  is  A 
powerful  sulphur  base.  Copper  filings,  mixed  with  half  their 
weight  of  sulphur,  when  heated,  unite  with  intense  ignition,  ind 
form  this  subsulpliuret. 

Subckloride  of  coi^per^  CU2CI,  may  be  prepared  by  hcatin| 
copper  filings  with  twice  tlieir  weight  of  corrosive  sublimaIBi 
It  was  obtained  by  Mitschcrlich  in  tetrahedrons,  by  dissoWing 
in  hydrochloric  acid  the  subchloridc  of  copper  formed  on  nixzii| 
solutions  of  protochlorides  of  copper  and  tin,  and  allowing  fc 
concentrated  solution  to  cool.  Subchloridc  of  copper  so  p»* 
pared  is  white,  insoluble  in  water,  soluble  in  hydrochloric  icidf 
but  precipitated  by  dilution.  It  is  dissolved  by  a  boiling  sob- 
tion  of  chloride  of  potassium,  which,  if  allowed  to  cool  in  adt* 
vessel,  yields  large  octoliedral  crj-stals  of  a  double  chloride: 
Cu2Cl-f2KCl;  they  are  anhydrous.  It  is  remarkable  that  tk 
forms  of  this  double  salt,  and  of  both  its  constituents,  all  !»• 
long  to  the  regular  system.* 

Siibiodide  uf  copp(i\  Cu.J,  is  a  white  insoluble  precipiBtCf 

•  MitsiluTlirli  in  PoggccdorfTs  Ar.nalvo,  4i^, -lOl.  1840. 
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imed  on  mixing  a  solution  of  I  part  of  sulphate  of  copper 
2i  parts  of  protosulphate  of  iron,  with  a  solution  of  iodide 
olissium. 

iroiaxide  of  copper.  Black  oxide  of  copper^  CuO ;  495.7  or 
1.— The  base  of  the  ordinary  salts  uf  copper.  It  is  formed 
the  oxidation  of  copper  at  a  red  heat,  but  is  generally 
lared  by  igniting  the  nitrate  of  copper.  It  is  black  like 
oobI,  and  fuses  at  a  high  temperature.  This  oxide  is  re- 
kable  for  the  facility  with  which  it  is  reduced,  at  a  low  red 
t  by  hydrogen  and  carbon,  which  it  converts  into  water  and 
onic  add.  It  is  that  property  which  recommends  oxide  of 
ler  for  the  combustion  of  organic  substances,  in  close  vessels, 
rbich  their  ultimate  analysis  is  effected.  The  protoxide  of 
ler  precipitates  as  a  blue  hydrate,  when  a  solution  of  sul- 
a  of  copper  is  allowed  to  fall^  drop  by  drop,  into  solution  of 
sfa.  This  hydrate  is  decomposed  in  boiling  water,  and 
imes  brown,  but  is  apt  to  carry  down  a  little  of  its  precipi- 
ig  alkali,  of  which  it  is  difficult  to  deprive  the  brown  oxide 
^ther  by  washing. 

be  oxide  of  copper  dissolves  readily  in  ammonia,  affording  a 
»  azure  blue  solution.  But  for  this  experiment  a  small 
itity  of  acid,  or  of  a  salt  of  ammonia,  must  be  present,  the 
tion  appearing  to  be  truly  that  of  a  subsalt  of  copper  in 
lonia,  and  pure  ammonia  not  dissolving  equally  pure  oxide 
Dpper.  Dr.  Kane  obtained,  on  one  occasion,  an  insoluble 
\oniacal  oxide  of  coppery  by  precipitating  chloride  of  copper 
nmonia, of  which  the  composition  was  3 CuO  +  2X11.,  +  6' HO. 
xide  of  copper  is  a  powerful  base.     Its  salts  are  generally 

or   green,    when   hydratcd,   but  white  when  anhydrous. 

ough  neutral  in  com])usitio!i,  they  have  a  strong  acid  reac- 

They  are  poisonous;  but  tlicir  effect  upon  the  animal 

sm  is  counteracted  in  some  degree  by  sugar.     Liquid  albu- 

fbrms  insoluble  compounds  with  these  salts,  and  is  an 
iote  to  their  poisonous  action.  Cop])er  is  separated  in  the 
illic  state  from  its  salts  by  zinc,  iron,  lead,  and  the  more 
able  metals,  which  are  dissolved  and  take  the  place  of  the 
lermetal.  Copper  is  completely  precipitated  by  sulphuretted 
■ogen,  as  a  dark  brown  or  black  sulphuret,  even  from  acid 
tions.  The  ferrocyanide  of  potassium  gives  a  characteristic 
m  precipitate  with  the  salts  of  copper.     Its  salts  also  im- 

a  green  colour  to  flame.      The  black  oxide  of  copper 
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dissolves  by*'fusion  in  a  vitreous  flnx,  and  produoes  a  f;nai 
glass. 

Thenard  obtained  a  higher  oxide  of  copper,  CuO^  Vyfti 
action  of  diluted  peroxide  of  hydrogen  on  the  hydntedpi^ 
oxide. 

Chloride  of  coppery  CuCl+2HO,  is  obtained  bydissohni 
the  black  oxide  in  hydrochloric  acid.  Its  solution,  when  CM* 
centrated  is  green,  but  the  salt  forms  blue  prismatic  cryilrit 
which  contain  two  atoms  of  water.  It  combines  with 
of  potassium,  and  more  readily  with  chloride  of  ami 
forming  the  double  salts,  KCl+CuCl  +  2HO,  and  NH^Cltf 
CuCl-h2HO. 

Carbonates  of  copper. — ^When  a  salt  of  copper  is  predpitilrf 
by  an  alkaline  carbonate,  a  hydrated  subcarbonate  is  prodaedi 
containing  2  eq.  of  oxide  of  copper  to  1  eq.  carbonic  acid.  Il-ii 
a  pale  blue  bulky  precipitate,  which  becomes  denser  and  gna 
when  treated  with  boiling  water.  It  is  used  as  a  pigment,  asi 
known  as  mineral  green.  The  beautiful  native  green  carboaitt 
of  copper,  malachite  J  is  of  the  same  composition,  CuO,  COff 
CuO,  HO.  The  finely  crystallized  blue  copper  ore  is  anoAff 
subcarbonate.  It  may  be  represented  as  the  neutral  hjrdralai 
carbonate  of  copper,  in  combination  with  a  similar  carbonate  of 
copper,  in  whicli  the  constitutional  water  is  replaced  by  oxide 
of  copper : 

rcuO,co2+iio 

jCuOjCOa  +  CuO. 

In  the  green  carbonate,  the  constitutional  water  of  the  nentnl 
carbonate  of  copper  is  replaced  by  hydrate  of  copper.  The 
neutral  carbonate  of  copper  itself,  of  which  the  formula  would 
be  CuO,  CO2  +  IIO,  is  unknown. 

Sulphate  of  copper.  Blue  vitriol,  CuO,  SO3,  HO+4H0; 
;)J>G.9  + 562.5  or  7}>.88-f  45. — ^This  salt  may  be  formed  by  dif- 
solving  copper  in  sulphuric  acid  diluted  with  half  its  bulk  of 
water  with  ebullition,  wlien  the  metal  is  oxidated  with  formation 
of  sulphurous  acid.  But  the  sulphate  of  copper  is  more  gene- 
rally prepared,  on  the  large  scale,  by  the  roasting  and  oxidation 
of  sulphiiret  of  copj)er.  It  forms  large  rhomboidal  crystals  cf 
a  sappliire  blue,  containing  5  eq.  of  water,  which  lose  tiieir 
transparency  in  dry  air  :  they  are  soluble  in  four  times  their 
weight  of  cold,  and  twice  their  weight  of  tjoiling  water.    lib 
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Ihe  Other  solable  salts  of  copper,  the  sulphate  has  an  acid  reac- 
tion; it  is  used  as  aii  escharotic.  The  water  in  this  salt  may 
.hnduoed  to  I  eq.  at  212* ;  above  400"  it  is  anhydrous  and 
HUte.  Although  pure  sulphate  of  copper  does  not  crystallize 
with  7HO,  yet,  when  mixed  with  sulphates  of  magnesia,  zinc, 
pkM^  and  iron,  it  crj'stallizes  along  with  these  isomorphous 
mkB  in  the  form  of  sulphate  of  iron.  At  a  strong  red  heat,  it 
Ibhs  and  loses  acid.  The  anhydrous  sulphate  absorbs  2^  eq.  of 
and  forms  a  light  powder  of  a  deep  blue  colour, 
i  ammonia  is  added  to  a  solution  of  sulphate  of  copper, 
iiiittsolable  subsulphate  is  first  thrown  down,  which  is  redis- 
idred  as  the  addition  of  ammonia  is  continued,  and  the  usual 
laap  aaare  blue  ammoniacal  solution  formed.  The  ammoniacal 
Iripliate  may  be  obtained  in  beautiful  indigo-blue  crystals,  by 
sottdocting  a  stream  of  ammoniacal  gas  into  a  saturated  hot 
nlotion  of  the  sulphate :  it  is  CuO,  SO3  UO+2NH3  (Berzelius.) 
Ckeae  crystals  lose  1  eq.  ammonia  and  1  eq.  water  at  390"  (Kane), 
Old  are  converted  into  a  green  powder,  CuO,  SO3+NH3,  or 
^H3CuO)S03  (page  415);  by  the  cautious  application  of  a 
beat  not  exceeding  500°,  the  whole  ammonia  may  be  got  rid  of, 
md  sulphate  of  copper  quite  pure  remains  behind.  Sulphate 
■f  copper  forms  the  usual  double  salts  with  sulphate  of  potash 
ibd  with  sulphate  of  ammonia.  A  saturated  hot  solution  of 
the  double  sulpliate  of  copper  and  potash  allows  a  remarkable 
louble  subsalt  to  precipitate  in  cj^ystalline  grains,  KOjSOj + 
l(CuO,  S03)+CuO,  HO+3HO.  A  corresponding  seleniate 
Uls,  under  the  boiling  point,  and  always  in  crystals.  Tlie 
ttnvkoniacal  and  double  salts  of  sulphate  of  copper  may  be 
re^esented  thus : 

Sulphate  of  copper  (blue  vitriol)  .     .     .  CuO«  SO,.  HO +  4  HO 
,  $^&phate  of  copper  and  potash     .     .     .  CuO,  SO,,  (KO,  SO,)  +  6H0 

Hydrated  ammoniacal  sulphate  of  copjicr  CuO,  SO,,  HO  +  2Nn, 
^l^eceding  salt  dried  at  300*    ....  (NH,  CuO),  SO, 
'  Rote's  ammoniacal  sulphate   ....  CuO,SO, + (N  H, CuO)  SO, + 4NH, 
t/..Do.  heated  to  350" CuO.SO,+(NH,CuO)SO,. 

■-• 

.  ,Several  tubsulphaies  of  copper  have  been  formed.  A  green 
powder  is  obtained  by  digesting  hydrated  oxide  of  copper  in  a 
wliition  of  sulphate  of  copper,  of  which  the  constituents  are, 
icisording  to  Berzelius,  SO,,  3CuO  and  3UO.  The  bluish  green 
pcecipitate  which  falls  when  ammonia  is  added  to  sulphate  of 
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copper,  or  potash  added  in  moderate  quantity  to  tbe  auneatt, 
contains,  according  to  Kane's  analysis  and  my  own,  S03,4CoJO 
and  4 HO.  By  a  larger  quantity  of  potash.  Dr.  Kanepra9|Jh 
tated  a  clear  grass  green  subsulphate,  containing  SO3, 8C1O 
and  12HO.  The  last  subsulphate  loses  exactly  half  its  mis 
at  300O  » 

Nitrate  of  copper ,  CuO,  NO5 + 3HO,  is  formed  by  dissoMng 
copper  in  nitric  acid.  It  crystallizes  from  a  strong  solntioaii 
blue  prisms,  which  contain  3  atoms  of  water,  or  in  rhomboUi 
plates,  which  contain  6  atoms  of  water.  This  salt  acts  up« 
granulated  tin,  with  nearly  as  much  energy,  as  hydrated  nitiic 
acid.  A  crystallised  ammoniacal  nitrate  0/ copper ,  is  obtunri 
by  conducting  a  stream  of  ammoniacal  gas  into  a  saturatri 
solution  of  nitrate  of  copper.  It  is  anhydrous,  and  contttBl 
NO5,  CuO  and  2NH3  (Kane).  I  would  prefer  to  represent  it 
as  a  nitrate  of  cuprammonium  + 1  eq.  of  ammonia,  thai  i% 
(NH3,CuO)N05  +  NH3. 

Subnitrate  of  copper ^  HO,  NO54-3CUO,  is  a  green  pow- 
der, produced  by  the  effect  of  heat  upon  the  neutral  nitrate,  rt 
any  temperature  between  150®  and  600®;  or  by  adding  a  qnaiH 
tity  of  alkali  to  that  salt,  insufficient  for  complete  precipitatioB. 
When  oxide  of  copper  is  drenched  with  the  most  concentnted 
nitric  acid  (HO,  NO5),  it  is  this  subsalt,  singular  as  it  inaf 
appear,  which  is  formed,  even  when  the  acid  is  in  great  excess; 
the  reason  seems  to  be,  th^t  the  nitrate  of  water,  being  defi- 
cient in  constitutional  water,  assumes  3  atoms  of  oxide  of  cop- 
per in  its  place  (page  2J)6). 

Oxalate  of  copper  and  potash^  is  obtained  by  dissolving  oside 
of  copper  in  binoxalate  of  potash ;  it  cr}'stallizes  with  both  2 
and  4  atoms  of  water. 

Acetates  of  copper. — The  neutral  acetate^  CuO,(C4H3O3)-hH0, 
is  obtained  by  dissolving  oxide  of  copper  in  acetic  acid.  U 
forms  fine  crystals  of  a  deep  green  colour,  containing  1  «q« 
of  water,  which  lose  tl)eir  transparency  in  air,  and  are  soluble 
in  5  times  their  weight  of  boiling  water.  This  salt  also  fonns 
blue  crystals  from  an  acid  solution,  under  40**,  which  contain 
5HO  (Wohler).  The  green  salt  is  found  in  commerce  under 
the  improper  name  of  distilkd  verdigris.  Acetates  of  copper 
and  potash   unite  in  single  equivalents,    and  form  a  double  silt 

*  Transactions  of  the  Royal  Irish  Academy,  vol.  II),  p.  1  ;  or  An.  dc  Clu  ecdc  W- 
t.  72,  p.  272. 
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fine  blue  crystals,  containing  8HO.     Verdigris  is  a  subacetate 
copper,   formed  by  placing  plates   of  the  metal  in   contact 
tfa  the  fermenting  marc  of  the  grape,   or  with  clotli  dipt  in 
(egar.    The  bluer  species,  wliich  consists  of  minute  crj'stal- 
5  plates^  is  a  definite  compound  of  1  eq.  acetic  acid,  2  eq, 
de  of  copper,  and  6  eq.  of  water,  CuO,  (C4  H3  O3),  CuU+ 
O.    The  ordinary  green   species  is  a  mixture  of  sesqui  and 
iBsic  acetates  of  copper,  with  the  preceding  bibasic  acetate. 
Iter  dissolTes  out  firom  Tcrdigris  the  sesquiacetate^  which  pre- 
ts  itself  on  evaporating  the  solution,  sometimes  as  an  amor- 
ma  mass,   and  sometimes  in  crystalline  grains  of  a  pale  blue 
oar.     It  consists  of  2  eq.  of  acetic  acid,  8  eq.  of  oxide  of 
iperand  6  eq.  of  water;  it  loses  3  eq.  of  water  at  2i2^    The 
kflEftc  acetate  is  the  insoluble  residue  which  remains,  after 
t  liziviatioa  of  verdigris.     It  is  a  clear  green  powder,   which 
es  nothing  at  21 2^     It  contains  2  eq.  of  acetic  acid^  G   eq. 
de  of  copper,  and  3  eq.  of  water.  (Berselius). 
Acetate  of  copper  also  combines  with  acetate  of  lime,  and 
h  several  other  salts.    The  double  acetate  and  arsenite  of 
iper,   is  a  crystalline  powder  of  a  brilliant  sea-green  colour, 
ich  is  used  as  a  pigment,   under  the  name  of  the  green  of 
biwrinfurth.     It  is  obtained  by  mixing  boiling  solutions  of 
lal  parts  of  arsenious  acid,  and  the  neutral  acetate  of  copper, 
ling  to  the  mixture  its  own  volume  of  cold  water,  and  leaving 

9  whole  at  rest  for  several  days.  It  is  a  highly  poisonous 
Mtance.  From  the  analysis  of  Ehrmann  its  formula  is  Cu  O, 
,H3  03)+3(CuO,As03). 

riie  most  important  atloys  of  copper  are  those  with  tin  and  zinc: 
100  parts  copper  with  10  tin,  form  bronze  and  gun  metal. 
100  parts  copper  with  20  to  25  tin,  form  bell  metal. 
100  parts  copper  with  30  to  35  tin,  form  speculum  metal, 
little  arsenic  is  generally  added  to  the  last  alloy,  to  increase 
whiteness. 

The  different  varieties  of  brass  are  prepared,  either  by  fusing 
jether  the  two  metals,  copper  and  zinc,  or  by  heating  copper 
ider  a  mixture  of  charcoal  and  calamine,  an  operation  in  which 

10  is  reduced  and  its  vapour  absorbed  by  the  copper.  Two  or 
lee  parts  of  copper  to  one  of  zinc  form  common  brass ;  equal 
rts  of  copper  and  zinc,  or  four  of  the  former  and  one  of  the 
ter,  give  an  alloy  of  a  higher  colour  resembling  gold^  and  on 
at  account  called  simiiifr. 
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Eq.  1294.5  or  )03,73;  Pb  {piumbum). 

Lead  was  one  of  the  earliest  known  of  the  metaU.  A  TOn»* 
derable  number  of  its  compounds  are  found  in  nature,  but  thi 
solphurety  or  galena,  is  the  only  one  which  is  impurtaiil  mm 
ore  of  lead.  The  reduction  of  the  metal  is  effected  by  h«i^ 
with  exposure  to  air  (or  roasting)  the  sulphuret,  by  which  modi 
of  the  sulphur  is  burned  and  escapes  as  sulphurous  acid,  ftzid 
a  fusible  mixture  of  oxide  of  lead  and  sulphate  of  lead  is  pitK 
duced*  A  fresh  portion  of  the  ore  is  added,  which  reacts  upwi 
the  oxide  of  lead,  the  sulphur  and  oxygen  forming  sulpbunjoi 
acid,  and  the  lead  of  both  oxide  and  sulphuret  being  coiit0f|filll| 
reduced.  Lime  also  is  added,  which  decomposes  the  suljAiiiitf 
lead,  and  exposes  the  oxide  to  be  reduced  by  the  fWorbf 
sulphuret. 

Lead  has  a  bluish  grey  colour  and  strong  metallic  lostitt  ii 
rery  malleable,  and  so  soft,  when  it  has  not  been  cooled  n\n 
as  to  produce  a  metallic  streak  upon  paper.     ^        '     Nityl 
11.445,  and  is  nut  increased  by  hammering.     Its  t  i*  I 

than  tliat  of  any  other  ductile  metal.    The   melting  point  (t 
lead  is  612**;  on  solidifying,   this  metal    shr 
so  tliat  ballets  cast  in  a  mould  are  never  qi: 
like  most  other  metals,  assumes  the  octohedral  form   on  ti^- 
stallizing.     Lead  is  one  of  the  less  oxidable  metals,  at  fei«^ 
when  massive ;  its  surface  soon  tarnishes,  and  is  covered  vnth  i 
grey  pellicle^  which  appears  to  defend  the  metal  from  f^ 
change.     Rain  or  soft  water  cannot  be  preserve*  I     >' 
leaden  cisterns,  owing  to  the  rapid  formation  of  a  \i 
oxide  at  that  line  where  the  metal   is  exposed  to  botli  u 
water ;  the  oxide  formed  is   soluble  in  pure  water,   and  fi^: 
poisonous*     But  a  minute  trace  of  any  sulphate  or  cUlv/ndc  i** 
tlie  water,  which  spring  and  well  i^Titer  usually  cuntasn,  nrru^t* 
the  corrosion  of  the  lead,  by  converting  the  oxide  ofl 
an  insoluble  sult^  and  prevents  tlie  contamitmtion  of  tbe< 
{Dr.  Christison's  Treatise  on  Poisons).     Lead  is  not  dn 
attacked  by  hydrochloric  and  sulphuric  hcids,  at  the  usual  i 
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retnre,  but  they  favour  its  union  with  oxygen  from  the  air. 
I  best  solvent  is  nitric  acid.  Besides  a  protoxide,  PbO, 
tiich  is  a  powerful  base,  lead  forms  a  suboxide  Pb2  O,  and  a 
sioxide  Pb  O^,  which  do  not  combine  with  adds. 

Suboxide  of  lead,  Pb^O,  was  discovered  by  Dulong,  and  is 
Nt  obtained  by  heating  the  oxalate  of  lead  to  low  redness  in 
imall  retort.  It  is  dark  grey,  almost  black,  and  pulverulent, 
Qd  is  not  affected  by  metallic  mercury.  By  the  analysis  of 
iMSsingault^  it  contains  1  eq.  of  oxygen  to  2  eq.  of  lead.  The 
mj  pellicle  which  forms  upon  lead  exposed  to  the  air  ia,  ac- 
M^ng  to  Berselius,  the  same  suboxide. 
\,ffoioxide  of  lead,  Pb  O,  1394.5  or  111.73.— When  a  stream 
fair  is  thrown  upon  the  surface  of  melted  lead,  the  metal  is 
^iidly  converted  into  the  protoxide,  of  a  sulphur-yellow  colour. 
Cha  oxidated  skimmings  of  the  metal  are,  in  this  condition, 
med  massicot,  and  were  at  one  time  used  as  a  yellow  pigment. 
Ehis  preparation  is  fused  at  a  bright  red  heat,  and  the  oxide  is 
liniB  separated  from  some  metallic  lead,  with  which  it  is  inter- 
act in  massicot.  The  fused  oxide  forms  a  brick  red  mass, 
DQ  solidifying,  which  divides  easily  into  crystalline  scales,  which 
ire  tough  and  not  easily  pulverised ;  they  form  litharge.  Tiic 
sotoxide  of  lead  can  be  obtained  distinctly  crystallized  by 
moos  processes,  but  always  presents  itself  in  the  same  form, 
n  octohedron  with  a  rhombic  base  (Mitscherlich).  By  ig- 
litiog  the  subnitrate  of  lead,  the  protoxide  is  obtained  very 
IW8,  and  of  a  rich  lemon  yellow  colour.  Its  density  when 
isedis  9.4214. 

When  the  acetate,  or  any  other  salt  of  lead,  is  precipitated  by 
Olash,  the  protoxide  falls  as  a  white  hydrate,  which  may  be 
ried  at  212°  without  decomposition.  It  contains  3f  per  cent 
Bter,  and  is,  therefore,  the  hydrate  2PbO+I10,  (MitschcrUch). 
^xide  of  lead  likewise  crystallizes  anhydrous,  from  solution,  at 
le  OBual  temperature,  when  water  to  combine  vi\x\\  is  denied 
» it,  in  the  circumstances  of  its  precipitation.  This  oxide  dis- 
dyes  in  above  12,000  times  its  weight  of  distilled  water,  which 
sqoires  thereby  an  alkaline  reaction ;  but  not  in  water  contain- 
^any  saline  matter.  It  is  soluble  in  potash  or  soda  ;  and  the 
Nations,  when  evaporated,  afford  small  crj'stals  of  an  alkaline 
impound.  A  compound  of^lime  and  oxide  of  lead  is  obtained  in 
eedles,  when  hydrate  of  lime  and  that  oxide  are  heated  together, 
odthe  solution  allowed  to  evaporate  with  exclusion  of  air.  This 
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solution  has  been  employed  to  dye  the  hair  black.    The  otide  ( 
lead  combines  readily  with  the  earths  and  metAllic  oxida 
fusion,  and  when  added  to  the  materials  of  gUfts  imparts  1 
liancy  to  it  and  increased  fusibihty. 

OTcide  of  lead  is  a  powerful  base,   resembling  baryte  ^i 
strontian,    and  affords  a  class  of  salts  which  often  agree  itt  fofl 
and  in  general  properties  with   the  salts  of  these  earths, 
earbonate  occurs  in  plumbocalcite^  in  the  form  of  earf>onati 
lime  ;    an  isomorphism  by  which  the  protoxide  of  lead  » ( 
nected  with  the   magnesian  oxides.     All  its  soluble  saks 
poisonous,  although  no  salt  of  lead,  with  the  exceptiati  of  I 
carbonate,  which  is  insoluble,  is  highly  so  (Dr,  A.  T.  Thomud 
Lead  is  precipitated  by  sulphuretted  hydrogen*   as  a  black  i 
phuret,  even  from  acid  solutions.     Neutral  salts  of  lead  are  i 
precipitated  by    solutions  of  carbonates,  chlorides,   sulphi 
phosphates,  etc,,  the  corresponding  salts  of  lead  being  h 
Iodide  of  potassium  and  red  chromate  of  potash  prodttc 
precipitates  in  salts  of  lead,   which  are  highly  cliar 
the  metal.     Iron  and  zinc  throw  down  metallic  lead.     If  i 
of  zinc  be  suspended    in  a  solution,  made   bv 
ounce  of  acetate  of  lead  in  two  pounds  of  distii.,.    ,.,;,, 
lead  is  precipitated  in   beautiful  crj-stalbne  plates,   which 
deposited  only  in  metallic  contact  with  the  «inc,  1  rl  ffj 

it  to  a  considerable  distance  in  the  liquid,  formin^ 
the  lead  tree* 

Peroxide  of  lead^  PbO^,  may  be  obtained  in 
ner  as  the  peroxides  of  cobalt  and  nickel,  ex^  ..^^  liic  [ 
toxide  suspended  in  water  to  a  stream  of  chlorine;  alsobf 
fusing  protoxide  of  lead  with  cVdorate  of  potash  at  a  tempefif' 
ture  short  of  redness ;  or  by  digesting  the  following  tntermedii 
oxide,  minium,  in  diluted  nitric  acid,  which  dissolves 
of  lead,  decanting  off  tlie  nitrate  of  lend,  nnd  washing 
powder  which  remains  with  boiling  water.  Peroxide  rrflc 
of  a  dark  earthy  brown  colour.  It  loses  half  it$  oieygf n  bf  J 
nition,  absorbs  sulphurous  acid  with  gr< 
sulphate  of  lead,  affords  chlorine  when  •    ,  »dil 

acid,  and   the  nitrate  of  protoxide  q(  lead  with  -water, 
di-     '    *    ti  ammonia. 

f^r  lied  lead  is  formed  by  heatinfr  mn^rol  ttt\ 
toxide  of  lead,  which  has  not  been  fused,  to  ^  redn 

•  flat  fumaoe,  of  a  particular  coostniction,  unci  aiit?criiig  i  < 
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■ntof  air  upon  its  sur&ce.  Oxygen  is  absorbed,  and  an  oxide 
onned  of  a  fine  red  colour,  with  a  shade  of  yellow.  It  is  not 
MiDitant  in  composition.  The  proportion  of  oxygen,  when  the 
ibKMrption  is  least  considerable,  approaches  tliat  of  a  compound 
^FbO-rPbO,,  and  such  was  the  composition  of  a  crystallized 
fnpound  of  a  fine  red  colour,  formed  by  accident  in  a  minium 
Intoe,  and  analyzed  by  Houton-Labiilardiere.  But  when  the 
ll^iorption  is  favoured  by  time  and  most  considerable,  it  ap- 
•Usachfiij  but  never  exceeds  2.4  per  cent  of  the  original  weight 
-rfthfi  protoxide,  which  gives  a  compound  of  2PbO  +  PbO,, 
Ijimrding  to  the  observations  of  M.  Dumas.  The  proportion  of 
Ssq.  of  metal  to  4  eq.  of  oxygen,  which  minium  thus  possesses, 
iiavery  common  one,  but  generally  due  to  the  combination  of 
■^.  protoxide  with  a  peroxide,  the  latter  containing  2  atoms  of 
i  and  3  atoms  of  oxygen,  as  the  peroxide  of  iron.  Ber- 
I  considers  the  composition  of  minium  to  favour  the  exis- 
I  of  such  an  oxide  of  lead  Pb,  O3;  minium  would  then  be 
iqnsented  as  PhO  +  Pb^  O3.  The  finest  minium  is  obtained 
hf  calcining  oxide  of  lead  from  the  carbonate,  at  about  600*. 

Minium  is  not  altered  by  being  heated  in  a  solution  of  acc- 
trte  of  lead,  which  is  capable  of  dissolving  free  protoxide  of 
Ind.  When  heated  to  redness  it  loses  oxygen,  and  the  pro- 
teide  remains.  It  does  not  combine  with  acids,  but  is  resolved 
by  a  strong  acid  into  peroxide  of  lead,  and  protoxide,  the  last 
combining  with  the  acid.  When  minium  is  treated  \nth  con- 
ontrated  acetic  acid,  it  first  becomes  white,  then  dissolves  en- 
tiidy  in  a  new  quantity  of  acid  without  colouring  it.  But  the 
iobition  gradually  decomposes,  and  peroxide  of  lead  separates 
tsona  it  of  a  blackish  brown  colour.  (Berzelius). 

Froi09ulphuret  of  lead,  Pb  S,  is  thrown  down  from  salts  of 
Imd  as  a  black  precipitate,  by  sulphuretted  hydrogen,  which  is 
ioiolable  in  diluted  acids  or  in  alkalies.  It  forms  also  the  ore 
plena,  which  cr)'stallizes  in  the  cube  and  other  forms  of  the 
Xgnlar  system  ;  its  density  is  7*^B5.  Sulphurct  of  lead  is  de- 
Sonposed  easily  by  nitric  acid,  and  converted  into  nitrate  and 
'^Ip^^***  of  lead,  with  the  separation  of  a  little  sulphur.  Con- 
mtrsted  and  boiling  hydrochloric  acid  dissolves  it,  with  disen- 
agement  of  sulphuretted  hydrogen  gas.  Galena  can  be  united 
J  fusion  with  more  lead,  and  gives  the  subsulphurets  Pb4  S, 
nd  Pb^  S.  When  a  solution  of  pcrsulphurct  of  potassium  is 
dded  to  a  salt  of  lead,  a  blood  red  precipitate  appears,  which  is 


a  persulphuret  of  lead,  but  is  almost  immediately ' 
the  black  protosulphuret  of  lead  and  free  sulphur. 

Chloride  of  lead,  Pb  CI,  1737.15  or  U9.2*— Lc 
slowly  in  hydrochloric  acid,  by  substitution  for  hydi 
ing  the  chloride  of  lead.  The  same  compound  is 
digesting  oxide  of  lead  in  hydrochloric  acid,  and 
a  white  precipitate,  when  a  salt  of  lead  is  added  to  ai^l 
chloride.  The  chloride  of  lead  is  soluble  in  135  tin 
of  cold  water,  and  more  so  in  hot  water,  from  whicj 
Uses  in  cooling  in  long  flattened  acicular  crystnls^ 
hydrous.  The  chloride  of  lead  is  very  fusible, 
sublimed  at  a  higher  temperature.  It  combines  it 
portions  with  oxide  of  lead.  The  bibamc  chloride  &ji 
-f  2PbO,  is  a  colourless  crystalline  mineral,  found  at" 
Somersetshire.  The  tribune  chloride  of  lead,  PbCl+j 
4HO,  is  a  white  insoluble  powder  that  foils  when  ami 
added  to  a  solution  of  chloride  of  lead.  It  contains  7  pc( 
water  (Berzelius).  A  surbasic  chloride  of  lead^  PbCli 
is  produced  on  fusing  by  heat  a  mixture  of  10  parts 
oxide  of  lead,  and  1  part  of  pure  sal  ammoniac,  a  portid 
lead  being  at  the  same  time  reduced-  The  surbasic  cUl 
aflfords  cubic  crystids,  on  cooling  slowly.  It  forma  ■ 
a  beautiful  yellow  pigment,  known  as  Turner's  ye 
country,  and  Cassel  yellow  in  Germany,  It  wa«  | 
in  England  by  digesting  litharge  with  half  its  weight 
mon  salt,  a  portion  of  which  is  converted  into  caustic  s4 
afterwards  washing  and  fusing  the  oxichloride  foni 
is  sufficient  to  use  I  part  of  salt  to  7  parts  of  oi 
this  decomposition. 

Iodide  of  lead,  Pl>  I,  2874  or  230.3.— Appeaw  m 
lemon  yellow  powder,  when  iodide  of  potassium 
salt  of  lead.     It  is  soluble  in  VJi  parts  of  boiting 
1235  parts  of  w-^ter  at  the  usual  temperature^   andj 
tained  from  solution  in   brilliant  hexagonal  scales 
yellow  colour.     A  compound  of  a  paler  yellow,  w 
in  dilute  solutions,  and  when  the  salt  of  lead  is  ib 
basic  iodide.     M.  Denot  finds  three  basic  iodides 
taining  to  1  eq.  of  iodide  of  lead,  I  eq.,  2  eq,  and  5  < 
lead,  and  always  I  eq.  of  water,  which  last  they  do 
a  temperature  of  about  400**. 

Cyanide  of  lead,  Pb  Cy,  is  a  white  insoluble  powd 
by  precipitation. 
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Carbonate  of  lead.  Ceruse,  White  lend ;  PbO,  CO^  ;  10709  or 
133.89. — Occurs  in  nature  well  crystallized,  in  the  form  of  car- 
ixmateof  barytes.  It  is  precipitated  as  a  white  powder,  of 
vUch  the  grains  although  very  minute  are  crystallinCj  when  an 
llbline  carbonate  is  added  to  the  acetate  or  nitrate  of  lead. 
file  precipitate  is  anhydrous.  When  oxide  of  lead  is  left  covered 
triA  water  in  an  open  vessel,  it  absorbs  carbonic  acid,  and  bc- 
tiues  white,  forming  the  subcarbonate  PbO,  CO^  -h  IIjO,  HO. 
*  Tin  carbonate  of  lead  is  invaluable  as  a  white  pigment  from 
fti  great  opacity,  which  gives  it  that  property,  called  body  by 
pnntersy  and  enables  it  to  cover  well.  As  prccipiuitcd  by  an 
AaEne  carbonate,  it  is  deficient  in  body,  owing  to  the  transpa- 
ffmcy  of  die  crystalline  grains  composing  the  precipitate.  It  is 
llso  a  neutral  carbonate,  as  thus  prepared,  and  difiers  in  compo- 
ntionfrom  the  ceruse  of  commerce,  which  Mulder  finds  always 
to  contain  hydrated  oxide  of  lead  in  coTubination  witli  the  car- 
bonate of  lead.  The  result  of  Mulder's  analyses  of  numerous 
specimens  of  white  lead,  is,  that  there  are  three  varieties  of  that 
distance,  the  composition  of  which  is  expressed  by  the  three 
Mowing  formulce : 

2(PbO,C02)  +  PbO,  IIO; 

5(PbO,C02)  +  2(PbO,  IIO) ;  and 

3(PbO,C02)  +  PbO,lIO. 

Mr.  T.  Richardson,  who  has  also  l>cen  engaged  with  a  che- 
mical examination  of  the  varieties  of  white  lead,  finds  all  of 
Aem  to  contain  a  portion  of  oxide  of  lead,  in  additicm  to  the 
Qubonate,  and  so  far  confirms  the  conclu!>ions  of  Mulder.^' 

•  The  following  are  Mr.  Richardson'd  results,  wh.ch  hi*  has  coniniunicated 
tone.  The  specimens  were  all  dried  at  a  tcmptTature  of  nboiit  300"  for  '24 
iMNin,  previous  to  analysis.  No.  1,  was  made  liy  the  French  plan,  (.by  trans- 
■ittini  carbonic  acid  through  subaretate  of  lead; ;  No.  2  is  KrcMniicr  white. 
*o*3,  A,  5,  were  made  by  causing  small  pieces  of  leuJ  tn  hv  agitated  in  a 
M,  into  which  carbonic  acid  was  passed,  as  practised  in  Loiidiin  :  Nos.  li,  7. 
I»9t  10,  were  made  by  the  old  Dutch  plan,  but  each  of  the  .specimens  wa^ 
^B  a  different  manufacturer : 

12         .1         4       :>         r.         7         H       ii        lu 

CkrboBic  Add.    13.ro    Ifi  H»    I.'t.rn    l.'l.it:)    I.VJ4    Wa'A     i.i.ri     I.:  ini    I'J  W    14. IC.. 

Pnilus.  Lead.      Mi.UU    N-'i  4!*    lAXJR    hO.!M    Ht!  VH    M..t;i    h:.o«'    t^Mni    '<(t.4^    Kt  Ii.'. 

w.rn  wj^vi   ii!i.:w   inMM    !ij.;o   iii».44   »:•.;;(    KHi.uei  :ni.-4i    \«iMi7 
While  the  neutral  carbonate  of  lead  cunsiiats  in  100  parts  of 
Carbonic  acid.  l6.r.4 

Oxide  of  lead.  .         .  S3.4ri 
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In  the  old  or  Dutx^h  mode  of  preparing  white  lead,  whic  

still  extensively  practised^  thin  sheets  of  the  metal  arc  plftodt 
over  gallipots  containing  weak   acetic  acid   (water   will) 
2|  per  cent  dry  acid)^  themselves  imbedded  in  fermen 
of  which  the  temperature  varies  from  140°  to  150". 
is  often  verj^  rapid,  and  the  metal  disappears  in  a  few 
the  centre  of  the  sheet.     In  this  process  from  two  to  two 
a  half  tons  of  lead  (4480  to  5600  pounds)  are  converted 
carbonate,  by  a  quantity  of  vinegar  which  does  not  contain 
than  the  small  quantity  of  50  pounds  of  dry  acetic  acid,     H^ 
the  metal  h  certainly  neither  oxidised  nor  carbonated  in ' 
process,  at  the  expense  of  the  acetic  acid.    The  oxygen 
be  derived  from  the  air^  and  the  carbonic  add  from  the  j 
menting  tan.     In  the  newer  proems,  litharge,  without  i 
paration^  is  mixed  with  water  and  about  1  per  cent  of  \ 
lead|  and  carbonic  acid  gas  sent  over  it  [  the  oxide  of 
rapidly  converted  into  excellent  ceruse.    There  cnr 
doubt  that  all  the  oxide  of  lead  is  successively  dissoi 
acetate^  and  presented  to  the  carbonic  acid  as  a  soluble  sub8fi^^ 
tate;  a  compound  which,  it  is  known,  absorbs  carbon  i         '  ^ 
the  greatest  avidity,  and  allows  its  excess  of  oxide  tu  , 
as  carbonate  of  lead.    The   new  process  supplies  likewise 
theory  of  the  old  one,   the  function  of  the  acetic  acid  bring  \ 
nifestly  the  same  in  both  processes.     Nitrate  of  lead  has 
substituted  for  the  acetate,  with  other  things  the  same' as  ia  j 
last  process. 

Sulphate  ofkad:  PbO,  SO3  ;  1895 .66  or  151.90-— This 
falls  when  sulphuric  acid  or  a   soluble  sulphate  is  added 
solution  of  acetate  or  nitrate  of  lead,   as  a  white  dense  iusoli| 
precipitate,  %vhieh  appears  by  the  microscope  to  be  CQm\% 
minute  crystals.     Sulphate  of  lead  contains  in  100  par 
sulphuric  acid  and  73.56  oxide  of  lead,  and  may  be  expo 
red  heat   without   decomposition.     Mr.  Richardson  fie 
this  salt  acquires  considerable  opacity,   and   may  be  sula 
for  ceruse,  when  prepared    in  a  mode  analogoutc  to 
process  for  that  substance ;  namely  by  suppljini^.  .%ulphti 
in  a  gradual  manner,   to  a  thick  mixture  of 
containing  a  small  proportion  of  acetate  of  Ilvl. 
of  lead  may  be   obtained  thus^  having  any  desirable  exc 
oxide  of  lead. 

Nitrate  of  tmd :  PbO,  NO^, ;  2071.53  or  li!5.M.— I^i  im 
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by  dissolving  litliarj^,  nt  the  boiling  point,  in  slisrlitly  diluted 
nitric  acid^  which  should  be  free  from  hydrochloric  and  sulphu- 
ric scids.  The  neutral  nitrate  crystallizes  in  large  octohedrons, 
with  the  secondary  fares  of  the  cube,  which  are  sometimes  trans- 
puent,  although  generally  white  and  opaque.  The  crystals  are 
nliydrous;  they  are  soluble  in  71  times  their  weight  of  cold, 
and  in  much  less  hot  water.  The  nitrate  of  lead  is  decomposed 
tijr  an  incipient  red  heat,  yielding,  with  oxygen  gas,  the  peroxide 
of  nitrogen,  which  is  prepared  in  this  way,  and  leaving  the  yel- 
f  low  oxide  of  lesid.  When  a  small  quantity  of  anummia  is  added 
to  nitrate  of  lead,  or  when  a  dilute  solution  of  the  neutral  salt 
is  boiled  with  oxide  of  lead  in  fine  powder,  a  soluble  hlbrntir 
titrate  of  lead  is  formed  PbO,  XOs  +  PbO.  It  crystallizes 
during  evaporation  in  tine  scales,  or  in  litth*  opaque  grains, 
which  are  anhydrous.  The  granular  crystals  de<'repitate  when 
lieated^  with  extraordinary  force.  The  tribattle  nitratv  of  Ivml 
predpitates,  when  ammonia  is  added  in  very  slight  excess  to  a 
aolotion  of  nitrate  of  lead.  Its  constituents  are  2XO5,  ^»1'W^ 
and3HO  (Berzelius).  It  is  a  white  powder,  which  is  soluble  to 
a  small  extent  in  pure  water.  When  nitrate  of  lejid  is  digested 
irith  a  considerable  excess  of  ammonia,  the  decomposition  slops 
It  the  point  at  wliich  G  eq.  of  oxide  of  Iccid  are  combined  with 
J  eq.  of  nitric  acid.  The  seabasic  nitrate  of  lead  conttdns 
2NO5,  12PbOand3lIO.  (Berzelius). 

Nitrites  of  lead. — When  a  solution  of   100  parts   of  nitrate 
rflead  is  boiled  with  7^  parts  of  metallic  lead  in  thin  turnings, 
Hie  lead  is  dissolved,   Jind  a   little   nitric  oxide  is  evolved,  the 
list  being  the  result  of  a  partial  decomposition  of  nitrous  acid 
previously  formed.    Hie  solution  is  alkaline  and  yellow;   and 
gives,  on  cooling,  brilliant  crystalline  plates  of  a  golden  yellow 
oolour,  which  are  the  bibasic  nitrite  of  lead,  2l*b()  +  N()3.     Hy 
dissolving  100  parts  of  this  salt  in  water  at  1(>7"  (7->"cent.),  and 
fiien  mixing  with  the  solution  35  parts  of  oil  of  vitriol,  pre- 
viously diluted  with  four  times  its  weight  of  water,  one  half  of 
flie  oxide  of  lead  is  precipitated  as  sulphsite  of  lead,  and  a  solu- 
tion is  obtained  of  a  deep  yellow  colour,  from  which  the  neutral 
mMieoflead,  PbO,N()3+IIC),   crystallizes.     This  salt  gives 
yellow  crystals,   resendiling  the  nitrate  in  form.     Its  solution 
absorbs  oxygen  from  the  air,  and  like  all  the  nitrites,   gives  otf 
nitric  oxide  at  17G^  (H(r  cent.),  and  a  subnitrate  of  lead  precipi- 
tates.    Berzelius,    to  whom  we    are  indebted  for  the  preceding 

Q  u  *2 
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facts,  also    formed  a    quudribasic  nitrite  of  lead,   contai 
NO3,  4PbO  and  HO. 

Acetate  of  lead,  PbO,(C4H3  0s)+3HO.— This  salt  is 
with  well  crystallized^  and  in  a  state  of  great  purity  in  comn 
It  is  generally  prepared  by  dissolving  litliarge  in  the  acetic 
procured  by  the  distillation  of  wood.  It  crystallizes  in 
tened  four  sided  prisms,  has  a  taste  which  is  first  sweet 
then  astringent,  is  very  soluble  in  water,  100  parts  of  wate 
solving  59  of  the  salt  at  60%  and  soluble  in  8  parts  of  ak 
It  effloresces  in  air,  and  is  apt  to  be  decomposed  in  part  b 
carbonic  acid  of  the  air,  and  thus  to  become  partially  insol 
It  loses  the  whole  of  its  water  when  dried  at  the  usual  tern 
ture  in  vacuo.  M.  Payen  crystallized  the  anhydrous  aa 
from  solution  in  absolute  alcohol. 

Tribasic  subacetate  of  lead,  PbO,  (C4  H3  Ojj+SPbC 
formed  by  digesting  oxide  of  lead  in  a  solution  of  the  ne 
salt,  till  it  is  strongly  alkaline.  This  salt  does  not  crysti 
when  so  prepared,  but  may  be  dried,  and  then  contain 
water.  It  is  very  soluble,  but  must  be  dissolved  in  diit 
water,  as  the  carbonic,  hydrochloric  and  other  acids,  in 
water,  precipitate  its  oxide  of  lead.  M.  Payen  has  obse 
that  the  tribasic  subacetate  crystallizes  readily,  in  fine  priso 
needles,  when  formed  by  adding  ammonia  to  a  moden 
strong  solution  of  tlie  neutral  acetate.  ITie  crystals  coi 
1  eq.  of  water,  which  they  lose  at  212".  The  acetate  of  an 
nia  formed  at  the  same  time,  appears  to  give  stability  tc 
subacetate  of  lead  in  solution,  and  prevents  an  excess 
whole  equivalent  of  ammonia  from  throwing  down  any  0 
of  lead  from  the  solution.  This  ammoniacal  solution  of 
subacetate  of  lead,  prepared  without  an  excess  of  ammonia, 
convenient  form  in  which  to  apply  that  salt  as  a  reagent.* 

Sesquiba^ic  acetate  of  lead,  3PbO,  2(0^  H3  03)  + H( 
Was  obtained  by  Payen  by  adding  3  eq.  of  the  neutral  aoe 
to  a  concentrated  and  boiKng  solution  of  1  eq.  of  the  tril 
nitrate.  It  is  also  produced  when  the  neutral  and  anhyd 
acetate  of  lead  is  heated  in  a  retort  or  porcelain  capsule,  till 
whole,  after  being  liquid,  becomes  a  white  and  porous  n 
The  scsquibasic  acetate  is  then  formed  by  the  decoropositio 
3  atoms  of  neutral  acetate  of  lead,   from  which  there  seps 

•  M^moire  sur  Ics  Acetates  et  le  Protoxide  do  Plomb,  par  M.  I^yen, 
de  Cliini.  et  de  Phys.  t.  66,  p.  37. 
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die  dements  of  1  atom  of  acetic  acid,  in  the  form  of  carbonic 
acid  and  acetone,  (Matteucci,  Woliler).  Tliin  basic  salt  is  very 
Kdnble,  and  crystallizes  in  plates  of  a  pearly  lustre. 
,  A.  9exbasic  acetate  of  lead,  6PbO,  (C^  H3  O3),  is  formed  on 
dropping  a  solution  of  the  neutral,  or  uf  tribasic  acetate  of  lead, 
tttxf ammonia  in  excess.  It  is  a  white  precipitate,  which  ex- 
amined by  the  microscope,  has  a  crystalline  aspect.  It  con- 
tunia little  water,  which  it  loses  when  dried  in  vacuo. 

AUoysoflead. — Lead  and  tin    may  be  fused  together  in  all 
proportions.     M.  Rudberg  finds  that  these  metals  combine  in 
certain  definite  proportions    having  fixed   points  of  corigcla- 
»      tion: 

.  ALLOYS    OF    LEAD    AND   TIN. 

\  1  atom  of  lead  and  3  atoms  of  tin,  congeal  at  ^G8.6'*. 

1  atom  of  lead  and  1  atom  of  tin,  at  AM'*. 

2  atoms  of  lead  and  I  atom  of  tin,  at  5  IS®. 
'             3  atoms  of  lead  and  1  atom  of  tin,  at  536^ 

■       A  thermometer  placed  in  a  fluid  alloy  of  1  atom  of  lead  and 
^fe  atoms  of  tin,  becomes  stationary  when  the  temperature  falls 
'10  392®,  a  portion  solidifies,  and  a  more  fusible  alloy  separates; 
•Ae  temperature  again  falls,  and  afterwards  becomes  stationary 
fit  368.6*,  the  crystallizing  point  of  the   alloy  composed  of  1 
k    j|Mom  of  lead,  and  3  atoms  of  tin.     If  the  alloy  contains  so  much 
»     -tin  that  its  point  of  complete  congelation  is  under  368".6,  the 
tiitt  compound  always  separates  from  it,  at  that  point,  and  the 
thermometer  remains  stationary  for  a  time,   whatever  may  be 
<Ae  proportion  of  the  metals  in  the  alloy.*     Fine  colder  is  an 
aOoy  of  2  parts  of  tin  and  I  of  lead;  it  fuses  at  about  36*0®,  and 
^it  much  employed  in  tinning  copper.     Coarse  solder  contains 
one  fourth  of  tin,  and  fuses  about  500® ;  it  is  the  substance  em- 
ployed for  soldering  by  plumbers. 

Lead,  as  reduced  from  the  native  sulphurct,  always  contains  a 
Jhtle  silver.  The  latter  is  separated  by  f Jlowing  two  or  three 
4on8  of  tlie  melted  metal  to  cool  slowly  in  a  hemispherical  iron 
pot;  when  the  lead,  as  it  solidifies,  separates  in  crystals,  which 
eui  be  raked  out.  The  silver  remains  almost  wholly  in  the 
'more  fusible  portion,  or  what  may  be  looked  upon  as  the 
ttiother-liquor  of  these  crystals ;  so  that  by  this  operation  the 
aigentifierous   alloy  is  greatly    concentrated.       This   mode   of 

•  Rudberg,  An.  dc  Chim.  ct  dc  Phys.  t.  4S.  p.  363. 
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separation  was  discovered  by  Mr,  Pattenson  of  NewcaMle. 
separate  the  remaining  lead,  much  of  it  ia  c<Jii verted  into  i 
by  the  action  of  air  upon  its  surface,  in  the  shallow  furnace  uMd 
for  that  preparation ;  and  the  last  portions  of  lead  are  remf>n*€! 
by  continuing  the  oxidation  upon  a  porous  Imsoti  ar  * 
bone-eartli,  which  imbibes  the  fused  oxide  of  lead,  wl 
melted  silver  is  found  in  a  state  of  piwity  upon  ibe  sui.- 
the  cupel,  not  being  oxidable  at  a  high  tempcraiure* 

SECTION    XL 


DISMUTH, 

E<j,  SSaS  or  71.07 1  Bu 

Bismuth  generally  occurs  in  the  metallic  state,   and  is  i 
rated  from  the  gangue  or  accompanying  rock  by  fusion*     Itna 
be  prepared  in  a  state  of  purity,   for  cliemical  purposes*  by 
ducing,  with  charcoal,  the  oxide  of  bismuth  obtuiiied  by  iguid 
the  subnitrate. 

Bismuth  is  a  white  metal  of  a  reddish  shade,  and  hi| 
stallizable.  Its  density  is  9.53,  which  may  be  tncre 
cautious  hammering  to  9.8S27.  It  is  more  fusible  than  le 
melting  at  49?%  according  to  Crichton,  and  at  50?%  accon 
to  Rudberg.  This  metalj  like  water,  expands  considcmblj* 
crystallissing.  Ft  is  volatile  at  a  full  red  heat,  and  burns  m 
at  a  high  temperature  with  a  pale  blue  flame,  and  the  format] 
of  copious  fumes  of  oxide  of  bismuth.  This  metal  docs  not  ( 
idate  in  air ;  it  dissolves  with  difficulty  in  boiling  hydrochli 
or  diluted  sulphuric  acid,  by  substitution  for  hydrogen,  hu 
readily  oxidised  and  dissolved  by  nitric  acid.  BismuUi  rea 
bles  several  of  the  inagneslaji  metals,  in  funning,  besides  a  ; 
tuxide,  a  suboxide  of  which  the  composition  is  unknoun 
peroxide  Bi  O^,  w^hich  doe^  not  combine  with  acids. 

Suboxide  ofhtsmuth  is  formed  when  the  subnitrate  iv  •ii^rvii 
in  a  suUaion  of  protochloride  of  tin,  and   appears  a:^  :x  '  I » 
powder,  which  is  soluble  with  heat  in  hydrochloric  acid,  ( ^ 
When  bismuth  is  oxidated  and  fused   with  metapbosphatc 
soda  upon  charcoal,  by  the  blow  pipe,   and  the  bead  i 
held  in  the  reducing  flame,  a  coloxirless  glass  is  obtained,  WB 
assumes  a  black  colour  on  cooling.     This  is  analogous  to 
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wna  with  suboxide  of  copper,  and  appears  to  indicate  that 
side  of  bismuth  forms  salts,  at  least  in  the  dry  way. 
roiaxide  0/ bimuth,  BiO;  98fi.9  or  79.07 ;  BiO.— Is  ob- 
sd  by  the  combustion  of  bismuth,  as  a  straw  yellow  powder, 
IT  the  ignition  of  the  subnitrate.  The  density  of  the  fused 
te  is  8.211.  It  combines  with  acids,  and  forms  white  salts. 
\Jphurei  of  bismuth,  BiS,  occurs  crystallized,  and  has, 
rding  to  Mr.  W.  Phillips,  a  form  similar  to  sulphuret  of 
nony.  Hence  M.  Regnault  is  disposed  to  class  bismuth 
antimony,  (An.  de  Ch.  &c.  t.  73,  p.  70.)  The  eq.  of  bis- 
b  would  then  be  multiplied  by  3,  or  made  26^0.7,  and  tlie 
oxide  be  represented  by  Bi  O3.  Its  density  is  7.501.  The 
buret  is  dissolved  by  the  metal  in  all  proportions,  by  fusion, 
leparates  again  when  the  latter  congeals  (Lagerhjclm). 
Voride  of  bismutky  and  sulphate  of  the  oxide  of  bismuth^  arc 
edj  by  dissolving  oxide  of  bismuth  in  concentrated  hydro- 
ic  and  sulphuric  acids.  They  both  afford  subsalts,  when 
mposcd  by  water,  namely  BiCl  +  2BiO  +  I10  (Phillips,) 
SBiO  +  SOg  (Berzelius).  The  former  is  known  as  pearl 
?.  An  insoluble  subcarbonate  of  bisnmth  precipitates,  on 
■ring  the  nitrate  into  the  solution  of  an  alkaline  carbonate, 
h  is  used  in  medicine ;  also  a  crystalline  tartrate  of  bisvtmth, 
Iding  the  nitrate  to  a  solution  of  Rochelle  salt. 
traie  of  bismuth',  TiiO,  NO5+3HO;  16(i4 +  337.5  or  133. 
27-'— This  salt  is  produced  when  l)ismuth  in  powder  is 
ni  into  nitric  acid,  of  density  1.42;  the  action  is  very 
at.  Crystals  are  formed  on  cooling,  which  correspond  in 
kosition  with  the  magnesian  nitrates.     This  salt  is  decom- 

1  by  heat  in  the  same  way  as  the  nitrate  of  copper,  but  at  a 
r  temperature,  beginning  to  lose  acid  in  dry  air  at  80°. 
e    atoms    of    the  hydratcd    salt    are    resolved    by    heat 

2  atoms  of  hydrated  nitrate  of  water  (acid  of  sp.  gr, 
y  and  1  atom  of  subnitrate  of  bismuth  :  3(BiO,  NO5  +3110) 
aO,  NO5  +  3HO),  and  no,  NOj  +  .iBiO.  The  neutral 
se,  and  all  the  soluble  salts  of  bismuth  are  decomposed  by 
'9  which  combines  with  tlie  acid  and  throws  down  the 
^  generally  in  combination  with  a  portion  of  the  acid. 
B  of  bismuth  must,  therefore,  be  considered  as  inferior  to 
',  in  basic  power.  The  nitrate  of  bismuth  is  highly  corro- 
it  is  precipitated  as  a  black  sulphuret  by  sulphuretted  hy- 
n. 
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Subniiraie  of  bismuth^  HO,  NO^  +  bBiO,  mentioned 
is  produced  at  a  temperature  so  low  as  180%  and  may  be  < 
to  a  temperature  of  500°  without  decomposition.     At  a 
temperature  its  acid  and  water  go  off  together.     It  is  t 
subnitrate  of  hismutli  ever  produced,   in  the  decompoa 
the  neutral  nitrate  by  heat.     When  crystals  of  the   ncH 
trate  are  decomposed  by  24    times  their  weight  ofwatBfl 
give,  according  to  M*  Duflos,  a  hydrated  subnitrate  coia 
NO5, 4Bi  O  and  3H0,     This  subnitrate,  which  is  used  it 
macy   and    known   as  the  nwf/istn'p  of  bUmnlh^    is  a  hi 
white  powder  of  pearly  lustre,  composed  of  microscopic  d 
line  grains;  which  is  light  after  being  dried,  like  magneaj 
When  prepared  by  pouring  the  solution  of  the  neutral  ■ 
drop  by  drop,    into  a  large  quantity  of  water,   the  comp 
of  the  subnitrate  is  3BiO  +  NOjj,   according  to   Mr.   % 
The  subnitrate  of  bismuth  is  employed  as  a  cosmetic ;  i^ 
used  as  an  internal  remedy.  , 

Peroxide  of  bismuth^  Bi  O^,  was  formed  by  Strorae; 
boiling  anhydrous  protoxide  of  bismuth  finely  levigate! 
chloride  of  soda.  It  is  a  dark  brown  anhydrous  powder,  j 
gives  chlorine  with  hydrochloric  acid,  but  is  not  reduqe4 
state  of  protojdde  by  sulphurous  acid. 

The  alloys  of  bbmiuih  are  remarkable  for  tlieir  fusibtlitn 
nmalgam  of  this  metal  is  highly  liquid.  An  alloy  of  H  pa| 
muth,  3  lead  and  3  tin  melts  at  2U2";  another  mixture  d 
muth,  1  lead  and  I  tin  at  20O%75,  these  mixtures  are  \m 
fusible  metal.  Bismuth  is  also  added  to  the  alloy  of  t 
lead  used  for  casting  stereotype  plates.  Besides  iucreasfl 
bility,  bismuth  communicates  to  this  alloy  the  projjerty 
panding  00  becoming  solid,  by  which  it  is  calculated  to  t 
accurate  impression. 
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ORDER  V. 

BfTHER  METALS  PROPER  HAVING   ISOMORPHOUS    RELATIONS  WITH 
THE  MAGNESIAN   FAMILY. 

SECTION    I. 

TIN. 

Eq.  735.3  frr  58.<)2  ;  Sn  (stannum). 

'  1h  does  not  occur  native,  but  its  common  ore  is  reduced 
rf  a  simple  process,  and  mankind  appear  to  have  been  in  pos- 
orion  of  this  metal  from  the  earliest  ages.  Tlie  most  produc- 
m  mines  of  tin  are  those  of  Cornwall,  from  which  the  ancients 
ppesr  to  have  derived  their  principal  supply  of  this  metal, 
ad  those  of  the  peninsula  of  Malacca  and  island  of  Banca  in 
adia. 

The  only  important  ore  of  tin  is  the  peroxide,  which  is  found 
11  Cornwall,  both  in  veins  traversing  the  primary  rocks,  and  in 
Ihivial  deposits,  in  their  neighbourhood.  In  the  latter  case  the 
le  presents  itself  in  rounded  grains  of  greater  or  less  size, 
iWch  form  together  a  bed  covered  by  clay  and  gravel.  The  ore 
lis  evidently  been  removed  from  its  original  situation,  and  tlie 
jnins  rounded  by  the  action  of  water,  which  has  at  the  same 
hne  divested  it  of  the  other  metallic  ores  with  which  it  is  ao* 
iMnpanied  in  the  vein ;  these  lieing  softer  are  more  easily  re- 
hoed  to  powder,  and  have  been  carried  away  by  the  stream. 
Fhis  ore,  called  stream  tiny  is  easily  reduced  by  coal,  and  gives 
be  purest  tin.  The  metal  from  the  ore  of  the  veins,  is  conta- 
niimtedwith  iron,  copper,  arsenic  and  antimony,  from  which  a 
KRtion  of  it  is  partially  purified  by  liquation.  Bars  of  the  im- 
ore  metal  are  exposed  to  a  moderate  heat,  by  which  the  pure 
in  is  first  melted,  and  separates  from  a  less  fusible  alloy,  con- 
lining  the  foreign  metals.  The  purer  portion  is  called  grain 
n^  and  the  other  ordinary  tin  or  block  tin.  The  mass  of  grain 
n  is  heated  till  it  becomes  brittle,  and  then  let  fall  from  a 
sight.  By  this  it  splits  into  irregular  prisms,  somewhat  re- 
mbling  basaltic  columns.  This  splitting  is  a  mark  of  the 
irity  of  the  tin,  for  it  does  not  happen  when  the  tin  is  im- 
ire. 
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Pare  tm  is  silver  whitCi  very  soft,  and  sa  maileabltt 
may  be  beaten  iiito  thin  leaves^  titifoU  not  being  tnortt 
1-lOOOdth  of  an  inch  in  thickness.  When  a  bar  of  tin  ill 
it  emits  a  grating  sounds  which  is  characteristic;  and 
bent  backwards  and  forwards  rapidly,  several  times  in  soeoo- 
sion,  becomes  so  hot  that  it  cannot  be  held  in  the  hand.  At 
the  temperature  of  boiling  water,  tin  can  bfe  drawn  out  ialo 
wire,  which  is  very  soft  and  flexible^  but  deficient  in  te 
The  density  of  pure  tin  is  7-^B5,  or  7-^93  after  being  lamina 
that  of  the  tin  of  commerce  is  said  to  vary  from  J,56  to  ] 
Its  pouit  of  fusion  is  442^»  both  by  Crichton  and  Kodli 
445*'*(i  by  KupfFer,  Tin  is  volatile  at  a  very  high  temf 
The  brilliancy  of  the  surface  of  tin  is  but  slowly  impaired^ 
exposure  to  air^  and  even  in  M'ater  it  is  scarcely  acted  upon. 
Hence  Uie  great  value  of  this  metal  for  culinary  vessels,  n"-^  ^'^ 
covering  the  more  oxidable  metals^  such  as  iron  and 
when  employed  as  such.  Of  tin  three  oxides  are  known^  ii«6 
protoxide  Sn  O,  deutuxide  Sn^  O3,  and  peroxide  Sn  O,. 
V  Protoxide  of  tmy  S/annom  oxidt ;  SnO,  835,3  or  66.1^2.  Th 
dissolves  in  undiluted  hydrochloric  acid,  at  the  boiling  tempe- 
rature^ by  substitution  for  hydrogen,  and  forms  the  protucb 
ride  of  tin.  From  this  the  protoxide  is  precipitated  by 
alkaUne  carbonate,  as  a  white  hydrate^  which  may  be 
with  tepid  water  and  dried  at  a  temperature  not  exceediiig  IJ 
It  does  not  contain  a  trace  of  carbonic  acid.  This  white 
der  dried  more  strongly,  in  a  retort  filled  with  carbonic 
and  heated  to  redness,  gives  the  anliydrous  oxide,  as  a  1 
powder,  of  which  the  density  is  6,066,  In  tliis  state  the  1 
is  permanent,  but  if  a  body  at  a  red  heat  is  brought  in  ooai 
with  it  in  open  air,  it  takes  fire  and  bur  us,  and  ia  coof 
entirely  into  peroxide-  The  protoxide  of  tin  dissolves  in  1 
and  witli  more  facility  when  hydrated  tlian  after  bcbg 
This  oxide  is  also  dissolved  by  putaslt  and  suda,  but  iba  i 
tion  after  a  time  undergoes  decomposition  ;  metalUe  liii  tsi 
posited  and  the  peroxide  is  found  in  solution.  Tlie  soluts 
a  stannous  salt,  and  of  a  Ktanuic  salt  also^  is  apt  to  uml 
decomposition,  when  largely  diluted  with  water,  <uid  ta  < 
a  subsalt.     The  stannous  salts  absorb  on  '  'ni  \h» 

have  a  great  affinity  for  that  element  \  thi  it  the 

of  iron   into  protoxide,  and  throw  down   mercury,  mi 
pladnum  in  tlie  metallic  state  from  their  sglutiamt. 
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ride  of  gold  produces  a  purple  precipitate  in  a  stannous  salt, 
consisting,  it  is  believed,  of  the  deutoxide  of  tin  in  combination 
with  protoxide  of  gold,  u  test  by  which  the  protoxide  of  tin  may 
always  be  distinguished.  The  same  oxide  is  precipitated  as  a 
black  sulphuret,  by  sulphuretted  hydrogen,  even  from  acid  solu- 
tions. 

Proiochloride  of  tiny  Salt  of  tin ;  Sn  C1-I-3HO ;  1178+337.5 
•r  94.39+27. — ^This  salt  may  be  obtained  in  the  anhydrous 
state  by  raising  the  temperature  of  a  mixture  of  equal  weights  of 
calomel  and  tin  in  a  gradual  manner,  and  finally  distilling  the 
piotochloride  by  a  strong  red  heat.  The  fused  mass  on  cooling 
is  a  grey  solid,  of  considerable  lustre,  and  having  a  vitreous 
fracture.  The  hydrated  chloride,  known  in  commerce  as  salt 
of  tin3  is  procured  by  evaporating  tlie  solution  of  tin  in  concen- 
trated hydrochloric  acid  to  the  point  of  cr\'staHization.  It  is 
thus  obtained  in  needles  or  in  larger  four  sided  prismatic 
crystals,  which  contain  three  atoms  of  water.  The  salt  parts 
with  tlie  greater  portion,  if  nut  the  whole  of  this  water  at  ^12% 
bat  if  distilled  at  a  higher  temperature,  loses  hydrochloric  acid 
aliOy  and  an  oxichloridc  of  tin  remains.  It  dissolves  completely 
in  a  small  quantity  of  water ;  but  when  treated  with  a  large  quan- 
tity, the  salt  is  partly  decomposed,  hydrochloric  acid  is  dis- 
solved, and  a  light  milk-white  powder  separates,  which  is  a 
basic  chloride,  or  oxichloridc,  Sn  Cl  +  Sn  0  +  2H0.  Both  the 
crystals  and  the  solution  absorb  oxygen  from  the  air,  and  then 
a  basic  salt  of  the  peroxide  is  formed  which  is  also  insoluble  in 
Vttter.  From  both  these  causes,  a  complete  and  clear  solution 
of  the  salt  of  tin  is  rarely  obtained,  unless  the  water  be  previously 
■odulated  with  hydrochloric  acid,  lliis  salt  is  entirely  soluble 
in  caustic  alkali,  but  the  solution  is  liable  to  an  ulterior  cliange 
ilready  mentioned.  The  protochloridc  of  tin  is  nut  only  used 
in  calico  printing  as  a  mordant,  but  also  as  a  deoxidising  agent, 
particularly  to  deoxidise  indigo,  and  to  reduce  to  a  lower  state 
3f  oxidation  and  discharge  the  peroxides  of  iron  and  manganese 
ixed  upon  cloth. 

ProtocMoride  of  tin  and  potassium;  SnCl  +  KCl,  and 
3b  Cl+K  C1+3HO.— llie  protochloride  of  tin  forms  a  double 
nit  with  chloride  of  potassium,  and  also  with  chloride  of  ammo- 
ihun,  which  crystallize  in  the  anhydrous  condition,  and  also 
vilh  three  atoms  of  water. 

The  anhydrous  protochloride  of  tin  fused  in  ammoniacal  gas. 
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absorbs  half  an   equivalent  of  that  gas,   according   lo 
forming  2Sn  Cl-fNH^,  or  prohablj^  a  double   salt  like  the  pt^ 
oeding  salt  of  ammomum,  that  is,  Sn  C1+(NH3  Sn),  CL 

Protiodide  of  tin^  Sn  I,   is  formed   by  heating  a  mixt^ire 
granulated  tin  and  iodine.      It  was  found  by   BcmUay, 
to  form  double  salts  with  other  iodides,  particuUrty  with 
iodides  of  the  alkaline  and  earthy  metals,  in  which  two 
of  the  stannous  iodide  are  combined  with  one  of  the  otlifr 
iodide. 

Carbonate  of  tin. — Carbonic   acid  does  not  coipbioe  iJtll 
either  of  the  oxides  of  tin, 

Prctomiphate  of  tin,  Sn  O,  SO^. — Tin  dissolves  in 
add  concentrated  or  a  little  diluted,  and  affords  a  saline 
which  forms  a  brown  solution  in  water  and  deposits  small  err* 
stalline  needles  on  cooling. 

Protonitrate  of  tin,  Sn  O,  NO5,  is  obtained    by   dissoi 
protoxide  of  tin  in  nitric  acid  f   the  solution  cannot  be  ooi 
trated  and  is  easily  altered* 

Tartrate  of  potash  and  tin,  KO,  Sn  O-f  (C^  H^  Oi^).— 1 
trate  of  potash  dissolves  protoxide  of  tin,  and  forms  a  vm 
luble  salt  of  potash  and  tin,  which,  like  most  of  the 
is  neither  precipitated   by  caustic  alkahes,  nor  by  alkaline 
l>onates*     An  addition  of  bitartrate  of  potash  is  o< 
made  to  the  solution  of  tin  used  in  dyeing. 

Dtutoxide  of  tin,  Sn^  O^,    }  7  JOS  or    H1.88.~Wwi  o 
by  M.  Fuchs,  by  diffusing  recently  precipitated  peroxide  of 
in  a  solution  of  protochloride  of  tin,   containing  no   excess 
acid,  and  afterwards  boiling  the  mixture.     A  double  decoiiii 
sition  occurs,   in  whicli  the  deutoxide  of  tin  precipitate^ 
protochloride  of  iron  is  retained  in  solution  : 


2Sn  CI  and  Fe^  O3  =  Sn^  O3  and  2Fe  CL 


"Fhe  deutoxide  thus  obtained  ij  a  slimy  grey  matter^  and  1 
yellow    from  adhering  oxide   of  iron.       *  uia  di 

easily,  and  without  a  residue,  which  di  hes  thiil 

from  the  protoxide  of  tin,  the  latter  being  insoluble,  or 
^,   in  that  menstruum.     Tl      '  V  %  di 

cuticentrated  hydrochloric  ar  ^iolutioo  ii  J 

metallic.     It  is  distinguished  trom  a  salt  of  the  pemxide  (tf  tA 
tiy  producing  the  purple  precipitate  witli  chloride  of  gnU. 
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liaulphuret  exists,  corresponding  with  this  oxide.  The 
of  the  deutoxide  of  tin  have  not  been  examined. 
roxide  of  tin.  Stannic  oxide,  Sn  O,,  1)35.3  or  74.92. — ^"Iliis 
states  the  common  ore  of  tin,  which  is  generally  crystal- 
.  The  crystals  of  tin  stofie  are  sometimes  brownish  yellow 
Tanslucent,  at  other  times  dark  brown  and  almost  black, 
x>ntain  small  quantities  of  protoxides  of  iron  and  manga- 

Their  primitive  form  is  an  obtuse  octolicdron  of  a 
re  base ;  their  density  from  6.92  to  6.9fi.  The  peroxide  of 
n  this  state  does  not  dissolve  in  acids,  unless  previously 
ed  with  an  alkali.  Tin  is  converted  into  a  white  powder, 
h  is  a  hydrated  peroxide,  by  nitric  acid  ;  and  the  acid  acts 
most  violence,  when  not  of  its  highest  degree  of  concen- 
>n.  This  oxide,  after  being  well  washed  and  dried,  contains 
?r  cent  of  water ;  it  reddens  litmus  paper.  After  ignition 
tumes  a  pale  yellow  colour,  and  is  equally  insoluble,  by  the 
id  way,  as  the  natural  oxide. 

»  prepare  the  hydrated  peroxide  of  tin,  a  solution  of  the 
oride  of  tin  should  be  precipitated  cold,  by  an  alkaline  car- 
te, and  washed  with  cold  water.  It  forms  a  white  and 
^gelatinous  precipitate,  which  when  collected  on  a  filter  has 
tain  degree  of  transparency.  In  this  condition  the  perox- 
}{  tin  is  readily  dissolved  by  hydrochloric  acid,  whether 
mtrated  or  in  a  diluted  state.  Dried  in  vacuo  at  the  usual 
eratare,  it  forms  hard  translucent  masses,  resembling  gum 
ic,  which  contain  not  more  than  1  eq.  of  water ;  and  is  not 
iged  in  properties  by  the  desiccation.  If  this  hydrated  oxide 
gested  in  boiling  water  and  collected  cigain  on  a  filter,  it  is 
I,  without  much  change  in  appearance,  to  be  materially 
id  in  properties.  The  boiled  oxide  does  not  dissolve  in 
uted  hydrochloric  acid,  but  forms  with  a  small  portion  of 
)OUt  14  per  cent)  a  salt  insoluble  in  an  excess  of  acid. 
n  the  excess  of  acid  is  decanted,  the  residue  then  dissolves  in 
water;  but  it  precipitates  from  the  solution  when  hydro- 
ie  acid  is  added.  If  the  aqueous  solution  is  boiled,  the 
precipitates;  and  if  the  liquor  is  concentrated,  it  coa- 
sa  like  albumen.  There  can  be  little  doubt  that  the  pecu- 
BS  of  the  boiled  oxide  are  connected  with  an  alteration  in 
ite  of  hydration.  Peroxide  of  tin,  pre])arcd  by  the  action 
ric  add  on  tin,  acquires  the  same  properties,  it  is  t  j  be 

1,  from  its  being  exposed  to  a  high  temperature  in  its 
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formation.  The  existence  of  two  varieties  of  the  peroxiikof 
tin  was  observed  by  Berzelius  so  early  as  181 1,  and  is  thefint 
recorded  instance  of  isomerism. 

Hydrochloric  acid  is  capable  of  dissolving  a  great  exoen  of 
hydiated  peroxide  of  tin,  at  least  two  or  three  equivalenli. 
Tlie  peroxide  of  tin  is  also  soluble  in  alkalies ;  and  having  in  re- 
gard to  them  the  powers  of  a  feeble  acid,  it  is  sometimes  csDed 
stannic  acid.  A  very  dilute  solution  of  potash  boiled  with  die 
peroxide  of  tin,  forms  a  solution  in  which  1  part  of  potash  msf 
contain  16  parts  of  peroxide  of  tin.  Peroxide  of  tin  is  employed 
in  the  preparation  of  the  white  glass,  known  as  enamel ;  and  the 
ignited  and  finely  levigated  oxide  forms  jeweller* 8  putty y  which 
is  used  in  polishing  hard  objects.  The  hydrated  oxide  resem- 
bles alumina  in  forming  insoluble  compounds  with  die  orgasie 
colouring  matters,  and  hence  its  salts  are  much  prized  as  mor- 
dants. 

Bisulphuret  of  tin,  Sn  S^,  is  precipitated  from  persalts  of 
tin,  of  a  dull  yellow  colour,  by  sulphuretted  hydrogen  gu. 
Prepared  in  the  dry  way,  by  igniting  a  mixture  of  peroxide  iif 
tin,  sulphur  and  sal  ammoniac  in  a  covered  crucible,  it  fbimi 
the  aurum  musivum  or  mosaic  gold  of  the  alchemists.  In  dus 
operation  the  sal  ammoniac  is  indispensable,  although  it  seems 
to  serve  no  other  purpose  than  to  prevent  the  elevation  of  tem- 
perature which  results  from  the  sulphuration.  Mosaic  gold, 
when  well  prepared,  has  the  yellow  colour  of  gold,  and  consists 
of  brilliant  translucent  scales,  which  are  soft  to  the  touch.  No 
acid  dissolves  it,  excc])t  aqua  rcgia.  It  is  decomposed  by  dnr 
chlorine,  and  the  compound  formed,  SnCl^  +  SClj  (page 
379). 

Bichlonde  of  tin,  Permnriate  of  tin,  Sn  Cl^ ;  1G20.6  or 
129.86. — ^The  anhydrous  bichloride  of  tin,  known  as  the  fuming 
liquor  of  Libavius,  is  procured  by  distilling,  at  a  gentle  hest, 
a  mixture  of  4  parts  of  corrosive  sublimate  with  1  part  of  tin 
in  filings,  or  tin  amalgamated  with  a  little  mercury  and  then 
reduced  to  powder.  A  colourless,  highly  limpid  liquid  is 
found  in-  the  condenser,  which  fumes  strongly  in  humid  sir. 
The  bichloride  boils  at  248**;  the  density  of  its  vapour,  observed 
by  Dumas,  is  9.1997.  It  forms  a  solid  saline  mass  with  one 
third  of  its  weight  of  water,  and  dissolves  in  a  larger  quantity  of 
water.  The  same  salt  is  obtained  in  solution,  by  conducting  i 
stream  of  chlorine  gas  into  a  strong  solution  of  tiie  protocblo* 
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of  tin,  till  the  latter  is  saturated,  which  is  shewn  by  the 
don  ceasing  to  precipitate  mercury  from  a  solution  of  cor- 
re  sublimate.  A  solution  of  this  salt,  extensively  used  in 
ng,  and  known  as  the  nitro-muriate  of  tin,  is  generally  pre- 
d  by  oxidising  crystallized  protochloride  of  tin  by  nitric 
;  or  by  dissolving  tin  in  a  mixture  of  liydrochloric  and 
c  acids,  avoiding  any  considerable  elevation  of  tempera- 

ieUaride  of  tin  and  ammonia,  SnCI^  +  NH,  or  (NII3  ^n)C\^. 
lydrous  bichloride  of  tin  absorbs  ammoniacal  gas,  and 
18  a  white  powder^  which  may  be  sublimed  without  decom- 
tion;  after  sublimation  it  is  entirely  soluble  in  water  (Rose). 
^chloride  o/tin,  and  phosphuretied  hydrogen^  dSn  Cl^  +  PIIg. 
ae  two  bodies  unite  without  the  production  of  hydrochloric 
J  the  compound  is  solid  (Rose). 

KMoride  of  tin  and potaasiumy  Sn  Cl^  +  K  CI.— The  solution 
ochloride  of  tin,  when  mixed  with  an  equivalent  quantity  of 
iride  of  potassium  and  evaporated,  yields  this  double  salt  in 
idar  octohedrons  of  a  vitreous  lustre,  which  arc  anhydrous. 
iMufyhate  and  nitrate  0/ peroxide  of  tiny  have  been  crystal- 
d ;  this  base  forms  no  carbonate. 

loth  the  nUphuret  and  bistdphuret  of  tin  act  as  sulphur 
Is,  combining  with  alkaline  sulphurets.  The  bisulphuret  of 
dissolves  with  digestion  in  sulphuret  of  sodium,  and 
concentrated  solution  yields  fine  crystals  of  the  salt, 
i8+8n  S2+I2HO.  The  bisulphuret  of  tin  is  found 
ibined  with  the  subsulphurets  of  copper  and  iron,  forming 
^pyrUeMy  a  rare  mineral,  2V^^  S,  Sn  S,  +  2Cu,  S,  Sn  S,. 
VUoya  of  tin, — ^IHn  alloyed  with  small  quantities  of  antimony, 
pefj  and  bismuth,  forms  the  best  kind  of  pewter,  which 
leases  the  peculiar  whiteness  of  that  metal.  The  most 
bfe  compound  of  tin  and  bismuth,  is  that  of  an  atom  of 
ft  metal,  Bi  Sn ;  it  melts  at  289.4''  (Rudberg).  When  the 
ib.  are  mixed  in  other  ratios,  a  portion  first  congeals  at  a 
Mr  temperature,  separating  from  the  compound  mentioned, 
9b  remuna  liquid  till  the  temperature  fdls  to  289.4^  Al- 
ii^ tin  precipitates  copper  from  its  solutions  in  acids,  yet 
I.  possible  to  precipitate  tin  upon  copper,  and  to  cover  the 
^.  wUh  tin,  as  is  proved  by  the  tinning  of  pins.  Tin  is  dis- 
riidili  a  mixture  of  one  part  of  bitartrate  of  potash,  two  of 
%.  ^o  of  cqmmon  salt  and  a  certain  quantity  of  water,  and 


GOfi 


TTTAXtt'W. 


the  pins  irttrodaced  at  the  bmltn^  temperatiiiQ*    The 

dergo  no  change  in  tills  liquor^  supposing  it  to  coiitati] 
distsoh'ed  tin,  but  the  naomcnt  a  fragment  of  titi  t^^iua 
pins,  all  those  in  contact  with  each  other  are  tinned. 
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TITANIUM. 


Eq.  3037  or  24.33 ;   Ti* 

This  metal  was  discovered  in  1791»  by  Mr.  Gregor 
wall,  and   afterwards  by   Klaproth  who  gave  it  Uie  n 
nium.     In  the  form  of  titatiic  acid  it  constitutes  ^yt\ 
rals,  as  rutite,   anatase,    menaehanite,  etc ;  and  as 
protoxide  of  iron^  ilmenite  and  other  species. 

Titanic  acid,  mised  with  one*sixth  of  its  weight  of 
powder,  may  be  reduced  by  tiie  most  intense  heat  ofl 
furnace,  which   does  not,  however,    fuse  the  tit 
frequently   found    in    small  cubic  crystals  of  a        ^ 
colour^  on  the  slag  which  adheres  to  the  lower  part  of 
smelting  furnaces.     The  iron  and  foreign  i       i  'e 

be  removed  by  digestion  in  acids,  and   ti  <ibl 

a  aeparate  state.     Their  density  is  5.3;  they  are  h 
quarts.     Titanium  is  not   .';      ^,edby  any  arl  V 
ture  of  nitric  and  hydrui.  *  ids.     It  is  s 

fused  nitre.     Titanium  combines  in  two  proportiona  wi 
gen,  forming  titanic  oxide  TiO,  and  titanic  acid  TiOj, 

Oxide  of  titanium^  TiO,  403.?  or  3l2,H3. — ^Is  forme 
titanic  acid  is  exposed  in  a  charcoal  crucible,  ta  the 
temperature  of  a  wind  furnace.  Where  the  acid  H^as  in 
nfth  the  charcoal^  a  tliin  coating  of  red  metallic  titai 
formed,  but  within,  it  is  changed  into  a  black  manit,  ^ 
insoluble  in  all  acids«  and  not  otherwi$e  affected  by  tl 
oxidated  with  difficulty  wlien  heated  in  contact  witli  aiTj 
fusion  witli  nitre.  The  oxide  of  titanium  is  alao  obtaif 
the  moi&t  way^  in  the  form  of  a  deep  purple  {lowder,  ^ 
fmgmeut  of  jstne  or  iron  it»  introduci^d  into  a  solution  df 
9mi\  -one  acid. 
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The  oompotition  assigned  to  it  above  is,  therefore^ 
OietiGaL 

'mir  acid,  TiO,,  5037  or  40.33. — In  the  mineral  rutile, 
e  add  is  cryitalliaed  in  the  form  of  tin  stone ;  the  link  by 
I  tin  is  connected  with  titanium.  Again  ilmenite  and 
yarieties  of  titanate  of  iron,  FeO,  TiO,,  are  isomorphous 
peroxide  of  irou,  (page  146) ;  and  tlms  tin  conies  to  be  con- 
d  through  titanium  with  the  last  order  of  metals.  But  ti- 
add  is  dimorphous,  and  crystallizes,  in  anatase,  in  an  un- 
seted  form.  Titanic  acid  is  procured  more  easily  from  the 
tte  of  iron*  reduced  to  powder  and  levigated,  which  is  fused 
lulphur.  The  sulphur  has  no  action  upon  the  titanic  acid, 
tonverts  the  protoxide  of  iron  into  a  sulphuret  of  iron, 
I  if  dissolved  by  hydrochloric  acid.  If  iron  is  still  retained 
e  titanic  add,  the  latter  is  heated  in  a  stream  of  sulphu- 
I  hydrogen  gas,  by  which  every  particle  of  iron  is  con - 
1   into  sulphuret,    and    then   removed  by  hydrochloric 

anic  add  is  a  white  powder,  which  acquires  a  yellow  tint 
ligh  temperature ;  it  is  infusible  and  insoluble  in  water, 
icadd  is  considerably  analogous  in  properties  to  silica; 
bat  add  it  has  a  soluble  modification,  formed  by  igniting 
B  add  with  an  alkaline  carbonate,  which  is  soluble  in  dilute 
cUoric  add.  The  add  solution  of  titanic  acid  gives  an 
e-red  predpitate  with  an  infusion  of  gall-nuts,  which  is 
steristic  of  titanic  add.  On  neutralising  tiie  acid  solution 
unmonia,  the  soluble  modification  of  titanic  acid  is  thrown 
as  a  white  gelatinous  precipitate.  When  this  precipitate 
A  and  heated,  it  glows,  and  the  titanic  add  is  no  longer 
it  in  adds.  When  a  solution  of  bichloride  of  titanium,  or 
I  sulphate  of  titanic  acid  in  water,  is  boiled  for  some  time, 
i  acid  predpitates  in  the  insoluble  modification. 
U^pkmrei  of  titanium^  Ti  S^,  was  discovered  by  llose,  who 
I'itby  passing  the  vapour  of  the  bisulphurct  of  carbon 
Etanic  add,  in  a  porcelain  tube  maintained  at  a  bright  red 

Uoride  of  iitanmm,  Ti  Cl^,  was  formed  by  Mr.  George  of 
,''  by  transmitting  chlorine  over  metallic  titanium  at  a  red 
It  is  a  transparent  colourless  liquid,  resembling  bichlo- 
ftin,  and  boiling  a  littie  above  212^  The  density  of  its 
i%  6.615  (Dumas).    Bichloride  of  titanium  combines  with 
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could  not  be  isolated.  Bichloride  of  titanium  fc 
salts  with  the  alkaline  chlorides,  which  are  colourlef 
ble  of  crystallizing. 

A  volatile  bifluonde  of  titanium^  Ti  F^,  was  obtaii 
verdorben,  by  distilling  titanic  acid  in  a  platinun 
with  fluor  spar  in  powder,  and  fuming  sulphuric  ad 

A  definite  sulphate  of  titanic  acid,  TiOj  +  SOj, 
by  dissolving  titanic  acid  in   sulphuric  acid^  and  ev; 
dryness  by  a  heat  under  redness. 


SECTION    III. 


CHROMIUM. 
£^.351.8  or  28.19  5  Cr. 


This  metal,  so  remarkable  for  the  variety  and  fa 
coloured  preparations,  was  discovered  by  Vauqud 
in  the  red  mineral  now  known  as  chromate  of  lead, 
been  found  in  other  minerals,  more  particularly 
(FeO-f  Crj  O3),  a  mineral  which  many  countries  poa 
siderable  quantity.  It  is  from  this  ore  that  the  co 
chromium,  used  in  the  arts,  are  actually  derived. 
may  be  procured  by  the  reduction  of  its  oxide,  in  th< 
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li  peroxide  of  iron  and  with  alumina,  and  the  higher  or 
"omic  add,  Cr  O3,  is  isomorphous  with  sulphuric  acid. 
OlMde  of  chramiumy  Cr^  O, ;  1003.6  or  80.42.— This  oxide 
■ta  in  chrome  iron,  but  is  not  immediately  derived  from  that 
aeral.  When  chromate  of  mercury,  the  orange  precipitate 
tuned  on  mixing  nitrate  of  mercury  and  chromate  of  potash^ 
itrongly  ignited,  oxide  of  chromium  remains  as  a  powder  of  a 
9d  green  colour.  The  oxide  of  chromium  is  also  obtained,  by 
Mddiaing  the  chromic  acid  of  bichromate  of  potash  in  various 
KjB  ;  by  ignition  with  sulphur,  for  instance,  or  by  igniting  toge- 
sr  1  part  of  bichromate  of  potash  with  1^  parts  of  sal  ammo- 
M^  and  1  part  of  carbonate  of  potash,  whereby  chloride  of 
AHsiam  and  oxide  of  chromium  are  formed ;  the  chromic 
id  losing  half  its  oxygen  which  is  converted  into  water  by  the 
idrogen  of  the  ammonia.  Another  process,  interesting  from 
faiding  the  oxide  in  the  state  of  crystals,  is  to  pass  the  vapour 

diloro-chromic  acid  (Cr  O^  CI)  through  a  tube  heated  to 
liteness,  when  oxygen  and  chlorine  gases  are  disengaged,  and 
ade  of  chromium  attaches  itself  to  the  surface  of  the  tube, 
ie  crystals  have  a  metallic  lustro,  and  are  of  so  deep  a  green 

to  appear  black ;  they  have  the  same  form  as  specular  iron 
B^  the  density  5.21,  and  are  as  hard  as  corundum  (Wohler). 
le  ignited  oxide  of  chromium  is  not  soluble  in  acids ;  heated 
di  access  of  air,  and  in  contact  with  ^n  alkali,  it  absorbs  oxy- 
D  and  becomes  chromic  acid.  Fused  with  borax  or  other 
hfeoiia  substances,  oxide  of  chromium  communicates  to  them 
kantifbl  green  colour ;  it  is  the  colouring  matter  of  the  eme- 
Id^  and  is  employed  to  produce  a  green  colour  upon  earthen- 
ke»  Oxide  of  chromiimi  (and  not  chromic  acid)  is  also  the 
Iporing  matter  of  pink  colour^  applied  to  stoneware.  This 
JMuioeiB  formed  by  igniting  strongly  a  mixture  of  100  parts 
^peroadde  of  tin,  33  parts  of  chalk  and  not  more  than  1  part  of 
pie  of  chromium.* 

SR^  obtain  the  same  oxide  in  a  hydrated  condition,  a  solution 
jWchrnmntr  of  potash  is  brought  to  the  boiling  point,  and 
Itobcihloric  acid  and  alcohol  alternately  added  in  small  quan- 
|b%  till  the  solution  passes  from  a  red  to  a  deep  green  colour, 

^  Halagnti,  An.  de  Chim.  et  de  Phys.  t.  61,  p.  433.  Mr.  O.  Sims  finds 
it  ptraiidwi  of  iron  and  manganese  may  be  substituted  for  oxide  of  chromium 
fUc  cokMr,  to  that  the  coloration  of  that  substance  is  of  an  extraordinary 
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organic  substances  may  be  used  in  place  of  alcohol  i 
rimenty  such  as  sugar,  oxalic  acid,  &c.  The  oxide  c 
is  precipitated  from  the  green  solution  by  ammonia^ 
a  pale  bluish-green  hydrate.  The  same  oxide  is  ol 
directly,  when  to  a  boiling  solution  of  bichromat 
a  hot  solution  of  the  pentasulphuret  of  potassium  i 
chromic  acid  then  giving  half  its  oxygen  to  the  snip 

Ilydrated  oxide  of  chromium  is  soluble  in  acid 
salts.  It  is  also  dissolved  by  potash  and  soda,  1 
great  extent  by  ammonia.  Its  solution  in  acids 
green  or  purple  by  reflected,  and  red  by  transmitte 
salts  have  a  sweet  taste,  and  are  poisonous ;  they  an 
by  sulphuretted  hydrogen  ;  alkaline  sulphurets  pre 
them  the  hydrated  oxide.  The  oxide  itself  becomes 
colour  when  dried,  and  loses  water.  A  moderate 
its  relations  to  acids,  the  sulphate  of  the  heated  (or 
not  forming  a  double  salt,  for  instance,  with  sulphat 
When  heated  to  redness,  it  glows,  or  undergoes  the 
as  zirconia,  peroxide  of  tin,  and  many  other  hydrat 
when  made  anhydrous,  becomes  denser,  of  a  pure  | 
and  ceases  to  be  soluble  in  acids. 

A  sesquisxdphuret  qf  chromiumy  Crj  S3,  corresponi 
oxide,  is  obtained  by  exposing  the  latter,  in  a  ponM 
the  vapour  of  bisulpliuret  of  carbon,  at  a  bright  red 
substance  of  a  dark  grey  colour,  which  is  dissolved  I 

Sesouichloride  of  chromium.  Cr«CL  :  2031.6  or  I 
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Stdphaie  of  chromium,  Cr,  03,3803;  2507.1  or  200.90.— 
Oxide  of  chromium  is  dissolved  by  sulphuric  acid,  but  the  salt 
does  not  crystallize.  When  dried  strongly^  it  loses  its  solubility. 
Itiimns^  however^  a  crystallizable  double  salt  with  sulphate  of 
|Dli8b,  chrome  alum,  KO,  SO3 -f  Cr^Og,  3SO3 -f  24HO.  This 
pit  q)pears  when  a  mixture  of  its  constituent  salts^  with  a  little 
Ak  sulphuric  acid,  is  left  to  spontaneous  evaporation.  Its 
Odobedral  crystals  are  of  a  dark  purple  colour^  and  of  a  beau- 
tifid  ruby  red,  when  so  small  as  to  be  transparent.  The  solution 
jpCdirome  alum  is  bluish  purple,  but  when  heated  to  i40<>  or 
JIKP  becomes  green,  a  change  of  colour  which  indicates  the 
^ibeomposition  of  the  salt ;  for  when  afterwards  evaporated,  it 
^  longer  yields  crystals  of  chrome  alum,  but  of  sulphate  of 
potash,  and  the  sulphate  of  chromium  dries  up  into  a  gummy 

S.  Iron  alum  is  often  decomposed  in  the  same  manner,  by 
ng  its  solution,  and  is  not  reproduced  on  cooling.  The 
mode  of  preparing  chrome  alum  is  to  mix  three  parts  of  a 
^ipptorated  solution  of  neutral  chromate  of  potash,  first  with  one 
ijprt  of  oil  of  vitriol,  and  then  with  two  parts  of  alcohol,  which 
Ijjitdded  by  small  portions  to  the  mixture  of  acid  and  chromate, 
^|0d  not  to  apply  artificial  heat.  The  chromic  acid  is  thus 
l^jpozidised  in  a  gradual  manner,  and  large  crystals  of  the  double 
Mlphate  are  slowly  deposited,  (Fischer.) 
.  OxakUe  0/ chromium  and  potash,  3  (KO,  Cfi^  -h  CrjOa,  SCjOj  + 
CHO. — ^This  is  another  beautiful  double  salt  of  chromium.  It 
k  easily  prepared  by  the  following  process  of  Dr.  Gregory. 
One  part  of  bichromate  of  potash,  two  parts  of  binoxalate  of 
potash,  and  two  of  crystallised  oxalic  acid  are  dissolved  together 
n  hot  water.  A  copious  evolution  of  carbonic  acid  gas  takes 
shoe,  arising  firom  the  deoxidation  of  the  chromic  acid,  at  the 
Kpense  of  a  portion  of  the  oxalic  acid,  and  nothing  fixed  re- 
nains,  except  the  salt  in  question,  of  which  a  pretty  concen- 
mted  solution  crystallizes  upon  cooling  in  prismatic  crystals, 
pbicb  are  black  by  reflected  light,  but  of  a  splendid  blue  by 
mumitted  light,  when  sufficiently  thin  to  be  translucent.  The 
nde  of  chromium  cannot  be  precipitated  from  this  salt  com- 
btdy  by  an  alkaline  carbonate  ;  and  it  is  remarkable  that  only 
amall  portion  of  the  oxalic  acid  is  thrown  down  from  it  by 
blcride  of  calcium.  When  fully  dried  and  then  carefully 
united,  this  salt  is  completely  decomposed,  and  leaves  a  mix- 
ire  of  chromate  and  carbonate  of  potash.    The  corresponding 
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double  oxalate  of  chromium  and  soda  contains  9HO,  aooordiiig 
to  Mitscherlich.  In  the  analogous  oxalate  of  peroxide  of  inm 
and  soda,  the  proportion  of  water  appeared  to  me  to  be  lOHO. 

The  mineral  chrome  iron,  Fe  O,  Cr,  O3,  crystallises  in  oetohe- 
drons,  and  corresponds  widi  the  magnetic  oxide  of  iron,  haling 
the  peroxide  of  iron  replaced  by  oxide  of  chromium.  Its  denatj 
is  4.5 ;  it  is  about  as  soft  as  felspar,  and  infusible.  When  ex- 
posed to  long  continued  calcination,  in  contact  with  carbomte 
of  potash,  in  a  reveberatory  furnace,  the  oxide  of  chromium  of 
this  compound  absorbs  oxygen,  and  combines  as  chromic  add 
with  the  potash,  while  the  protoxide  of  iron  becomes  peroxid& 
The  addition  of  nitre  increases  the  rapidity  of  oudation,  bat  if 
not  absolutely  required  in  the  process.  A  yellow  alkaline  sob- 
tion  of  carbonate  and  chromate  of  potash  is  obtained  bj  fis- 
viating  the  calcined  matter,  which  is  generally  conTerted  into 
the  red  chromate  or  bichromate  of  potash,  by  the  addition  of 
the  proper  quantity  of  sulphuric  acid,  the  latter  salt  being  moie 
easily  purified  by  crystallization  than  the  neutral  chromate. 

Chromic  acid,  CrOg,  651.8  or  52.19.— This  acid  is  not  libe- 
rated from  the  chromates  in  a  state  of  purity  by  any  add  eie^ 
the  fluosilicic  ;  it  is  also  easily  altered.     Fluosilicic  acid  gas  ii 
conducted  into  a  warm  solution  of  bichromate  of  potash,  till  the 
potash  is  completely  separated  as  the  insoluble  fluoride  of  silicon 
and  potassium,  which  may  be  ascertained  by  testing  a  few  drops 
of  the  solution  with  tartaric  acid  or  chloride  of  platinum.    The 
solution  is  evaporated  to  dryness  by  a  steam  heat,  and  the 
chromic  acid  redissolved  by  water ;  it  gives  an  opaque  dull  red 
solution.     Chromic  acid  may  also  be  obtained  anhydrous  and  in 
acicular  crystals,  by  distilling,  in  a  platinum  retort,  a  mixture  of 
4  parts  of  chromate  of  lead,   3  parts  of  finely  pulverised  fluor 
spar,  and  7  parts  of  the  Nordhauscn  sulphuric  acid ;  sulphate  d 
lime  is  formed,  and  the  superfluoride  of  chromium,  the  vapour 
of  which  is  received  in  a  large  platinimi  crucible,  covered  by 
wet  paper,  and  used  as  a  condenser.       The   superfluoride  i« 
decomposed  by    the    aqueous  vapour  from  the  paper,   being 
resolved  into  hydrofluoric  acid  and  beautiful  orange-red  acicular 
crystals  of  chromic  acid,  which  fill  tlie  crucible.      Chromic  add 
difiers  remarkably  from   sulphuric  acid,  in  having  but  little  affi- 
nity for  basic  water,  so  that  it  may  be  obtained  anhydrous  bj 
evaporating  its  solution  to  dryness.     Indeed,  the  cluromate  of 
water  is  not  known  to  exist,  even  in  combination,  both  the 
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lichromate  and  terchromate  of  potash  being  anhydrous  salts. 
Fhe  free  acid  is  a  highly  oxidating  agent,  and  bleaches  organic 
xdoaring  matters :  chromic  acid  then  loses  half  its  oxygen,  and 
becomes  oxide  of  chromium.  When  sulphurous  acid  is  trans- 
BEutted  through  the  solution  of  a  chromate,  a  brown  precipitate 
■obaides,  which  is  a  subchromate  of  tlie  oxide  of  chromium. 
Ilie  same  compound  frequently  ap{)ears  when  chromic  acid  is 
odierwise  imperfectly  deoxidised. 

CHROMATES. 

Ckramaie  of  potash,  Yellow  chromaie  of  yotashy  KO,  Cr  O3 ; 
li41.7  or  99.5. — ^This  salt  is  produced  in  the  treatment  of  the 
chrome  ore,  but  is  seldom  crystallized.       It  may  be  formed 
from  the  bichromate,  by  fusing  that  salt  witli  an  equivalent 
^[oantity  of  carbonate  of  potash ;  or  by  adding  caustic  potash  to 
a  led  solution  of  the  bichromate,  till  its  colour  becomes  a  pure 
golden  yellow.    The  solution  of  chromatc  of  potash  has  a  great 
tBodency  to  effloresce  upon  Uie  sides  of  the  bason  when  eva- 
pouted.     Its  crystals  are  of  a  yellow  colour,  anhydrous,  and 
Inmorphous  with  sulphate  of  potash.     One  hundred  parts  of 
'at  IQo  dissolve  48^  parts  of  this  salt;  the  solution  pre- 
its  yellow  colour,  even  when  diluted  to  a  great  degree. 
Bichromate  of  potash.  Red  chromate  of  potash,  KO,  2Cr  O3  ; 
1893.5  or  151.73. — This  beautiful  salt,  of  wliich  a  large  quan- 
tity is  consumed  in  the  arts,  crystallizes  in  prisms,  or  in  large 
fcur-sided  tables,  of  a  fine  orange  red  colour.     It  fuses  under 
a  red  heat,  and  forms  a  crj-stalline  mass  on  cooling,  of  which  the 
oystals  have  the  same  form  as  those  obtained  from  an  aqueous 
lolation,  according  toMitscherlich;  but  this  mass  falls  to  powder 
IS  it  cools,  from  the  unequal  contraction  of  tlie  crystals  in  diffe- 
mit  dimensions.  At  GO**,  water  dissolves  1-lOth  of  its  weight  of 
Jiis  salt,  and  at  the  boiling  point  a  considerably  greater  quantity. 
Bichromate   of  chloride  of  potassium,  Pcliffoi's  salt,  KC1  + 
IC1O3.— This  salt,  which  we  are  obliged  to  designate  as  if  it 
contained  chloride  of  potassium  in  combination  as  a  base  with 
shromic  acid,  is  formed  by  dissolving  togetlier  with  the  aid  of 
BCaty  about  three  parts  of  bichromate  of  potash  and  four  of 
concentrated  hydrochloric  acid,  with  a  small  quantity  of  water, 
Kvoiding  the  evolution  of  chlorine.     It  crystallizes  in  flat  red 
quadrangular  prisms,  and  is  dccom|)osed  by  solution  in  pure 
wftter. 
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Terchromate  of  potashj  KO^SCrO),  is  obtained  cryataDised 
when  a  solution  of  the  bichromate  is  mixed  with  nitric  acid,  mi 
evaporated.  Bichromates  of  soda  and  of  silver  exist,  which  are 
anhydrous,  like  the  bichromate  of  potash,  (Warington.) 

Chromate  of  8oda,  Na  O,  Cr  O,  +  lOHO.— By  the  evapontin 
of  a  concentrated  solution  of  this  salt,  it  is  obtained  in  \mf 
fine  crystals,  having  the  form  of  glauber  salt. 

Chromate  of  lead,  PbO,  CrOgj  2046:S  or  163.97.-1101 
compound,  so  well  known  as  chrome  yellow,  is  obtained  by  nor 
ing  the  nitrate,  or  acetate  of  lead,  with  the  chromate  or  bi* 
chromate  of  potash.  The  precipitate  is  of  a  lighter  shade  fiiA 
dilute  than  from  concentrated  solutions.  It  is  entirely  sohiUl 
in  potash  or  soda,  but  not  in  dilute  acids. 

Subchromate  of  lead,  2Pb  O,  Cr  O3,  is  of  a  red  colour.  Itii 
formed  when  a  solution  of  neutral  chromate  of  potash,  with  11 
much  free  alkali  added  to  it  as  it  already  contains,  is  added  tot 
solution  of  nitrate  of  lead.  But  the  finest  vermilion-red  lob- 
chromate  is  formed  when  one  part  of  the  neutral  chromitsof 
lead  is  thrown  into  five  parts  of  nitre,  in  a  state  of  fusion  bf 
heat.  Water  dissolves  the  chromate  and  nitrate  of  potaih  of 
the  fused  mass,  and  leaves  the  subchromate  of  lead,  as  a  cry^ 
talline  powder,  (Liebig  and  Wobler.)  An  orange  pigment  miy 
l)c  obtained  very  economically  by  boihng  the  sulphate  of  Ui4 
which  is  a  waste  product  in  making  acetate  of  alumina  from  alua 
by  means  of  acetate  of  lead,  with  a  solution  of  chromate  of  potash. 
The  subchromate  of  lead  forms  a  beautiful  orange  upon  doth, 
which  is  even  more  stable  than  the  yellow  chromate,  not  being 
acted  upon  by  cither  alkalies  or  acids.  One  method  of  dyein; 
chrome  orange,  is  to  fix  the  yellow  chromate  of  lead  first  in  the 
calico,  by  dipping  it  successively  in  acetate  of  lead  and  bichro- 
mate of  potash,  and  then  washing  it.  This  should  be  repeated, 
in  order  to  precipitate  a  considerable  quantity  of  the  chromate 
in  the  calico.  A  milk  of  lime  is  then  heated  in  an  open  pan, 
and  when  at  the  point  of  ebullition,  the  yellow  calico  is  im- 
mersed in  it,  and  instantly  becomes  orange,  being  deprived  of  a 
portion  of  its  chromic  acid  by  the  lime,  which  forms  a  soluble 
chromate  of  hme.  At  a  lower  temperature,  lime-water  dissolTCi 
the  chromate  of  lead  entirely,  and  leaves  the  cloth  white. 

Chromate  of  silver  falls  as  a  reddish  brown  precipitate  when 
nitrate  of  silver  is  added  to  neutral  chromate  of  potash.  Dis- 
solved in  a  hot  and  concentrated  solution  of  ammonia,  it  givcSi 
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fMioling,  large  well  formed  crystals,  AgO,  Cr03  +  2NH3, 
Dorphoufl  with  the  analogous  ammoniacal  sulphate  and 
iniate  of  silver. 

Ikromaie  of  magnesia  forms,  according  to  my  own  observa- 
nt yellow  crystals  which  are  very  soluble^  and  contain  5  HO. 
loes  not  form  a  double  salt  with  chromate  of  potash,  as 
phate  of  magnesia  does  with  sulphate  of  potash.  It  is  re- 
rked  that  the  insoluble  metallic  chromates  generally  carry 
im  portions  of  the  neutral  precipitating  salts,  or  of  subsalts, 
1  their  analysis  is  often  unsatisfactory  from  that  cause. 
hen  the  magnesian  chromates  are  compared  with  the  sul- 
ttles  of  the  same  family,  the  former  are  found  to  have  their 
iter  readily  replaced  by  metallic  oxides,  but  not  by  salts ;  so 
■t  subchromates  with  excess  of  oxide  are  numerous,  while 
w  or  no  double  chromates  exist. 

CUorockromic  acid,  Cr  O^  CI,  or  2Cr  O3 + Cr  CI3.— This  is  a 
blile  liquid,  obtained  by  distilling,  in  a  glass  retort,  by  a 
ntie  hea^  3  parts  of  bichromate  of  potash  and  3^  parts  of 
amum  salt^  previously  reduced  to  powder  and  mixed  together, 
ith  5  parts  by  water  measure,  of  oil  of  vitriol,  discontinuing 
e  distillation  when  the  vapours,  from  being  a  deep  orange  red, 
itome  pale — ^that  change  arising  from  watery  vapour.  The 
mpoond  is  a  heavy  red  liquid,  decomposed  by  water.  The 
nirity  of  its  vapour  is  5.9 

Tarjbtoride  of  chromium^  Cr  F3,  is  obtained  in  the  manner 
nady  mentioned  under  the  preparation  of  chromic  acid.  It  is 
blood-red  liquid.  No  corresponduig  terchloride  of  chromium 
IS  been  obtained  in  an  isolated  state. 

SECTION    IV. 

VANADIUM. 

£j.  856.9  or  68.66;  V. 

Vanadium^  so  named  from  Vanadis^  a  Scandinavian  deity, 
IS  discovered  by  Sefstrcem  in  1830,  in  the  iron  prepared  from 
B  iron  ore  of  Taberg,  in  Sweden,  and  procured  afterwards  in 
'gjeat  quantity  from  the  slag  of  that  ore .  It  was  found  after- 
ads  by  Mr.  Johnston,  in  a  new  mineral  discovered  by  him^ 
B'Vanadiate  of  lead  from  Wanlockhead.  It  is  one  of  the 
rest  of  the  dements.    The  metal  itself  has  considerable  Te- 
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semblance  in  properties  to  chromiam*  It  combines  willi 
in  tliree  proportions,  forming  the  protosicle  of  i^QAdtl 
peroxide,  VO.^,  and  vanadic  acid,  VO3- 

Proioxide  ofvanadhanf  VO,  956.9  or  7^*^^  is  prod 
the  action  of  charcoal  or  hjrdrogen  upon  vanadic  acid*  1 
black  powder  of  semi-rnetaUic  lustre,  and  when  made  <s 
hf  pressure,  conducts  electricity  Uke  a  metal.  It  does  q 
bine  with  acids,  and  exhibits  none  of  the  chariictera  of  i 
line  base.  It  is  readily  oxidised  when  heated  in  the  Q 
and  passes  into  the  following  compound.  ' 

Perojride  qf  vanadium,  \'0^  1056.9  or  84*66 — is  prod 
the  action  of  sulphoretted  hydrogen  and  other  daa 
substances  upon  vanadic  acid.  When  pure,  it  is  a  bl 
▼erulent  substance,  quite  free  from  any  acid  or  alkaluie  ] 
It  dissolves  in  acids^  and  forms  salts,  most  of  which 
blue  colour.  These  salts  give  a  precipitate  with  a  ailtgh 
of  carbonate  of  soda,  of  a  greyish  w^hite  hydratCs  which  I 
red  by  oxidation.  They  are  also  precipitated  bl  '  '  H 
of  nut^alls,  Uke  the  salts  of  iron.     Peroxide  of  Yl.  i] 

capable  of  acting  as  an  acid^  and  forms  compounds  wHk 
bases,  some  of  which  are  crystallizable. 

Vttfiadic  acid,  VO3 ;  1 150.1)  or  92.66, — It  is  in  this  si 
vanadium  occurs  in  the  slag  of  the  iron  of  Taberg,  am 
vanadiate  of  lead.  It  is  obtained  by  dissolving  the  latter 
in  nitric  acid,  and  precipitating  the  lead  and  arsenic,  wit 
the  vanadium  is  accompanied,  by  sulphuretted  bydroj 
blue  solution  of  peroxide  of  vanadium  remains,  which  I 
vanadic  acid  when  evaporated  to  dryness,  Vanadic  ac 
but  retains  its  oxygen  at  a  strong  red  heat.  It  is  very  s 
soluble,  water  taking  up  only  1-lOOth  of  its  weight  of  tl 
pound,  acquiring  a  yellow  colour  and  an  add  reaction, 
the  part  of  a  base  to  stronger  acids.  An  interesting 
phosphate  of  silica  and  vanadic  acid  was  observed  in  cp 
scales,  of  which  the  formula  is  2Si03,P05  4*2V03,P04' 
Vanadic  acid  forms  with  bases  neutral  and  acid  salts,  I 
of  which  admit  of  an  isomeric  modification,  being  bo| 
and  yellow,  while  the  acid  salts  arc  of  a  fine  omiige  ro 
nadic  and  chromic  acids  are  the  only  acids  of  wliich  the  I 
is  red,  while  they  are  distinguished  from  each  other 
vanadic  acid  becoming  blue,  and  the  chromic  acid  gred 
they  are  deoxidised. 
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Bnlphurets  and  chlorides  of  vanadiuniy  corresponding  with 
B  peroxide  and  vanadic  acid,  have  likewise  been  formed.* 


SECTION    V. 

TUNGSTEN  AND  MOLYBDKNUM. 

TUNGSTEN. 

8tfn.  WOLFRAM.     Eq.  1183  or  94.8 ;  W. 

Iliii  element  exists  in  the  form  of  tungstic  acid  in  several 
unerals,  of  which  the  most  important  are  the  native  ttmgstaie 
fSme  CaO,  WO3,  and  wolf  r amy  or  the  tungstate  of  manganese 
Ddiron,  MnO,  W03+3(FeO,  WO3).  Its  name  tungsten  means 
B  Swedish,  heavy  stone,  and  is  expressive  of  the  great  density 
i  iti  preparations. 

Tungstic  acid  parts  with  oxygen  easily,  and  may  be  reduced 
11  glass  tube,  by  means  of  dry  hydrogen  gas,  at  a  red  heat. 
the  metal  is  thus  obtained  in  the  state  of  a  dense  dark  grey 
Ovder,  which  it  is  necessary  to  expose  to  a  very  violent  heat  to 
tte  into  globules,  for  tungsten  is  even  less  fusible  than  man- 
mese.  The  metal,  when  fused,  has  the  colour  and  lustre  of 
ODp  and  is  not  altered  in  air :  it  is,  after  gold  and  platinum,  the 
BDsest  of  the  metals,  the  specific  gravity  of  tungsten  being 
on  17*22  to  17.6.  When  heated  to  redness,  in  the  pulvcru- 
nt  fonn,  it  takes  fire,  burns,  and  becomes  tungstic  acid, 
a^ten  forms  two  comiK>unds  with  oxygen,  tungstic  oxide, 
^O^  and  tungstic  acid,  WO3. 

limgstic  oxide,  WO,,  1383  or  1 10.8.— l^is  oxide  is  obtained 
I  a  brown  powder  when  tungstic  acid  is  reduced  by  hydrogen 
;  a  temperature  not  exceeding  low  redness.  Tungstic  acid 
ay  also  be  deprived  of  oxygen  in  the  humid  way,  by  pouring 
fa&ted  hydrochloric  acid  over  it,  and  placing  zinc  in  the  liquor; 
m  tungstic  acid  then  gradually  changes  into  tungstic  oxide,  in 
le  £am  of  brilliant  crystalline  plates  of  a  copper-red  colour, 
o  saline  compounds  of  this  oxide  with  acids  are  known. 
fhta  digested  in  a  strong  solution  of  hydrate  of  potash,  it 
nolves,  with  the  disengagement  of  hydrogen  gas,  and  the 
nnataon  of  tungstate  of  potash. 

*  Beneliiu,  An.  de  Ch.  et  de  Fh.  t.  47>  p.  337* 
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A  compound  of  tungstdc  oxide  and  sada^  Na-h02WO^of» 
very  singular  nature,  was  discovered  by  Wohlen    It  is  obtsiiieif 
by  atldiiig  to  fused  tungstate  of  soda  as  much  tungstic  acidii 
it  will  take  up^  and  expofjing  the  mass  at  a  red  heat  to  hydrogieit 
gas*     After  dissolving  out  the  neutral  undecomposed  tung»t<tc 
by  water,  the  new  compound   remains  in  golden  ycUow  sodei 
and  regular  cubes,  possessing  the  metallic  lustre  and  a  stiiUii; 
resemblance  to  gold.     This  compound  is  not  decomposed  by 
aqua  regia,  sulphuric  or  nitric  acid,  nor  by  alkaline  solutioiiii 
but  yields  to  hydrofluoric  ackl.       It  cannot  be  prepared 
uniting  soda  directly  with  tungstic  oxide, 

Tumfstic  acidfWO^;  1483  or  118.8 — is   most  coni) 
obtained  by  decomposing  the  nati\*e  tungstate  of  limei 
pulverised,  by  hydrocliloric  acid ;  chloride  of  calcium  ii 
solved,  and  tungstic   acid  precipitates.     Dissolved  in  amma 
and  precipitated  again  by  acids,  tungstic  acid  always  forni*i| 
compound  with  the  acid  employed.     It  may  be  obtained  ii| 
separate  state  by  heating  the  tungstate  of  ammonia  to  reda 
It  is  an  orange  yellow  powder,  which  becomes  dull  green  wi 
strongly  heated.     Its  density  is  6.12.     It  is  quite  in^tolubleJ 
water  or  in  acids,  but  dissolves  in  alkaline  solutions. 

Tungstic  acid  forms  both  neutral  antl  acid    salts  with 
alkalies.     Tiie  tungstate  of  potash  is  a  very  soluble  salt,  whid 
may  be  obtained  in  small  crystals  by  the  evaporation  of  ! 
solution.     When  a  little  acid  is  added  to  the  solution^  an  ^ 
salt  precipitates,  which   is  very  slightly  soluble  in  water.    ' 
tungstate  of  soda  is  also  very  soluble,  but  may  be  obtained! 
good  crj^stalsj  which  contain  a  large  quantity  of  water  of  i 
tallizatioiu     The  acid  tungstate  of  soda  is  very  crystalli 
and  soluble  in  eight  parts  of  water.     A  combination  of  tiin| 
acid  with  tungstic  oxide,  WO3,  WO3,  is  obtained  as  a  fine  I 
powder  when  the  tungstate  of  ammonia  is  heated  to  redncsil 
a  retort,  and  is  also  produced  in  other  circumstances.    Ma 
is  disposed  to  consider  this  compound  as  a  distinct  add  > 
tungsten,  W3O5  (An.  de  Ch.  et  de  Ph.  Ix,  2/1.) 

Sulphurets  of  tungsten. — The    bisulphuret  is    prepaied 
mixing  one  part  of  tungsten  with  six  parts  of  ciimabtf»  1 
exposing  the  mixture,  covered  with  charcoal  in  a  crucible^  I 
white  heat.     The  tersulphuret  is  formed  by  dissolving  1 
acid  in  an  alkaline  sulphuret,  and  precipitating  by  wxi  moA» 
ia  of  a  liver-brown  colour,  and  becomes  nearly  bhick  00 « 
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lie  tersulphuret  of  tungsten  has  a  certain  d^ree  of  solubility 
)  water  containing  no  saline  matter,  and  is  a  strong  sulphur 
dd.  The  salt  KS,  WS3  forms  pale  red  crystals.  Two  parts 
if  this  sulphur  salt  dissolved  in  water  with  one  part  of  nitre, 
pfe  laige  and  beautiful  ruby-red  crystals  of  a  double  salt, 
KS,WS,+KO,N05- 

Bkhhride  of  tungtienf  WCl^,  is  formed  when  metallic  tung- 
sten is  heated  in  chlorine  gas.  It  condenses  in  dark  red  needles, 
vUdi  are  very  fusible  and  volatile.  This  chloride  is  decom- 
posed by  water,  and  tungstic  oxide  with  hydrochloric  acid 
Hiniied. 

Terchhride  of  iungBten^  W  CI3,  is  produced  at  the  same  time 
IS  die  last  compound,  and  also  when  the  sulphuret  of  tungsten 
ii  bested  in  chlorine  gas.  It  forms  a  sublimate  of  beautiful  red 
'Crjntals,  which  are  resolved  by  water  into  tungstic  and  hydro- 
ddoricadds.  A  chlorotungstic  acid,  or  double  compound  of 
tordiloride  of  tungsten  and  tungstic  acid,  WO^Cl,  or  WCI3  + 
SWO3,  is  prepared  by  heating  tungstic  oxide  in  chlorine  gas. 
It  condenses  in  yellow  crystalline  scales  :  when  suddenly  heated, 
it  is  resolved  into  tungstic  acid,  bichloride  of  tungsten,  and 
cklorinc.  Another  compound  is  known,  2  WCI3 + WO3  (Bonnet.) 

MOLYBDENUM. 
Eg.  598.5  or  47.96,  Mo. 

Tikis  metal  is  closely  allied  to  tungsten.  Its  native  sulphuret 
was  first  distinguished  from  plumbago  by  Scheele,  in  1778 ;  and 
a  few  years  afterwards,  molybdic  acid,  which  he  had  formed,  was 
reduced,  and  molybdenum  obtained  from  it,  by  another  Swedish 
diemist,  Hjelm.  The  name  molybdenum  is  derived  from  the 
Ghneek  term  for  plumbago. 

The  oxides  of  molybdenum  are  easily  reduced,  when  exposed 
bo  a  strong  heat  in  a  crucible  lined  with  charcoal,  but  the  metal 
itself  is  very  refiractory.  Bucholz,  who  obtained  it  in  rounded 
bnttons,  found  it  to  be  a  white  metal,  of  density  between  8.615 
ind  8.6*36.  It  is  not  acted  upon  by  hydrochloric,  hydrofluoric, 
or  diluted  sulphuric  acid;  but  is  dissolved  by  concentrated 
iolphuric  acid,  by  nitric  acid,  and  aqua  regia.  Hydrate  of 
potash  does  not  dissolve  tliis  metal  by  the  humid  way.  It 
combines  in  three  proportions  with  oxygen,  forming  molybdous 
oxidey  MoO,  molybdic  oxide,  MoO^,  and  molybdic  acid,  M0O3. 
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Molybdous  oxide^  MoO,  698.5  or  55.96.— This  oxide 
tained  by  addin|^  to  the  concentrated  solution  of  any  moly^date, 
so  much  hydrochloric  acid  as  to  redissoke  the  molybdic  acid 
which  is  at  first  thrown  down,  and  placing  zinc  in  the  liquki; 
this  becomes  first  blue,  then  reddish-brown,  and  finally  blick, 
and  contains  the  chloride  of  zinc  and  protochloride  of  roolyki 
denum.  To  separates  the  oride  of  molybdenum  from  the  oiiJi 
of  zinc,  ammonia  is  added  to  the  liquid  in  quantity  no  mm 
than  sufficient  to  precipitate  the  former,  while  the  latter  reman 
in  solution*  The  molybdous  oxide  carries  down  with  it  a  pof* 
tion  of  oxide  of  zinc,  from  which  it  may  be  freed  by  w«ihin| 
with  ammonia  ;  it  is  thus  obtained  as  a  hydrate  of  a  bbd 
colour.  The  hydrate  of  molybdous  oxide  dissoh^es  with  Jiffi* 
culty  in  acids,  forming  solutions  which  are  almost  bliurlc  and 
opaque,  and  which  do  not  yield  crystallizable  salts.  It  is  i 
dissolved  by  potash,  nor  by  the  fixed  alkaline  carbonates  j 
on  the  contrary,  is  soluble  in  carbonate  of  ammoniut 
freshly  precipitated.  Molybdous  oxide  resista^  after 
the  action  of  all  acids* 

Molybdic  oxide,  MoO^  ;  798,5  or  63/J6.— This  oxide  mar  1 
obtained  by  igniting  molybdate  of  ammonia  in  a  covered  cr 
ble^  but  mixed  with  a  little  molybdic  acid.  It  is  better 
cured  by  igrdting  rapidly,  in  a  covered  crucible,  a  tniJi 
anhydrous  molybdate  of  soda  (which  may  contain  an  ex 
soda)  with  sal  ammoniac.  Water  poured  upon  the  fused  i 
dissolves  common  salt,  and  leaves  a  brown  powder  almfl 
black.  But  molybdic  oxide  prepared  in  this  way  is  insoluble  in 
acids*  The  bydrated  oxide  may  be  obtained  in  various  wayii 
one  of  which  consists  in  digesting  molybdic  acid  with  hydio* 
chloric  acid  and  copper^  till  all  the  molybdic  acid  ut  cfinohrvi 
From  the  solution^  which  is  of  a  deep  red  colour,  molybdic  oiyetf 
precipitated  in  appearance  exactly  similar  to  tlie  bydrmled  per- 
oxide of  iron,  by  ammonia,  added  in  sufficient  exoesa  to  retoin 
all  the  oxide  of  copper  in  solution.  The  hydrate  has  a  ceitain 
degree  of  solubiUty  in  pure  water,  and  should,  thercfbrt ,  ^ 
washed  with  a  solution  of  sal  ammoniac,  and  lastly  by  nl 
This  hydrate  reddens  litmus  paper,  bat  possesKS  no 
jierty  of  an  acid*  It  is  not  dissolved  by  the  hydrateii  ^i^n 
but  is  soluble  in  their  carbonates,  like  several  earths  and  i 
oxides.  It  dissolves  in  acids  and  forms  salts,  wiuch  MXttti 
when  they  contain  water  of  cry  stall  ii&ation,  and  black  when  wm* 
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ydroiu.    The  oxalate  of  molybdic  oxide  can  be  obtained  in 
rystals  by  spontaneous  evaporation. 

Molybdic  acid,  MoO,;  8^8.5  or  71.96.— The  native  sulphuret 
oFniolybdeniiiii,  in  fine  powder,  is  roasted  in  an  open  crucible, 
litfa  constant  stirring,  at  a  heat  not  exceeding  low  redness,  so 
long  88  sulphurous  acid  comes  off.  It  leaves  a  dull  yellow 
powder^  which  is  impure  molybdic  acid.  Tliis  is  dissolved  in 
smmonia,  and  the  molylidate  of  ammonia  purified  by  evapora- 
tion, during  which  some  foreign  matters  are  deposited,  and 
crystallized.  The  crystallized  salt,  exposed  to  a  moderate  heat, 
■0  u  to  avoid  fusion,  loses  its  ammonia,  and  leaves  molybdic 
add  in  a  state  of  purity.  The  acid  thus  prepared  is  a  white  and 
%kt  porous  mass,  which  may  be  diffused  in  water,  and  divides 
iato  little  crystalline  scales  of  a  silky  lustre.  It  fuses  at  a  red 
kity  and  forms  on  cooling  a  straw*  coloured  crystalline  mass,  of 
iriuchthe  density  is  3.49.  This  acid  forms  no  hydrate.  It 
mpdres  570  times  its  weight  of  water  to  dissolve  it.  Before 
bdag  ignited,  it  is  soluble  in  acids,  and  forms  a  class  of  com- 
poB&ds,  in  which  it  appears  to  play  the  part  of  base,  but  of 
lAieh  not  much  is  known.  When  boiled  with  bitartrate  of 
pottth,  molybdic  acid  dissolves,  even  after  being  fused  by  heat. 
When  a  solution  of  bichloride  of  molybdenum  is  poured  into 
SMdation  saturated,  or  nearly  so,  of  molybdatc  of  ammonia,  a 
Une  precipitate  falls,  which  is  a  molyhdate  of  molybdic  oxide^ 
M0|,  2M03.  This  compound  is  likewise  readily  formed  in  a 
viritfty  of  other  circumstances.*  The  salts  of  molybdic  acid  are 
oolouiless,  when  their  base  is  not  coloured.  When  they  are 
trated  with  other  acids,  molybdic  acid  precipitates,  which  dis- 
Mlvts,  however,  in  an  excess  of  the  acid,  except  in  nitric  acid. 
It  forms  both  neutral  and  acid  salts  with  the  alkalies.  Molyb- 
^t  of  potash  is  formed  by  dissolving  molybdic  acid  in  car- 
iNxoate  of  potash ;  it  is  easily  soluble  in  water  and  crystallizable. 
^^bdaie  qf  $oda  has  the  same  form,  and  resembles  in  proper- 
wi  the  tungstate  of  soda.  Biniolybdate  of  soda  crystallizes  in 
Ivge  fine  crystals,  which  effloresce  in  air.  Molyhdate  of  magnesia 
tt  soluble  in  twelve  or  fifteen  times  its  wciglit  of  water,  and 
niay  be  crystallized.  Molybdate  of  lead  occurs  finely  crystallized 

*  It  will  be  observed,  that  the  atom  of  this  com|)ound  contains  three  atoms 
of  AMtely  so  also  does  the  remarkable  combination  oftungstic  oxide  and  soda, 
(fage  618)  s  both  thus  containing  a  sali-molecale  of  metal,  like  the  compound 
oaidc  of  iroa,  which  appears  to  be  a  condition  of  stability. 
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as  a  mineraL  Chromate  of  lead  is  dimorpbousy  and  concipoBdi 
in  the  least  usual  of  its  forms  with  molybdate  of  lead :  Imdbb 
molybdenum  is  connected  with  the  magaesian  metalit  aad 
tungsten  also  with  the  same  class,  from  the  iaomorphiam  of  Ab 
tungstates  and  molybdates. 

Sulphurets  of  tnolybdenum. — ^The  bisulphurei  is  the  ore  bam 
which  the  compounds  of  this  metal  are  derived.  It  oociifiiB 
many  parts  of  Sweden,  and  might  be  procured  in  quanti^if 
any  useful  application  of  the  metal  were  discoyered.  It  irt 
lead-grey  mineral,  having  the  metallic  lustre,  composed  of  fleokb 
lamin®,  soft  to  the  touch,  and  making  a  streak  upon  paper^  Hb 
plumbago.  Nitric  acid  oxidates  it  easily,  without  dissolving  it 
Its  density  is  from  4.138  to  4.569.  A  tersulphurei  of  motgUi 
num  is  obtained  in  the  same  way  as  the  corresponding  tarn- 
pound  of  tungsten,  and  affords  crystallizaUe  sulphur  sriH^ 
which  are  red.  The  sulphomolybdate  of  sulphuret  of  potaaww 
combines  likewise  with  nitrate  of  potash.  When  a  solutianaf 
the  former  salt  is  boiled  with  tersulphuret  of  molybdenim  i» 
excess,  the  latter  is  converted  into  bisulphuret  of  molybdenaib 
and  a  quadrisulphuret  of  molybdenum  dissolves  in  combinatia 
with  the  sulphuret  of  potassium.  The  quadrisulphuret  may  be 
precipitated  by  hydrochloric  acid,  and  when  dried  is  a  cinnamon 
brown  powder. 

Chlorides  of  molybdenum. — A  protochloride  is  formed  wha 
molybdous  oxide  is  dissolved  in  hydrochloric  acid ;  the  bkUy 
ride  when  molybdenum  is  heated  in  dry  chlorine  gas,  as  a  dait 
red  gas,  which  condenses  in  cr^^stals,  like  those  of  iodine.    It 
forms  a  crystallizable   double  salt  vdxh  sal  ammoniac.     Hie 
chloromolybdic  acid^  or  compound  of  terchloride  of  molybdenui 
and  molybdic  acid,  M0O2CI  or  M0CI34-2M0O3,  is  formed  wiA 
molybdic  acid,  when  molybdic  oxide  is  exposed  to  chlorine  /pti 
at  a  red  heat.     It  sublimes  under  a  red  heat,  and  condenaa 
in  crystalline  scales,  which  are  white  with  a  shade  of  yellow. 

SECTION    VI. 
TELLURIUM. 

E(j.  801.8  or  64.25;  Tc. 

Tellurium  is  a  metal  of  rare  occurrence,  and  appeared  at  on^ 
time  to  be  almost  confined  to  certain  gold  mines  in  Tnnsji* 
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as  ;  Init  it  has  been  found  lately,  in  considerable  abundance, 
Behemnitiy  in  Hungary,  combined  with  bismuth ;  and  in  the 
ner  nine  of  Sadovinski  in  the  Altai,  united  with  silver  and 
h  lead.     It  was  first  described  as  a  new  metal  by  Klaproth, 

0  gave  it  the  name  tellurium,  from  tettui,  the  earth.  Tellu- 
■lis  separated  from  the  foreign  bodies  with  which  it  is  mixed 

1  eomUned  in  its  ores,  by  processes  of  a  very  complicated 
«e.  (Berselius,  Traits,  I.  344.) 

[n  a  state  of  purity,  tellurium  is  silver-white  and  very  bril- 
it.  It  is  very  crystallizable,  assuming  a  rhombohedral  form, 
wbich  it  is  isomorphous  with  arsenic  and  antimony.  It  is 
ttle,  and  an  indifferent  conductor  of  heat  and  electricity  for  a 
nL  Its  density  is  from  6.2324  to  6.2578,  according  to 
ssdfins.  Tellurium  is  about  as  fusible  as  antimony;  at  a 
(her  temperature  it  may  be  distilled.  It  bums  in  air,  at  a 
^  temperature,  with  a  lively  blue  flame,  green  at  the  borders, 
i  diAises  a  dense  white  smoke,  which  generally  has  the  odour 
decaying  horse-radish,  from  the  presence  of  a  little  selenium. 
Dnrium  belongs  to  the  sulphur  class  of  elements.  Like  sele- 
im  and  sulphur,  it  dissolves  to  a  small  extent  in  concentrated 
Iphnric  acid,  and  communicates  to  it  a  fine  purple  red  colour. 
dna  solution,  the  metal  is  not  oxidated,  for  it  is  precipitated 
lin,  in  the  metallic  state,  by  water.  This  metal  has  also 
amderable  analogy  with  antimony,  and  may  probably  connect 
gedier  the  sulphur  and  phosphorus  families.  Tellurium  com- 
M8  in  two  proportions  with  oxygen,  forming  tellurous  acid, 
sO,,  and  telluric  acid,  TeO,. 

TeBurauf  acid^  TeO,;  1001.8  or  80.25.— This  acid  differs 
nirkably  in  properties  according  as  it  is  anhydrous  or  hydrated, 
taung  two  isomeric  modifications  of  the  same  acid,  of  which 
hatnhydrous  acid  has  been  named  alphatellurous  acid,  and  the 
tydmted  betatellurous,  by  Berzelius,  to  whom  we  are  indebted 
nrneirly  all  our  accurate  knowledge  of  the  acids  of  tellurium. 
But  a  sufiicient  distinction  will  be  made  between  these  bodies 
7  retaining  one  of  these  terms,  alphatellurous,  as  applied 
^  the  anhydrous  acid,  and  confining  the  term  tellurous  acid  to 
*•  hydrated  acid.  The  proper  tellurous  acid  then  is  obtained 
'7  precipitating  the  bichloride  of  tellurium  by  cold  water ;  or 
^  fitting  anhydrous  tellurous  acid  with  an  equal  weight  of  car- 
''^^We  of  potash,  so  long  as  carbonic  acid  is  disengaged,  dis- 
"^^1^  the  tellurite  of  potash  in  water,  and  adding  nitric  acid 

a  a 
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to  it,  till  the  liquor  distinctly  reddens  litmus  paper.  A  wfailn 
and  bulky  precipitate  is  produced,  which  is  washed  with  tce-coli| 
water,  and  afterwards  dried  without  artificial  heat*  Tenariurti 
likewise  dissolves  with  violence  in  pure  nitric  acid  of  denittr 
1.25,  and  if  after  the  first  five  minutes,  the  clear  liquid  be  poami 
into  water,  tellurous  acid  is  precipitated  in  white  flocks.  Bai  if 
not  immediately  precipitated,  the  nitric  acid  solution  uridergo^i^ 
a  change- 

The  hydrated  acid  obtained  by  these  processes  forms  a  ligfa^ 
white,  earthy  mass,  of  a  bitter  and  metallic  taste*     It  instant] 
reddens  litmus  paper,  and  w^hile  still  humid,  dissolves  to  a  aeu* 
sible  extent  in  water.     It  is  very  soluble  in  acids,  and  tlicie 
solutions  are  not  subject  to  change,  except  that  in  nitric  icid 
Ammonia  and  the  alkaline  carbonates  also  dissolve  it  easi| 
latter  becoming  bicarbonat«s.     It  is  this  tellurous  acid 
plays  the  part  of  acid  in  the  tellurites,  and  also  that  of  b&se  i 
some  compoundK  which   the  tellurous,  like  vanadic,  tun;^ 
and  molybdic  acids,  forms  with  the  stronger  acid--^*     'Hie  U\\i 
rites  of  potash  and  soda,  which  are  neutral  in  composition,  J 
very  soluble,  and  have  a  strong  alkaline  reaction ;  their  sola^ 
tions  are  decomposed  by  the  carbonic  acid  of  the  air. 

Aiphatellurous  acid. — ^When  the  solution  of  tellurous  b6A\ 
water  is  heated  to  IO40,  it  deposits  alphatellurous  acid  in  ^in 
and  loses  its  acid  reaction.  The  same  change  occurs  when  ill 
attempted  to  dry  the  hydrated  tellurous  acid  by  heat.  It 
with  combined  water,  and  becomes  granular.  The  solutioQl 
tellurous  acid  in  nitric  acid  changes  spontaneously  in  a 
hours,  and  in  a  quarter  of  an  hour  w*hen  heat  is  applied  to  i 
and  allows  the  alphatellurous  acid  to  precipitate.  Wheal 
deposition  of  the  acid  is  slow,  it  forms  a  crystalline  mass  of  tt 
grains^  among  which  octohedral  crystals  may  be  perceived  bf 
the  microscope.  The  acid  is  then  anhydrous.  Alphatelloroo* 
acid  does  not  redden  Htmus,  or  not  till  after  a  time.  It  is  bo* 
xevy  slightly  soluble  in  water ;  the  solution  has  no  acid  rcaiction* 
No  salts  of  alphatellurous  have  been  formed  in  the  hurnid 
way,  although  from  its  analogy  to  a  corresponding  telluric  io4 . 
it  is  probable  that  such  salts  may  exist.  At  a  low  red  bcitt| 
fuses  into  a  clear  transparent  liquid  of  a  deep  "  aM 
which  on  cooling  becomes  a  white  and  highly  cr  > 
easily  detached  from  a  crucible,  Tellurous  add  is  volilfc 
although  less  so  than  the  metal  itself. 
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BHeHufiie  of  potash y  KO^TejO^,  is  obtained  by  fusing  two 
atoms  of  tellurous  acid  with  one  atom  of  carbonate  of  potash* 
It  appears  to  be  capable  of  existing  in  a  hot  solution,  and  of  J 
crystallizing  in  certain  circumstances  ;  but  it  is  decomposed  by 
cold  water,  which  resolves  it  into  the  neutral  salt,  which  dis 
solves,  and  a  quadriiellurUe  of  potash,  KO,  Te^  Og  -f  4HO.  The 
litter  salt  cannot  be  redissolved  again  in  watefy  without  decom- 
position.   In  losing  its  water  when  heated,  it  swells  up  like  borax. 

TeOunc  acid,  TeOg  ;  11 01, 8  or  88.25.— This  acid  is  obtained 
in  cotnbination  with  potash,  on  fusing  tellurous  acid  with  nitre. 
It  mar  then  be  transferred  to  barytes,  and  the  insoluble  tellu- 
TSte  of  barytes  decomposed  by  sulphuric  acid.  The  solution  of 
tellaric  acid  gives  bulky  hexagonal  prismatic  crystals.  Its 
taste  is  not  acid,  but  metallic,  resembling  that  of  nitrate  of 
|aher.  Indeed,  it  appears  to  be  a  feeble  acid,  reddening  litmus 
ptper,  although  with  difficulty,  when  the  solution  is  diluted. 
The  crystallized  acid  contains  3HO,  of  wliieh  it  loses  2HO  by 
efflorescence,  a  httle  above  212**.  It  thereafter  appears  insoluble 
in  cold  water,  but  may  be  redissolved  completely  by  long  diges- 
tion, particularly  with  ebullition,  and  is  not  permanently  altered. 
Telluric  affects  the  same  multiples  in  its  salts  as  tellurous  acid 
The  neutral  tellurate  of  potash  is  KO,  TeO^  +  SHO,  biieUural 
of  potash^  KO/rCj  06  +  4110,  qnudrUdlurate  of  pafmki^ 
KOjTe^Oj^-h  *HO.  All  these  salts  may  be  obtained  directly, 
in  the  humid  way,  by  dissolving  the  proper  proportions  of 
hydrated  acid  and  carbonate  of  potash  together,  in  hot  water, 
A  portion  of  the  combined  water,  in  the  last  two  salts,  is  un- 
questionably basic,  but  how  much  of  it  is  so  has  not  been  deter- 
mined. They  cannot  be  made  anhydrous  by  heat  without  being 
essentially  altered  in  properties. 

Alphaielluric  acid. — The  crystals  of   hydrated   telluric  acid 

loie  all  their  water  at  a  heat  under  redness,  and  become  a  mass 

I  rf  a  fine  orange  yellow  colour,  without  changing  their  form* 

This  yellow  matter,  which  is  distinguished  as  alphatelluric  acid 

ny  Berzelius,  is    remarkable  for  its   indifference   to   chemical 

ilaigents,  being  completjely  insoluble  in  cold  or  boiling  water,  tn 

[  hot  hydrochloric  and  nitric  acids,  and  in  potash  ley.     At  a  high 

,  teperature  it  is  decomposed,  losing  oxygen,  and  leaving  tellu- 

I  PiHtt  ncid  white  and  pulverulent.     The  salts  of  telluric  acid  are 

»W>  converted  into  tellurites,  at  a  red  heat,  by  the  loss   uf 

a  s  2 
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The  neutral  tellurate  of  potash  undergoes  no  change  in  con- 
stitution under  the  influence  of  heat,  resembling  in  that  respect 
those  tribasic  phosphates^  of  which  the  whole  three  atoms  of 
base  are  fixed.  The  bitellurate  of  potash  loses  its  water  and 
becomes  yellow  at  a  temperature  under  redness,  and  is  changed 
into  a  quadritellurate,  which  is  insoluble  alike  in  water  and 
dilute  acids.  Water  dissolves  out  neutral  tellurate  from  tbe 
yellow  mass.  The  insoluble  salt  is  named  the  alphaquadritdluiaie 
of  potash,  by  Berzelius.  The  elements  of  this  compound  m 
united  by  a  powerful  affinity.  It  is  formed  when  hydrated 
telluric  acid  is  mixed  intimatdy  with  another  potash  salt,  sndi 
as  nitre  or  chloride  of  potassium,  and  the  mixture  calcined  at  a 
temperature  which  should  be  much  inferior  to  a  red  heat;  abo 
when  tellurous  acid  is  ignited  with  chlorate  of  potash,  and  in  odier 
circumstances.  Hydrate  of  potash  dissolves  the  alphaquafc 
tellurate  by  fusion,  and  nitric  add  by  a  long  continued  eboIE- 
tion ;  but  in  both  cases  the  acid  is  found  as  ordinary  teDnrie 
add  in  solution. 

Telluretted  hydrogen,  TeH,  is  a  gaseous  compound  of  teDnrinm 
and  hydrogen,  analogous  in  constitution  and  properties  to  sd- 
phuretted  hydrogen.  It  is  obtained  by  fusing  teUurium  witb 
zinc  or  with  tin,  and  acting  on  the  mixture  by  hydrochloric 
add. 

Definite  sulphurets  of  teUurium  have  been  obtained,  conei- 
ponding  with  tellurous  and  telluric  acids.  They  are  sulphur 
acids. 

Two  chlorides  of  tellurium  have  been  formed,  a  protochloride, 
Te  CI,  to  which  there  is  no  corresponding  oxide,  and  a  bidJo- 
ride,  Te  Cl^.  No  higher  chloride,  corresponding  with  teUmic 
acid,  has  been  obtained. 
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ORDER   VI. 

METALS  ISOMORPHOUS  WITH  PHOSPHORUS. 

SECTION    I. 
ARSENIC. 

Bg.  940.1  or  7534  (470.04  or  37.67,  Berzelius  and  Titmer),  As. 

This  metal  is  found  native^  but  more  generally  in  combination 
with  other  metab,  particularly  cobalt  and  nickel,  and  is  largely 
condensed,  during  the  roasting  of  their  ores,  in  the  state  of 
anenious  add.  The  metal  may  be  easily  obtained,  in  a  state  of 
purity,  by  subliming  a  portion  of  native  arsenic  in  a  glass  tube 
or  retort,  by  the  heat  of  a  lamp,  or  by  reducing  a  mixture  of 
one  part  of  arsenious  add  and  three  parts  of  black  flux,  in  the 
same  apparatus.  The  metal  forms  a  crust,  in  condensing,  of  a 
steel-grey  colour  and  bright  metallic  lustre.  It  has  been  ob- 
■erved  to  crystallize  by  sublimation  in  rhombohedral  crystals, 
and  is  isomorphous  with  tellurium  and  antimony.  It  is  a  brittle 
metal,  and  very  easily  pulverised.  The  density  of  arsenic  is 
from  5-7  to  5.96.  It  rises  in  vapour  at  356^  (180°  Cent.)  with- 
out first  undergoing  fusion.  Arsenic  vapour  is  colourless  ;  its 
density  is  10,370;  and,  like  phosphorus  and  oxygen,  its  com- 
bining measure  is  one  volume.  It  has  as  strong  an  effect  upon 
the  oigan  of  smell  as  selenium :  its  odour  resembles  that  of 
garlic  Arsenic  combines  in  three  proportions  with  oxygen, 
forming  a  grey  suboxide  by  spontaneous  oxidation  in  air,  of 
which  the  composition  is  undetermined,  with  arsenious  and 
arsenic  adds.  As  O3  and  As  O5. 

Araeftious  acidy  AsO^;  1240.1  or  99.34. — ^This  compound  is 
also  known  as  white  oxide  of  arsenic,  and  is  an  abundant  mer- 
cantile product.  It  is  in  vitreous  masses,  as  obtained  by 
iublimation,  which  immediately  after  sublimation  are  transparent 
and  colourless,  or  have  a  delicate  shade  of  yellow,  but  gradually 
become  white  and  opaque,  (page  153.)  The  density  of  the 
vitreous  add  is  3.7385,  of  the  opaque  acid,  3.699.  Arsenious 
add  sublimes  at  380%  without  softening  or  fusing,  forming  a 
vapour  which  is  colourless  and  without  odour.    The  density  of 
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this  vapour  is  abt>iit  13,000  (Mitscherlicli) ;  one  Tolame 
arsenious  acid  vapour,  or  the  combining  measure,  cont 
accurdiiigly,  one  volume  of  arsenic  vapour  and  three  vc 
of  oxygen  gas.  When  slowly  sublimed  in  a  glass  tube, 
always  obtained  in  distinct  transparent  crystals  of  adamantul 
lu!*tre,  which  are  regular  octohedrons.  But  arsenious  acidil 
dimorphous,  and  occurs  sometimes^  in  the  roasting  of  arseoicJ 
ores,  in  thin,  flexible  prisms,  of  a  pearly  lustre^  of  which  tic 
form  does  not  belong  to  the  regular  system,  (Wohler*)  Ane^ 
luous  acid  dissolves  very  slowly  in  water,  and  the  prismai 
crystals  in  particular  require  to  be  heated  with  it  for  a 
time.  A  concentrated  solution  prepared  in  this  way  may 
wards  be  cooled  without  arsenious  acid  immediately  crystaUifinj 
from  it.  One  hundred  parts  of  boihng  water  dissolve  9.68  fmrti 
of  the  \itreous  acid,  and  11,47  parts  of  the  opaque  acid  ;  lad 
when  the  solutions  cool  to  60**,  l./S  parts  remain  in  the 
and  2.9  parts  in  the  latter ;  the  first  reddens  Htmus  paper, 
second  makes  it  blue,  although  feebly,  if  already  red 
the  vitreous  acid  in  powder,  is  covered  with  ammonia,  it 
a  little  ;  no  combination  of  the  acid  with  ammonia  takes  pi 
for  the  latter  may  be  completely  removed  by  water,  but 
washed  powder  is  found  to  have  passed  into  the  condition 
the  opaque  acid.  For  these  curious  tacts  we  are  indebted 
M.  Guibourt*  The  taste  of  powdered  arsenious  acid  is  searceifj 
perceptible,  but  it  is  slightly  sweety  and  leaves  n  feeling 
acridity  in  the  mouth, 

Arsenious  acid  dissolves  in  the  solutions  of  many  acids^  JJa^ 
ticularly  liydrochloric  acid,  to  a  greater  extent  than  iti  wal 
but  without  combining  with  these  acids.     It  is  dissolved,  ho 
ever,  by  the  hi  tartrate  of  potash,  with  the  formation  of  a 
tjdlizable  salt,  analogous  to  the  potash- tartrate  of   antimun] 
Arsenious  acid  is  dissolved  by  potash,  soda,  and  ammonia ; 
the  salts  which  it  forms  with  these  bases  do  not  crystallize, 
is  also  dissolved  by  alkaline  carbonates,  but  is  sometimes  dc] 
sited  from  these  solutions  in  a  free  state;  so  that  it  is  daub 
whether  arsenious  acid  displaces  carbonic  acid  in  the  humid  wt}* 
The  arsenites  of  the  earths  and  metallic  oxides  are  insoluble  JH 
water,  but  soluble  in  acids  ;  these  precipitated  arsenites  usttS^H 
carry  down  an  excess  of  arsenious  acid,  and  are  not  easily  oW 
tained  in  a  definite  state. 


jirsenic  acid,  AsO,,  H 4 0.1  or  115.34*— This  add  is*o1 
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Y  heating  powdered  arsenious  acid  in  a  bason,  with  an  equal 
uantity  of  water,  and  adding  to  the  mixture  at  the  boiling  point 
itric  add  in  small  quantities,  so  long  as  ruddy  fumes  escape. 
oi  addition  of  hydrochloric  acid  to  the  water  is  generally  made, 
0  increase  the  solubility  of  the  arsenious  acid,  but  it  is  not  ab- 
(^utely  necessary.  The  solution  of  arsenic  acid  is  then  eva- 
Kirated  to  dryness,  to  expel  the  remaining  nitric  and  hydro- 
Uoric  acids,  but  the  dry  mass  is  not  heated  above  the  melt- 
ing point  of  lead,  otherwise  oxygen  gas  is  emitted  and  arsenious 
idd  reproduced.  Arsenic  acid,  thus  obtained,  is  milk-white. 
Hid  contains  no  water.  Exposed  to  air,  it  slowly  deliquesces, 
nd  runs  into  a  liquid.  But  notwithstanding  this,  when 
ilnmgly  dried*  it  does  not  dissolve  completely  in  water  at 
enee,  and  a  portion  of  it  appears  to  be  insoluble ;  but  the 
yiii^  is  dissolved  by  continued  digestion.  Arsenic  acid,  in 
ibiorbing  moisture  firom  the  air,  sometimes  forms  hydrated 
crystals,  which  are  highly  deliquescent ;  but  this  acid  is  easily 
Bade  anhydrous,  and  does  not  retain  basic  water  with  force, 
10m  phosphoric  acid.  Its  solution  has  a  sour  taste,  and  red- 
dens vegetable  blues.  Arsenic  acid,  indeed,  is  a  strong  acid, 
ttd  expels,  with  the  aid  of  heat,  all  the  volatile  acids  firom 
their  combinations.  Arsenic  acid  undergoes  fusion  at  a  red 
1^  and  is  completely  dissipated  in  arsenious  acid  and  oxy- 
pn  at  a  higher  temperature. 

When  an  equivalent  of  arsenic  acid  is  ignited  with  an  excess 
of  carbonate  of  soda,  three  equivalents  of  carbonic  add  are 
expelled,  and  a  tribasic  arseniate  of  soda  formed,  which  crystal- 
lites, when  dissolved  in  water,  with  24  equivalents  of  water, 
fanning  the  salt  3NaO,  ASO5+24HO,  isomorphous  with  the 
Xibphosphate  of  soda.  The  same  salt  is  obtained  by  treating 
VieDieacid  in  solution,  with  an  excess  of  caustic  soda.  When 
Cttbonate  of  soda  is  added  to  a  hot  solution  of  arsenic  acid,  so 
lo&g  as  there  is  effervescence,  a  salt  is  obtained  by  evaporation, 
Qontsponding  with  the  common  phosphate  of  soda,  containing 
^eq.  oif  soda  and  1  eq.  of  water  as  bases.  This  salt  affects  the 
"Une  two  multiples,  in  its  water  uf  crystallization,  as  phosphate 
^  aoda,  namely  24HO  and  14HO,  but  must  frequently  as- 
*<ttnes  the  smaller  proportion,  forming  the  salt  2NaO,  HO, 
Ai0|+14HO.  This  arseniate  is  more  soluble  than  the  phos- 
Pl^  and  slightly  deliquescent  in  damp  air.  When  to  the  last 
idtaquantity  of  arsenic  add  is  added,  equal  to  what  it  already 
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contains,  and  the  solution  is  highly  conceDtrttedy  the  idt 
named  binarseniate  of  soda  crystallizes  at  a  low  tempcraturt* 
Tills  salt  contains  1  eq.  of  soda^  and  2  eq,  of  water  aa  tasn, 
witli  2  eq*  of  water  of  crytitaUization,  and  corresponda  «-illi 
biphosphate  of  ftoda.  Its  formula  is  NaO,  2HO^  AsO^+il 
The  binarseniate  of  potash,  which  is  analogous  in  compOBitia 
is  a  highly  cry  stall  izable  salt.  It  is  sometimes  prepared  byi 
flagrating  arsenious  acid,  with  an  equal  weight  of  nitrate  •! 
potash.  These  arseni ate s  of  the  alkahes,  which  contain 
as  base^  all  lose  that  element  at  a  red  heatj  but  unlike  tlie 
phates  they  recover  it,  when  again  dissolved  in  wat-er.  Araeo 
acid,  therefore,  forms  only  one,  and  that  a  tribasic  class 
salts.  The  arseniates  of  earths  and  other  metallic  O3odes  i 
insoluble  in  water,  but  soluble  in  acids*  The  arseniate  of  sil^ 
(3AgOj  As Og)  falls  as  a  precipitate,  of  a  chocolate  brown  cotoil 
when  nitrate  of  silver  is  added  to  the  solution  of  an  araea 
and  affords  an  indication  of  the  presence  of  arsenic  acid* 

SuJphnrets  of  arsenic, — When  the  following  sulphufiet, 
gar,  is  digested  in  caustic  potash,  it  loses  sulphur  and  leafetl 
brownish  black  powder,  having  some  resemblance  to  peroxidef 
lead,  which  is  the  sulphuret  SAs^,  according  to  BerscliB 
Bisulphnret  of'  arsetiie,  As  Sj,  is  obtained  by  fusing  sulph 
with  an  excess  of  arsenic  or  arsenious  acid.  It  is  ^imsp 
and  of  a  fine  ruby  ct>tour  after  coaling,  and  may  be  dii 
witliout  decomposition.  It  forms  the  crystalline  mineral  i 
Sulphai'Renious  acid  or  orjnment^  AsS^,  also  occurs  native. 
may  l)e  prepared  by  decomposing  a  solution  of  arsenious  add  i» 
hydrochloric  acid,  by  sulphuretted  hydrogen,  or  by  an  alkalim 
sulphuret.  This  sulphuret  has  a  rich  yellow  colour>  and  i$  I 
Ijasis  of  the  pigment  king's  yellow.  It  is  insoluble  in 
but  is  soluble  to  a  small  extent  in  water,  containing  sn 
retted  hydrogen,  and  also  in  pure  water,  but  is  precipitated  if 
ebullition  witli  a  little  liydrochloric  acid*  When  heated  it  fijtei 
readily,  and  becomes  crystalline  on  cooling.  It  ia  readily  dis- 
solved by  ammonia  and  solutions  of  the  fixed  alkalies,  aadii 
indeed  a  powerful  sulphur  acid,  Sulpharsenic  octd^  As  8^  fiJk 
as  a  yellow  precipitate,  having  very  much  the  appearance  d 
orpiment,  when  a  solution  of  arsernc  acid,  somewhat  ooncea- 
trated,  is  decomposed  by  sulphuretted  hydrogen*  It  roayl* 
arublimed  without  cliange ;  and  gives  a  mass  after  eoolif^,  wbiA 
ia  not  crystalline. 
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CUmifef  tf  wmmc-^K  terchloride,  As  Cl^i  corresponding 
ith  anenioos  add,  is  formed  when  arsenic  is  introduced  into 
ilorine  gas,  in  which  it  takes  fire  and  bums  spontaneously, 
lie  •same  compound  is  obtained  by  distilling  a  mixture  of  1  part 
faraenic,  with  6  parts  of  corrosive  sublimate,  as  a  colourless, 
dj^  and  very  dense  liquid.  It  is  resolved  by  water  into  arse- 
aooa  and  hydrochloric  adds.  A  lower  chloride  of  arsenic  ap- 
flhra  to  be  formed  when  a  mixture  of  arsenic  and  calomel  is 
Bilfllad ;  it  is  obtained  as  a  dark  brown  sublimate,  mixt  with 
alomeL  No  chloride  corresponding  with  arsenic  add  is  known. 
nm  bromide  of  arsemcy  As  Bx^  is  formed  by  the  direct  com- 
of  its  elements.  The  iodide  of  anenic,  As  I^  is 
1^-aocording  to  Plisson,  by  digesting  3  parts  of  arsenic 
wVh  10  of  iodine,  and  100  of  water,  so  long  as  the  odour  of 
od^  is  perceived.  The  Uquid  yields  by  evaporation  red 
irfstals  of  the  iodide.  The  fluoride  qf  arsenic  is  obtained  by  the 
IktiUation  of  a  mixture  of  fluor  spar  and  arsenious  add  with 
ndphuric  add.  It  is  a  fuming  colourless  liquid ;  the  density  of 
ti  vapour  is  2730  (Unverdorben). 

'Arweme  and  hydroffen.^^A  solid  arseniuret  of  hydrogen  was 
1,  by  Davy,  by  using  metallic  arsenic  as  the  negative 
(the  chloroid),  in  decomposing  water.  6ay-Lussac  and 
Aenard  have  also  shewn  that  the  same  compound  predpitates, 
lilwn  arseniuret  of  potassium  is  dissolved  in  water.  It  is  a 
teatnot  brown  powder,  which  may  be  dried  without  change, 
[la  composition  is  not  certainly  determined.  Arsenietted  hy^ 
trtkffenj  As  H3,  a  gas  analogous  in  constitution  to  ammonia,  is 
jbtained  by  dissolving  an  alloy  of  equal  parts  of  zinc  and  arsenic 
ifaulphuric  add,  diluted  with  three  times  its  weight  of  water, 
[t  ia  a  dangerous  poison,  when  inhaled  even  in  the  most  minute 
gaantity,  and  should,  therefore,  be  prepared  with  the  greatest 
ariRttion.  The  density  of  this  gas  is  2695,  according  to  M. 
DlHiiaa.  It  is  liquefied  by  a  cold  of  —40°.  When  passed 
Ikroiigb  a  glass  tube,  heated  to  redness  by  a  spirit  lamp,  this 
gairi  ia  decomposed  and  deposits  metaUic  arsenic.  The  flame  of 
lUagas,  when  burned  in  air,  also  deposits  metaUic  arsenic  upon 
i'cold  object  exposed  to  it.  No  combination  of  arsenietted 
hydrogen  is  known  with  either  adds  or  bases.  It  predpitates 
Bttnj  of  the  metallic  solutions,  which  are  predpitated  by  sul* 
{flmiretted  hydrogen,  but  not  oxide  of  lead ;  its  hydrogen  alone 
being  oxidi^ted  by  tlie  common  metallic  02ddes^  and  the  arsenic 
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precipitating  in  combination  with  the  metal.  This  gas,  ffhea 
pure^  is  completely  absorbed  by  a  solution  of  sulphate  of  cop- 
per, and  As  Cuj  precipitated. 

TESTING   FOR  ARSBNIC. 

Poisoning  from  arsenious  acid  is  greatly  more  frequent  das 
from  any  other  substance.  Hence,  a  more  than  usual  degree  0^ 
importance  is  attached  to  the  modes  of  detecting  the  presence flf 
arsenic  in  minute  quantity.  Of  the  different  preparations  of  At 
metal,  arsenic  acid,  and  after  it  arsenious  acid^  are  the  mopC 
poisonous;  the  salts  and  sulphurets  are  so  to  a  much  lea 
degree.  Arsenious  acid  in  the  solid  form  and  umnixed  wiA 
foreign  matters,  is  easily  recognised  as  a  white  heavy  powdOf  ^ 
which  is  tasteless  or  nearly  so,  is  entirely  volatile  by  heat^  an' 
diffuses  a  garlic  odour  in  the  reducing  flame  of  a  lamp.  Whs 
in  solution  in  water,  arsenious  acid  may  be  detected  by  flnl 
tests,  of  which  the  three  following  are  the  most  important 

1 .  Sulphuretted  hydrogen  gas,  made  to  a  stream  through  i 
solution  of  arsenious  acid,  produces  a  precipitate  of  orpimcd^ 
or  a  golden  yellow  solution  if  the  quantity  of  arsenic  be  vtsj 
small.  In  this  experiment,  the  liquid  should  always  be  slighdf 
acidulated  with  hydrochloric  or  nitric  acid,  and  also  be  boiled^ 
afterwards,  to  complete  the  precipitation  of  the  sulphuret. 

2.  Amtnofiio-nitrate  of  silver,  is  an  exceedingly  delicate  teit 
of  arsenious  acid,  whether  free,  or  in  combination  with  an  alkii. 
This  reagent  is  prepared  by  adding  diluted  ammonia  to  a  sta- 
tion of  nitrate  of  silver,  till  the  oxide  of  silver,  which  is  firtt 
thrown  down,  is  again  redissolved.  When  the  ammonia  htf 
been  added  in  proper  quantity  and  not  in  excess,  the  odour  of 
that  substance  is  scarcely  perceptible,  and  the  liquid  contains 
in  solution  the  crystallizable  ammonio>nitrate  of  silveTi 
Ag  0,N05-f-2NH3.  This  test  Hquid  throws  down  from  arse- 
nious acid,  the  yellow  arsenite  of  silver,  which  is  rediss<Jved 
both  by  acids  and  ammonia.  A  solution  of  nitrate  of  silTcr 
gives  the  same  indication,  as  the  prepared  aaimonia-nitrate,  is 
an  alkaUne,  but  not  in  an  acid  solution  of  arsenious  add. 
Nitrate  of  silver  produces  a  yellow  precipitate  of  phosphate  rf 
silver,  in  phosphate  of  soda  or  any  other  soluble  phosphate,  of 
tlie  same  colour  as  the  arsenite  of  silver,  and  which  mightr 
therefore,  be  mistaken  for  the  latter.     But  the  action  of  the  am- 
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inio-uitrate  is  not  liable  to  that  ambiguity^  as  it  does  not 
)daoe  a  yellow  precipitate  in  an  alkaline  solution  of  phos- 
one  acid ;  the  phosphate  of  silver  being  then  retained  in  so- 
ion  by  the  ammonia  of  the  reagent,  although  arsenite  of 
rer  is  precipitated  in  the  same  circumstances.  Both  phos- 
ate  and  arseniate  of  silver  are  indeed  considerably  more  soluble 
smmonia,  than  the  arsenite  of  the  same  metal. 
$•  AmmaniO'Sulphate  of  copper,  gives  a  beautiful  green  pre- 
iiljitey  the  arsenite  of  copper,  in  both  alkaline  and  acid  solu- 
i|S  of  arseuious  acid ;  sulphate  of  copper  gives  the  same  pre- 
IjtBte  in  the  former,  but  not  in  the  latter. 
ipat  in  solutions  containing  organic  matter,  the  indications  of 
lie  tests  are  sometimes  delusive,  and  often  doubtful,  parti- 
Ivly  the  indications  of  the  latter  two.  Recourse  is  then  had 
the  proper  means  of  obtaining  arsenic  in  the  metallic  form, 

which  it  cannot  be  mistaken,  from  the  liquid  suspected  to 
ntun  arsenious  acid.  Indeed,  even  where  the  indications 
the  fluid  tests  are  clear,  the  reduction  test  should  never  be 
aitted,  the  evidence  which  it  affords  being  of  a  superior  and 
mpletely  demonstrative  character.  The  reduction  test  of 
■enic  is  practised  in  two  different  ways :  (1)  by  the  reduction  of 
e  mlphuret  of  arsenic  by  means  of  charcoal  and  carbonate  of 
ituh,  and  (2)  by  the  production,  and  subsequent  decomposition 

the  gaseous  compound  of  arsenic  and  hydrogen.  The  fol- 
ding operations  are  necessary  in  the  practice  of  the  first 
•thod: 

REDUCTION   TEST   OF    ARSENIC. 

I.  Preparation  of  the  fluid : 

1.  Boil  the  matters  with  water  and  a  few  drops  of  nitric 
acid. 

2.  Strain  tlirough  calico. 

3.  Precipitate  animal  matter  by  an  excess  of  nitrate  of 
silver,  and  subsequent  addition  of  common  salt. 

4.  Filter  through  paper. 

II.  Precipitation  of  the  sulphuret  of  arsenic : 

1.  Transmit  a  stream  of  sulphuretted  hydrogen  through 
the  liquid  for  half  an  hour. 

2.  Heat  the  liquid  in  an  open  vessel  for  a  few  minutes, 
to  cause  the  precipitate  to  separate. 
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8.  Wash  tlie  precipitate  by  affusion  of  water 

with  hydrochloric  acid,  and  subaidenoe* 
4,  Dry   the  precipitate  at  a  temperature   not^ 

300\ 

IIL  Reduction  of  the  »ulphuret  of  arsenic  z 
1*  Mix  the  dried  precipitate  intimately  with 

bulk  of  dry  black  flux  (carbonate  of  potash   anJ 

coaJ),  and  heat  to  redness  in  a  glass  tube,  of  the  f 

and  size  of  a  or  h,  exhibited  below. 
*2.  Heat  slowly  a  particle  of  the  metallic  cnast  in ; 

tube  Cf  and  observe  the  formation  of  a  while 

line  sublimate  of  arsenious  acid. 

Fig,  82- 


L 
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f      Hydrogen  cannot  be  evolved  in  contact  with  a  soluble 
soluble    preparation   of  arsenic,    without  combining 
luetalj  which  is  thus   removed   from   the  liquor,  in  the  i 
arsenietted  hydrogen  gas.     Mr,  Marsh  has  founded,  uj 
fact,  a  simple   and  elegant  mode  of  obtaining  metallic 
from  arsenical  liquors.     The  stopcock  being  removed  from 
Fig.  83.        bulbed  apparatus   represented  in  the  figwi 
fragment  of  zinc  is  placed  in  the  lowcr^ 
and  diluted   sulphuric  poured   upon 
stopcock  being  replaced  and  closed,   th^ 
bulb  is  soon  filled  witli  hydrogen  gaS| 
acid  liquid  forced  into  the  upper  bulb, 
necessary   to    test  this    hydrogen    for 
which  will  be  found  in  it,  if  the  zinc  it 
tains  that  metal.    The  gas  for  this 
)  kindled  at  the   stopcock  and  allowed 
with  a  small  flame.     If  a  stonewaie 
depressed  upon  the  flame,  a  bUck 
steel-grey   colour  and    bright  met«Uic, 


figtsi 

1 
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<m  Uie  mhee  of  the  plate,  in  a  few  seconds,  sup- 
as  to  contain  arsenic,  or  if  a  cold  object  of  glass  be 
}  flame,  at  a  small  height  above  it,  a  white  sublimate 
add  condenses  upon  the  glass.  But  if  the  zinc 
dtains  no  arsenic,  neither  of  these  efiiscts  is  produced. 
Dg  proved  to  be  free  from  arsenic,  a  portion  of  the 
terted,  is  introduced  into  the  lower  bulb,  in  addi- 
ad  and  sine  already  there ;  and  when  the  bulb  comes 
illed  with  hydrogen  gas,  the  latter  is  burned  and 
rocisely  as  before.  If  the  liquor  is  loaded  with 
ter,  as  generally  happens  with  the  liquids  sub- 
unination  in  actual  cases  of  poisoning,  the  gas  may 
I  froth,  and  the  evolution  of  it  very  slow.  But  in 
r  a  night,  the  gas  is  generally  obtained  in  sufficient 
1  in  a  proper  state,  to  permit  of  an  examination  of  it. 
^  is  evolved  freely  and  without  fit)thing  of  the 
in  bottle  with  a  cork  and  glass  jet  will  be  sufficient 
ction  experiment.  Then  also  instead  of  burning  the 
t,  it  may  be  allowed  to  escape  by  a  horizontal  tube, 

■'iG.  84.  *^^^  ^  ^^^  ^  ^^^  figure,  a  por- 

■  ■_  tion  of  which  is  heated  to  redness 
by  a  spirit  lamp;  the  arsenic  con- 
denses within  the  tube,  beyond 
the  flame  and  nearer  the  aperture, 
and  forms  a  metallic  crust    Or 
the  extremity  of  this  tube  may 
be  allowed  to  dip  in  a  solution  of 
nitrate  of  silver,  by  which  the 
arsenietted     hydrogen     is    con- 
densed, and  a  black  bulky  pre- 
cipitate   of  arseniuret  of  sUver 
lis  precipitate,  when  dried  and  heated  in  a  glass 
s  a  white  sublimate  of  arsenious  add,  whidi  may 
e  dissolved  by  boiKng  in  a  small  quantity  of  dis- 
t  containing  a  single  drop  of  ammonia,  and  the 
ted  for  arsenious  acid  by  nitrate  of  silver  and  sul- 
per.  (Liebig,  Clark). 

e  liquid   examined  contains  antimony,  that  metal 

fh  the  nascent  hydrogen,  and  comes  off  as  antimo- 

ogen,  a  gas  which  when  burned,  or  when  heated  in 

gives  the  metal  and  a  white  sublimate,  in  the  same 
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circumstances  as  nrsenic,  (L.  Thompson.)  Antimony,  how< 
may  be  recognized  by  a  peculiarity  of  its  reduction  in  the  ign'iUd 
tube*  This  metal  is  deposited  in  the  fube,  on  botli  sides  of  tht 
heated  portion  of  it^  and  closer  to  tlie  flame  than  arsenic^  owing 
to  the  less  volatility  of  antimony.  The  white  aublimate  dw, 
if  dissolved  in  water  containing  a  drop  of  ammonia^  wiU  not 
give  the  proper  indications  with  the  fluid  tests  of  arsenic,  if  At 
metai  is  antimony. 

Antidote  to  arsenious  acid. — When  hydrated   peroxide  ul  irun 
is  mixed  with  a  solution  of  arsenious  acid  to  the  coosistenor  d 
a  thin  paste,  a  reaction  occurs  by  which  the  arsenioua  acid  di^ 
appears  in  a  few  minutes,  and  the  mass  ceases  to  be  p<»i 
The  arsenious  acid  derives  oxygen  from  the  peroxide 
and  becomes  arsenic  add,  while  the  peroxide   of  iron 
protoxide^  a  protarseniate  of  iron  being  the  result,    which  if* 
soluble  and  inert : 

2Fe3  O3  and  AsO^  =  4FeOH-As06. 

The  constitution  of  this  arseniate  of  iron  is  probably  SFeO* 
AsOs  +  JFeO.     Peroxide  of  iron,  when  used  as  an  antido 
arsenious  acid^   should  he  in  a  gelatinous  state  as  it  is  ol 
by  precipitation,  without  drying.     It  may  be  prepared  ext 
poraneously,  by  adding   bicarbonate   of  soda  in  excess  t«  t 
tincture,  or  red  sotution  of  iron. 

SECTION     IT, 
AKTIMONV. 


Eq.  1612.9  or  129.24  ;  (806.4  or  64.62  Berzelim  and  TVr 
Sb  (stibium)* 

This  metal  was  well  known   to  tlie  alchemists,   and  is  < 
the    metals   of  which   the    preparations  were    first   int 
into  medicine.     Its    sulphuret  is   not  an   uncommon  mil 
and  is  the  source  from  which  the  metal  and  its  compound 
always  derived. 

Tlie  sulphuret  of  antimony  is  easily   reduced  to  the 
state  by  mixing  together  4   parts  of  that  substaueei    3 
crude  tartar  and  1^  parts  of  nitre,  and  projecting  the  mis 
small  quantities  at  a  time  into  a  red  hot  crucible.    Tlic  sulj 
ret  is  also  sometimes  reduced  by  fusion  with  smalt  iron 
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Ich  eombine  with  the  sulphur  and  disengage  the  antimony. 
it  may  be  obtained  in  a  state  of  greater  purity,  by  igniting 
ongly  in  a  crucible,  a  quantity  of  the  potash-tartrate  of  anti- 
ny^  and  placing  the  metallic  mass  obtained,  in  water,  to  re- 
pve  any  potassium  it  may  have  acquired.  Antimony  is  a 
ite  and  brilliant  metal,  generally  possessing  a  highly  lamel- 
od  fltmcture.  It  is  easily  obtained  in  rhombohedral  crystals 
^die  nme  form  as  arsenic  and  tellurium.  Its  density  is  from 
r02  to  6.86.  It  undergoes  no  change  in  the  air.  The  point 
Ibnon  of  antimony  is  estimated  at  7^7^ ;  it  may  be  distilled 
a  white  heat.  This  metal  bums  in  air  at  a  red  heat,  and 
adocea  copious  fumes  of  oxide  of  antimony.  Antimony  com- 
MB  in  three  proportions  with  oxygen,  forming  oxide  of  anti- 
Buy  and  antimonic  acid,  SbO,  and  SbO^,  which  correspond 
qiectiTely  with  arsenious  and  arsenic  acids,  and  antimonious 
id  Sb04,  which  is  probably  an  intermediate  or  compound 
ode,  analogous  to  the  black  oxide  of  iron . 
Omde  of  antimony,  Sb  O3,  1912.9  or  153.28.— Oxide  ofan- 
HKNiy  may  be  obtained  by  dissolving  the  sulphuret  finely 
Minded,  and  in  the  condition  in  which  it  is  known  as  prepared 
dlpharet  of  antimony,  in  four  times  its  weight  of  concentrated 
fdiochloric  acid.  Pure  sulphuretted  hydrogen  comes  off,  and 
m  antimony  is  converted  into  terchloride  (Sb  S3  and  SH  CI 
s  8b  CI3  and  3HS.)  The  clear  solution  may  be  poured  off, 
ad  precipitated  at  the  boiling  point  by  a  solution  of  carbonate 
Fpotash,  added  in  excess ;  the  carbonic  acid,  which  does  not 
mbine  with  oxide  of  antimony,  escapes  as  gas.  Oxide  of  an- 
nony  so  prepared,  is  anhydrous,  but  is  slightly  soluble  in 
Iter;  it  is  white,  but  assumes  a  yeUow  tint  when  heated.  It 
tioaible  at  a  red  heat,  and  sublimes  at  a  high  temperature  in 
dose  Tessel,  where  it  cannot  pass  into  a  higher  state  of  oxida- 
ian.  The  brilliant  crystalline  needles  which  condense  about 
jMniony  in  a  state  of  combustion  are  likewise  this  oxide, 
iky  possess  the  unusual  prismatic  form  of  arsenious  acid  ob- 
imd  by  Wohler.  Oxide  of  antimony  also  crystallizes  as 
BQnentiy  in  regular  octohedrons,  the  other  form  of  arsenious 
ad*  It  occurs  in  the  prismatic  form,  as  a  rare  mineral,  of 
bid  the  density  is  5.227. 

When  a  solution  of  potash  is  poured  upon  the  bulky  hydrate 
"dodde  of  antimony,  which  is  precipitated  from  the  chloride 
f  witer,  a  portion  of  the  oxide  is  dissolved,  but  the  greater 
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part  loses  its  water,  and  is  reduced  in  a  few  seconds  tot iiiw 
greyish,  crystalline  powder,  which  is  a  neutral  oombinatMmof 
the  oxide  of  antimony  with  potash.  Oxide  of  antimony  eotm 
into  other  salts  as  a  base. 

Sulphur et  of  antimony,  Sb  S3,  2216.4  or  177.6.— The  eoB- 
mon  ore  of  antimony  is  a  tersulphuret,  8b  S3,  oorrespendBii 
with  the  preceding  oxide  of  antimony.  It  is  rardy  free  (am 
Bulphuret  of  arsenic,  which  thus  often  enters  the  antimoniri 
preparations  derived  from  the  sulphuret  of  antimony,  baft  all 
tartar  emetic  less  frequently  than  the  others.  The  same  wA 
phuret  is  formed  when  salts  of  the  oxide  of  antimony,  suelia 
tartar  emetic,  are  precipitated  by  sulphuretted  hydrogen,  hat'i 
is  then  of  an  orange  red  colour.  When  the  precipitated  sdt 
phiiret  is  dried,  it  loses  water  and  becomes  anhydrous,  stiHii- 
maining  of  a  dull  orange  colour ;  but  heated  more  8tron|^y,ik 
shrinks  at  a  particular  temperature,  and  assumes  the  Uii 
colour  and  metallic  lustre  of  Uie  native  sulphuret.  This  snlpls- 
ret  is  also  obtained  of  a  dark  brown  colour  by  boiling  the  pn- 
pared  sulphuret  of  antimony  in  a  solution  of  carbonate  of 
potash,  and  allowing  the  solution  to  cool ;  by  fusing  2§  parti  d 
the  prepared  sulphuret  with  1  part  of  carbonate  of  potash,  er 
dissolving  it  in  a  boiling  solution  of  caustic  potash,  and  afla>- 
wards  adding  an  acid.  This  preparation  is  known  as  Kenm 
mineral.  It  has  a  much  duller  colour  than  the  precipitated  sal- 
phuret,  but  differs  from  it  only  in  containing  a  small  quantilj 
of  an  alkaline  sulphuret,  which  cannot  be  removed  by  waihng 
(Berzelius).  When  the  sulphuret  of  antimony  is  oxidated  at  1 
red  heat,  much  sulphur  is  burned  off,  and  an  impure  oxide  of 
antimony  remains.  This  matter  forms,  when  fused^  the  fflauif 
an/tmon^,  which  contains  a  considerable  quantity  of  undecoB- 
posed  sulphuret.  The  glass  reduced  to  powder  is  boiled  wilb 
bitartrate  of  potash,  as  a  source  of  oxide  of  antimony,  in  dM 
pharmaceutical  preparation  of  tartar  emetic.  The  oxide  of  »• 
timony  is  dissolved  out  from  the  glass  by  acids,  and  a  sob' 
stance  is  left  which  is  called  saffron  of  antimofu/.  This  W 
is  a  definite  compound  of  oxide  and  sulphuret  of  antimooj, 
Sb03-f-2SbS3,  which  also  occurs  as  a  mineral,  namely  ni 
antimony  ore. 

Chloride  of  antimony^  Sb  CI3,  is  obtained  by  distilling  either 
metallic  antimony  or  the  sulphuret  of  antimony  with  corroBie 
sublimate.     When  heated  it  flows  like  an  oil,  and  becomes  1 
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ay staiUne  masi  on  cooling.  It  is  a  powerful  cautety.  This 
udt  deliquesces  in  air,  and  is  troubled,  owing  to  the  deposition 
ofamibsalt*  A  concentrated  solution  of  chloride  of  antimony 
iialso  obtained  by  dissolving  the  sulphuret  of  antimony  in  hy- 
Hlchloric  add*  When  this  solution  is  thrown  into  water,  it 
^ea  a  white^  bulky  precipitate,  which  after  a  time  resolves 
'into  groups  of  small  crystals,  having  usually  a  fawn  colour; 
formerly  called  the  powder  of  Aigarotk.  These  small 
are  an  oxichloride  of  antimonyj  of  which  the  composi- 
tion is  28bCl3-f  SSbO^,  according  to  the  analysis  of  Johnston 
and  Malagnti. 

te  of  aniirmntff  Sb  OgjSSO^,  is  obtained  by  boiling 
;  antimony  witli  concentrated  sulphuric  acid,  as  a  white 
ss,  which  is  decomposed  by  water, 
e  of  potash  and  antimony ^  KO,  C^Og  +  Sb  Oj,  SCgOj. 
— This  is  a  double  cry  stall  izable  salt  of  antimonyj  which,  like  the 
tirtrate  of  potash  and  antimony,  may  be  dissolved  in  water 
^out  decomposition.  It  is  prepared  by  saturating  binoxalate 
jtaah  with  oxide  of  antimony.  It  is  soluble,  at  48%  in  ten 
its  weight  of  water,  (Lassaigne.)  According  to  Bussy, 
1  binoxalate  of  potash  is  digested  upon  oxide  of  antimony  in 
B8j  two  salts  are  formed,  one  in  oblique  prisms,  and  another 
soluble,  in  intricate  small  crystals;  but  neither  is  very 
ble,  Tte  former  is  decomposed  by  much  water  :  its  analysis 
|Mre  3{KO,  CjjOj)  -J-SbOg,  SC^Og  -f  6HO  * 
^ffartrate  of  potash  and  antimony ^  KO.  Sb  O3  4-  (Cg  H^  Ojq} 
Ho ;  41G4.2  4-225  or  333.68  + 18.— This  salt^  the  tartar  emetic 
or  potash  tartrate  of  antimony  of  pharmacy^  is  prepared  by 
lising  bitartrate  of  potash  with  oxide  of  antimony  ; 
oxide  obtained  by  decomposing  the  chloride  or  sulphate 
Eitimony  with  water  answers  best  for  the  purpose.  A  quantity 
ide  of  antimony  may  be  boiled  with  three  or  four  times  its 
ghtof  water,  and  bitartrate  of  potash  added  in  small  quanti- 
'tics  till  the  oxide  is  entirely  dissolved.  The  filtered  solution  yields 
die  salt,  on  cooling,  in  large  transparent  crystals,  of  which  the 
lis  an  octohedron  with  a  rhombic  base;  they  become  white 
^liie  air,  and  lose  their  water  of  crystallization.  They  are 
J  in  14  times  their  weight  of  cold  water,  and  in  1.88  boiling 
«,  but  not  in  alcohol.  The  mother  liquor  of  these  crystals 
a  syrupy  liquid,  and  dries  up  into  a  gummy  mass 
•  Journal  de  Pharm.  1838.  p.  609. 
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without  crystallizing,  when  oxide  of  antiniony  has  bceti 
ed  in  excess  by  the  acid  tartrate,  in  preparing  the  salt- 
of  antimony  is  precipitated  by  potash  or  ammoaiJi  from  i 
solution  of  this  salt,  when  concentrated^  but  not  triwB 
diluted,  owing  to  the  solubility  of  oxide  of  antimony  in 
alkalies,  Salts  of  the  earths  and  basic  metallic  oxides,  sudi  » 
barytes  and  oxide  of  silver,  throw  down  from  its  sotutioii  » 
compound  of  the  tartrate  of  antimony,  with  tartsmte  rf 
barytes,  tartrate  of  silver,  &c  (Wallquist,)  Strong  wa^ 
decompose  the  salt,  and  produce  a  precipitate  which  is  a  i 
ture  of  bitartrate  of  potash  with  oxide  of  antimony,  or  ^ 
subsdt  of  that  oxide.  Sulphuretted  hydrogen  gas  thmwt  ( 
the  orange  red  sulphuret  of  antimony  from  a  solution  of  1 
tartrate,  and  this  precipitate  affords  the  most  conclusire 
tion  of  the  presence  of  antimony.  The  orange  preofi 
should  be  collected,  dried,  and  dissolved  by  heat  in  a  few  tbopi 
of  concentrated  hydrochloric  acid.  When  the  acid  soluti 
dropped  into  a  glass  of  water,  the  white  and  bulky  hj 
oxichloride  of  antimony  precipitates. 

This  salt  was  formerly  described  as  a  double  tartrate  of  | 
and  antimony,  or,  abstracting  its  water  of  cr^'staUisatton, 
is  dilferently  stated  at  2  and  3  equivalents,  as  KO,  (C^l 
-f  SbOg,  (C^H^Og)*       When   the   atomic  weight    of 
acid  is  doubled,  and  it  is  represented  as  a  bibasic  add«  th^i 
mula  for  dry  tartar  emetic  becomes    KO.  SbO^  (CgH^C 
In  comparing  the  last  formula  with  that  of  bitartrate  rf| 
represented  also  as  a  bibasic  salt,  KO,  HO,  (C^H^O^^J, 
observ^ed  that  1  eq-  of  oxide  of  antimony  takes  the  place 
eq.  of  water,   as  base,  although  the  former  contains  tliree  i 
oxygen  and  the  latter  only  one.     Tartrate  of  potash  mnA  i 
roony  is,  in  this  respect,  an  anomalous  salt.    Another  eq« 
markable  fact  respecting  this  salt  has  been  obser\''ed  by  M, 
namely,  that  2  eq.  of  water  are  separated  from  the  anhj 
salt  at  428%  leaving  a  substance   of  w^hich  the   el 


Ha  0,3  Sb  K. 


The  first   part  of  this  formula  C^i 


M.  Dumas  looks  upon  as  a  quadribasic  salt*radtcai 
the  tartrates,  which  in  hydrated  tartaric  acid  is  united  m\ 
in  bitartrate  of  potash  with  3H-I-K,  and  in  tartrate  of 
and  potash  with  Sb  +  K.     Here  Sb  is  found  equivuleiil  1% 
capable  of  replacing  3 H,  (liote  p.  512).    1 
and   potash  would,  tlierefore,  fall  to  be  r.^ 
(C^  H^  0^^)-^  2HO  +  water  of  crystalUration! 
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AniinunnauM  acid,  SbO^,  is  obtained  by  oxidating  metallic 
intimony  by  nitric  acid,  or  by  roasting  the  sulphuret  of  anti- 
mony.    It  is  the  state  of  oxidation  into  which  both  oxide   of 
antimony  and  antimonic  acid  pass,  when  ignited  in  open  air. 
Antimonious  acid  is  infusible  and  fixed,    and  is  reduced  to  the 
metallic  state  with  much  greater  difficulty  than  oxide  of  anti- 
mony.    Fused  with  potash  and  separated  afterwTirds  from   the 
dkaK  by  an  acid,  it  is  obtained  as  a  hydrate^  containing  I  cq. 
of  water,  and  having  an  acid  reaction,  ShO^  +  IIO.      It  may 
dso  be  viewed  as  a  compound  of  antimonic  acid  with  oxide  of 
in&nony. 
When  hydrated  antimonious  acid  is  digested  in  hydrochloric 
.^    add,  a  solution  is  obtained  which  is  su])posed  to  contain  a  cor- 
-    Rtponding  chloride  of  antimony  Sb  CI4.     A  corresponding  sul- 
^     phuret  of  antimony  has  also  been  formed. 

Jlniimonic   acid,    SbOg,    is  most    easily  prepared    by  the 
^;    oxidation  of  oxide  of  antimony,  by  nitric  acid,  as  arsenic  acid  is 
^   prepared  from  arsenious  acid.    The  excess  of  nitric  acid  sliouUl 
^   then  be  expelled  by  a  heat  short  of  redness.     Antimonic  acid  is 
^   i pale  yellow  powder,  tasteless  and  insoluble  in  water,     it  dis- 
jb   places  carbonic  acid  from  the  alkaline  carbonates,  and  combines 
^  with  the  alkali.     It  is  also  soluble  in  a  boiling  solution  of  po- 
^    (uh,  from  which  acids  precipitate  hydrated  antimonic  acid  as  a 
vUte  powder.     In  the  hydrated  state  antimonic  acid  is  soluble 
in  hydrochloric  acid,  and  also  in  solutions  of  the  alkalies,  with- 
out heat.      Antimoniaie  of  soda  is  uncrystallizablc.     Antmo- 
maic  of  potash  is  prepared  by  deflagrating  a  mixture  of  1  part 
of  antimony,  or  of  sulphuret  of  antimony,  and  6  parts  of  nitre. 
The  mass  is  first  digested  in  cold   water,   which  dissolves  out 
ritnte  and  nitrite  of  potash,  and  leaves  antimoniate  of  potash. 
"When  this  residue  is  digested  in  boiling  water,  a  bin  antimoniate 
tt  potash  is  left,  and  the  neutral   antimoniate  dissolved   out. 
51ic  sohition  is  feebly  alkaline ;  when  concentrated  to  the  consis- 
tence of  honey,  it  gives  crystalline  grains.     All  acids,  even  the 
eocbonic,  occasion  a  precipitate  in  this  soluticm,  which  is  the 
%iiuiiitimoniate  of  potash,  KO,  Sb^  Oj^.     When  a  soluble  salt 
of  lime  or  of  zinc  is  treated,  at  the  boiling  point,  with  the  solu- 
tion of  the  neutral  antimoniate   of  potash,  the  antimoniate  of 
'fime  or  of  zinc  separates  in  a  crj'stallinc  state ;  other  salts  of 
■ntimonic  acid  fall  as  an  insoluble  powder,  when  solutions  of  tlie 
difierent  metallic  oxides  arc  precipitated  by  the  neutral  salt, 

'p   fr»   O 
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Many  of  the  metallic  antimoniates,  particularly  those  of  ooMt 
and  copper,  lose  first  their  combined  water  when  heated,  and 
afterwards  glow  strongly  when  heated  to  redness.  After  that 
change,  these  antimoniates  are  not  soluble  either  inaddior 
alkalies. 

Suiphantimonic  add,  Sb  S5,  is  obtained  when  antimonic  add 
or  the  following  chloride  of  antimony  is  precipitated  by  sul- 
phuretted hydrogen.  It  is  of  a  much  paler  red  colour  than  tk 
other  sulphurets  of  antimony,  and  constitutes  the  golden  m^ 
phuret  of  antimony  of  several  pharmacopeias. 

PentacMoride  of  antimony j  Sb  Cl^  is  formed  when  metaDie 
antimony  in  powder  is  gently  heated  in  chlorine  gas.  The  an- 
timony bums  with  scintillations,  and  a  colourless  or  slightif 
yellow  coloured  liquid  distils  over.  This  chloride  condensei 
olefiant  gas  as  readily  as  chlorine,  and  forms  the  Dutch  liqniili 
the  pentachloride  being  reduced  at  the  same  time  to  tercModifc 
of  antimony. 
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THE  OXIDES   ARE  NOT  REDUCED   BY   HEAT  ALONE. 

URANIUM.  LANTANUM. 
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URANIUM. 

Eg.  2711.4  or  217.26;  U. 

This  metal  is  derived  from  the  mineml  pitchblende,  vrhichcaor 
sists  principally  of  protoxide  of  uranium.  The  mineral  ia  dis- 
solved in  aqua  regia,  and  a  stream  of  sulphuretted  hydrogen 
passed  througli  the  liquor,  by  which  copper,  lead  and  araemc  are 
precipitated.  The  liquid  is  afterwards  boiled,  and  the  protoxide 
of  iron  peroxidised  by  means  of  nitric  acid.  An  excess  of  am- 
monia is  then  added  to  the  liquid,  and  the  precipitate  formed  rf 
oxides  of  uranium,  iron,  cobalt  and  zinc,  is  washed,  tbflD 
treated  with  a  dilute  solution  of  carbonate  of  ammonia,  whid 
leaves  the  peroxide  of  iron,  and  dissolves  the  other  oxideL 
By  boiling  the  yellow  solution,  the  carbonate  of  ammonia  is  ex- 
pelled, and  the  oxides  precipitate.  These  are-  dried  and  ignited, 
by  which  protoxide  of  uranium  is  rendered  insoluble  in  acids. 


OXIDES   OF  URANIUM. 


The  other  oxides  are  dissolved  out  of  the  ignited  mass  by  hy- 
drochloric acid,  the  protoxide  of  uranium  remaining  as  a  very 
fine,  dark  grey  powder,  which  is  received  on  a  tilter  and  washed 
wclL  Protoxide  of  uranium,  obtained  in  this  manner,  may 
be  dissolved,  with  the  aid  of  heat,  in  concentrated  sulphuric  acid- 
jThe  peroxide  of  uranium  is   easily  reduced    by    hydrogen. 

redson  obtained  the  metal  by  passing  hydrogen  over  the 
able  chloride  of  uranium  and  potassium  at  a  red  heat,  in  the 

I  of  little  regular  octohedrons  of  a  brilliant  metallic  lustre,  and 

\  dark  grey  colour,  almost  black*  The  density  of  this  metal 
1 9.00,     It  combines  with  oxygen  in  two  proportions,  forming 

c»toride,  U  O,  and  peroxide  U^  O3. 
iProioxide  of  uranium^  Uranous  oandey  U  O,  2811.4  or  225,26, 
fThis  oxide  is  obtained  when  an  alkali  is  added  to  a  solution  of 

f  of  its  salts,  as  a  greenish  grey  hydrate,  which  soon  becomes 

Howish,  and   is  finally  converted  into  uranic  oxide  by  the 

jrgeu  of  the  air.     Carbonate  of  ammonia  added  in  excess  to 

[uranous  salt,  redissolves  the  precipitate  and  forms  a  green 

don.    The  uranous  chioHde^   U  CI,   forms  a  green  syrupy 

fltion  which  does   not  crystallize.      The    uranous   sulphate 
3,  by  evaporation,  green  prismatic  crystals.     This  oxide  is 

iloyed  in  paintirjg  upon  porcelain,  and  yields  a  black  of  the 

ttest  purity.* 
'  Ptroscide  of  uranium^  Uranic  oxide,  U^  O3,  2911  4  or  235,26. 
—When  an  alkali  is  added  to  a  salt  of  this  oxide,  a  compound 
of  uranic  oxide  and  the  alkali  is  precipitated  and  not  the  hy- 
limted  oxide  itself;  but  the  latter  may  be  obtained  by  the  oxi- 
datiou  of  uranous  oxide.  The  uranic  hydrate  is  of  a  yellow 
colour^  has  an  acid  reaction  upon  litmus,  and  is  decom posed 
by  beat,  allowing  water  and  oxygen  to  escape,  while  uranous 
oaddc  remains.     Uranic  oxide  forms  insoluble  compounds  with 

•  'fbp  atomic  weight  of  urttnium»  indicnU'd  by  the  specific  heat  of  the  roe  till,  is 
wbIt  677. 8»  or  one-fourlh  of  tb«!  number  bitberto  leccivcd,  According  to  new 
^*.atth«t  of  M,  Regn«uk,  f  Ao.  dc  CL  et  de  Ph.  t.  73,  p.  71.)  The  oxide  of  ura- 
6tmit»  «t  present  coniidered  at  the  protoxidCf  comei  then  to  be  l^|0,  M*  KegnMult 
Im  i4ded  greatly  to  the  value  of  speciQc  bent,  as  ari  eleuieat  in  fining  atomic 
«ri|^|t,  bj  cuQfinniiig  DuloDg*B  general  rc^ultfi  by  new  exper)ivie(itB»  and  also  by 
MNTifii  tercrml  of  the  eiceptions  to  the  law>  that  all  tiro  pie  atoms  harf  the  same 
nficity  for  heat,  noticed  at  page  124.  Tlie  e1eaicDt«  eoumeriited  belowr  have  the 
HBt  e^paeitf  for  heat^  in  the  following  atomic  proportionsi  by  llcgnfiuU'a  expcH- 
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the  alkalies,  alkaline  earths  and  other  metatlio  oxtdet.  Il 
soluble  ill  alkaline  carbonates,  particularly  the  bioartKini 
and  the  solution  deposits,  after  a  time,  lemon  vellowr  orffttils 
double  carbonate.  The  alkaline  and  earthy  uranafes  Ms 
when  ignitedj  a  deep  and  very  beautiful  orange  csolour^  whii 
most  intense  in  the  compounds  with  excess  of  baae.  This  o; 
is  employed  to  colour  glass  of  a  delicate  lemon*yellow  tint 

Sesfjui-chloride  of  uraniumy  U^  CI3,  is  very  soluble  in  water, 
alcohol  and  ether^  It  forms  a  double  salt  of  remarkable  bcaotf 
with  chloride  of  potassium,  wluch  crystallizes  from  a  tympy 
solution,  SKCl  +  U^CIj+GHO, 

The  tiranic  sulphate  combines  with  sulphate  of  potash  in 
three  different  proportions, forming  the  salts: 

2(KO,  S03)  +  U303,  3SO3 
S(KO,  S03)-hU203,  3SO3  +  3HO 
3KO,  4S03  +  Ua  O3,  3SO3  +  6HO. 

The  proportion  of  the  sulphuric  acid  and  potash  ui  the  list 
salt  is  very  extraordinary,  but  is  the  result  of  esact  experiinciitS) 
(Berzehus)*  The  formula,  however,  is  not  to  be  auppoiedtd 
express  the  proximate  constitution  of  the  salt. 

Tlie  uranic  nitrate  is  obtained  by  a  slow  evaporation  in  bzp 
tables,  which  like  the  other  salts  of  this  oxide  are  of  a  ycUof 
colour.  The  nitrate  is  highly  soluble  both  in  water  and  alcuboL 
Uranic  oxide  is  abo  said  to  form  an  add  Bali  with  nitric  tni 
which  is  less  soluble  and  more  easily  crystallixed  than  tbe 
neutral  salt. 

The  mineral  uranite  is  a  double  phosphate  of  lime  and  m 
nium»  of  which  the  formula  is  3Ca  O,  PO^  H- 2(U,  Oj,  PO^J 
24HO. 

CERIUM. 

%-  574.7  or  4$.05 ;  Ce- 

This  metal  was  named  Cerium  by  Hisinger  and 
from  Ceres.     Although  not  an  abundant  element^  it  b  foanJiB 
a  considerable  number  of  minerals  all  from  Swc<!  '  (;     " 

land,    Tlie  mineral  cerite  is  a  cerous  silicate,  < 
per  cent  of  cerous   oxide,  with  small  quantities  af  lic>e  9oi 
peroxide  of  iron.     This   mineral  is    boiled  in  aqua  wcfpt^  ^J 
which  the  silica  is  separated^  and  tlie  other  oxides  dSaaolW* 
The  iron  is  precipitated  by  bensoate   of  ammonia^ 


LANTANUM.  G15 

BiniDonia  added  to  the  liquid^  which  throws  down  a  mixture  of 
oeroiia  and  eerie  oxides.  The  oxides  of  cerium  arc  reduced  with 
difficulty,  but  by  decomposing  the  cen)us  chloride  by  potas- 
■urn,  the  metal  was  obtained  by  Mosandcr  as  a  pulverulent 
mass  of  a  dark  chocolate  brown,  wliich  gave  a  grey  metallic 
tnce  under  the  burnisher.  It  oxidates  quickly  in  water,  disen- 
gaging hydrogen  gas,  particularly  when  the  water  is  a  little  heated. 

Protoxide  of  cerium^  Ceroun  oxide^  Cc  O,  is  procured  by  cal- 
cining the  mixed  oxides  of  cerium,  obtained  as  already  described, 
by  precipitating  the  solution  of  cerite  in  an  acid  by  ammonia, 
till  chlorine  is  no  longer  disengaged,  as  perceived  by  its  odour. 
The  salt  that  remains,  when  dissolved  in  water  and  precipitated 
by  an  alkali,  gives  the  hydrate  of  cerous  oxide,  which  soon 
becomes  yellow  in  the  air.  The  cerous  saltn  are  generally  co- 
lonrless,  although  some  of  them  have  an  amethystine  colour, 
like  the  salts  of  manganese.  Their  taste  is  sweet  and  afterwards 
astringent  and  they  greatly  resemble  the  salts  of  yttria.  From 
tiiese  they  may  be  distinguished  by  forming  a  salt  with  sulphate 
of  potash  of  small  solubility.  They  arc  precipitated  white  by 
the  yellow  prussiate  of  potash,  not  atfected  by  sulphuretted 
hydrogen,  and  precipitated  by  an  alkaline  sulphuret  with  dis- 
engagement of  sulphuretted  hydrogen  gas. 

Peroxide  qf  cerium,  Ceric  oaulvj  Ce^  O3,  is  obtained  hy  cal- 
cining the  cerous  nitrate  or  carbonate.  The  ignited  oxide  is 
brick  red  and  pulverulent,  easily  soluble  in  acids,  from  which  it 
is  thrown  down  by  an  alkali  as  a  nmcilaginous  matter,  of  a 
clear  yellow  colour,  which  is  the  hydrated  oxide.  This  hydrate 
is  not  soluble  in  caustic  alkalies,  but  alkuline  carbonates  dissolve 
a  small  quantity  of  it  and  become  yellow.  An  intorniediate 
compound,  the  ceroio-ceric  oxide,  is  ubtaiiied  when  ceric  oxide 
is  exposed  to  hydrogen  at  a  red  heat.  It  is  a  lemon  yellow 
powder,  which  passes  into  ceric  oxide  by  combustion  in  air. 
The  salts  of  ceric  oxide  are  distinguished  from  those  of  cerous 
oxide  by  their  yellow  and  sometimes  orange  colour,  by  their 
taste  which  is  sweetish-sour  and  strongly  astringent.  Tlicy  are 
decomposed  when  boiled  with  hydrochloric  acid,  and  converted 
into  cerous  salts  with  evolution  of  chlorine. 

LANTANUM. 

The  oxide  of  this  new  metal  was  lately  discovered  by  Mo- 
sander  to  exist  in  the  cerite  of  Bastnas,  forming  indeed  two 
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fifths  of  what  is  extracted  from  that  mineral,  by  the  ordinirf 
process,  as  oxide  of  cerium.      This   throws  considerable  tia* 
certainty    over  our  knowledge  of  cerium,  as  the  x>bserrai 
of  chemists  have  not  been  made  upon  a  pure  substance* 
new  element  dters  but  little  the  properties  of  cerium,  and 
therefore,  as  if  concealed  in  it ;   it  was  that  fact  which  in 
M.  Mosander  to  apply  the  name  lantanum  to  the  a 
The  oxide  of  lantanum  is  not  reduced  by  potassium,  but  tfai 
metal  separates  from  the  chloride  of  lantanum  a  grey  metdlie 
powder,  which  undergoes  oxidation  in  water,  with  dtsengigf- 
ment  of  hydrogen  gas,  changing  into  a  white  hydrate. 

Oside  of  lantanum. — It  is  prepared  by  calcining  the  nitrt^ 
of  cerium  as  it  is  mixed  with  nitrate  of  lantanum*  The 
of  cerium  loses  its  solubility  in  very  dilute  acids,  while 
oxide  of  lantanum  may  l>e  taken  up  by  nitric  acid  diluted 
100  parts  of  water.  The  ignited  oxide  of  lantanum  has  a  hi 
red  colour,  which  does  not  appear  to  be  due  to  oxide  of 
It  changes  in  hot  water  into  a  white  hydrate,  which  makes 
litmus  paper  blue.  This  oxide  is  so  powerful  a  base,  that  wh«i 
digested  in  a  solution  of  sal  ammoniac,  it  dissolves  by  degn«>, 
expelling  the  ammonia.  The  atomic  weight  of  lantanum  ii 
smaller  than  that  assigned  to  cerium  or  rather  to  the  mixture 
of  the  two  metals^  but  has  not  been  accurately  determined. 

Suipkurei  of  lantanum  is  produced  on  heating    tlie  oonde 
strongly  in  the  vapour  of  the  sulphuret  of  carbon*     It 
yellow,  decomposes  water  with  disengagement  of  sulphi 
hydrogen,  and  becomes  the  hydrated  oxide. 

The  salts  of  lantanum  have  an  astringent  taste  without 
mixture  of  sweetness.  Their  crystals  have  generally  a 
tint ;  sulphate  of  potash  produces  a  precipitate  in  thei% 
when  they  are  mixed  with  salts  of  cerium* 


TANTALUM, 
Syn,  coLUMBiUM.  Eq.  2307,4  ar  184.9 1  Ta, 

This  metal  appears  to  have  been  first  observed  in  1801,  by 
Mr.  Hatchett,  in  a  black  mineral  belonging  to  the  BriliA 
Museum,  and  supposed  to  have  come  from  MaaMichus«ti  J* 
North  America,  and  was  named  columbium  on  that  irooflflt* 
M.  Ekeberg  found  a  new  metal  in  1 802,  which  he  called  lafl- 
talum,  in  two   Swedish  minerals,  then  new,  and  named 
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tentalite  and  yttrotantalite.  Their  metal  was  fully  studied  by 
Berscltus;  and  columbium^  livhich  had  been  imperfectly  ex- 
amined by  Hatchett,  was  found  by  Dr*  WoUaston,  in  18Q9,  to 
\m  the  same  metal.  Tantalum  has  since  been  obsen^ed  in  two 
or  three  other  minerals^  but  all  of  them  among  the  rarest 
apecies* 

Tantalum  is  not  reduced  by  carbon,  but  Berzelius  obtained 
it  by  decomposing  the  double  fluoride  of  sihcon  and  potassium 
by  potassium.  It  was  a  black  powder,  which  could  be  washed 
and  dried,  and  assumed  an  iron  grey  metallic  lustre  under  the 
barnisher.  It  took  fire  in  air  below  a  red  heat  and  burned 
irith"  much  vivacity,  yielding  tantalic  acid.  No  acid  has  a  sen- 
fibie  action  upon  tantalum  except  hydrofluoric  acid.  Tantalum 
combines  with  oxygen  in  two  proportions,  forming  tantalic 
-;  Glide,  Ta  O^,  and  tantalic  acid,  Ta  O3. 

Tanialic  oxide,  Ta  O^,  2307-4  or  200.9.— This  oxide  is  ob- 
tiined  on  exposing  tantalic  acid  in  a  charcoal  crucible  to  the 
heat  of  a  wind  furnace,  for  an  hour  and  a  half.     With  the  ex- 
ception of  the  external  film  immediately  in  contact  with  the 
diarcoal,  which  is  metallic  tantalum,  the  mass  of  acid  is  con- 
lerted  into  tantalic  oxide.     This  oxide  is  of  a  dark  grey  colour, 
its  particles  are  so  hard  as  to  scratch  glass  ;  it  is   soluble   in  no 
I  add,  not  even  in  aqua  regia  or  hydrofluoric  mixed  with  nitric 
'  •dd*  The  name  tantalum  was  applied  to  the  metal  by  Ekeberg, 
oa  account  of  this  insolubility  of  its  oxide  in  acids,  in  allusion 
to  die  fable  of  Tantalus.     Heated  to  low  redness  in  air,  it  burns 
.  dowiy,  and  is  converted,  although  not  entirely,  into  tantalic 

BIB* 

Tmialic  acidy  Ta  O3,  2^07.4  or  20B.9.— It  is  in  the  state  of 

I  Imtalic  acid  that  tantalum  exists  in  most  of  its  minerals,  com- 

[binjed  with  the  oxides  of  iron  and  manganese  in  tan  tali  te,  or  with 

in  yttrotantalite.     The  acid  may  be  obtained  by  fusing 

IPiineral  vnih  carbonate  of  potash,  and  decomposing  the  tan- 

of  potash  formed,  by  an  acid,  and  also  by  fusion  with 

phate  of  potash  (Berzelius,  Traitd,  I,  392),     It  presents 

'aa  a  white  powder,  which  reddens  litmus  paper;  when 

£slilled  in  a  retort,  it  parts  with  its  water,  which  amounts  to 

III  per  cent,  Ta  Og-f  SHO,  and  loses  the  latter  property.     The 

^  dennty  of  the  ignited  acid  is  6.5,  in  this  state  it  is  attacked  by 

dlalies  only.    Tantalic  acid  dissolves  by  fusion  in  bisulphate 

of  potash,  and  when  hydrated  in  binoxalate  of  potash  by  the 
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humid  way.     It  is  dissolved  in  small  quantity  by  oonoentntod 
sulphuric  acid^  but  precipitated  iGrom  that  solution  by  water. 

Sulphotanialic  acidf  TbS^  is  prepared  with  most  advantip 
by  exposing  tantalic  acid  to  a  bright  red  heat  in  a  porcelain  tnbi^ 
and  passing  bisulphuret  of  carbon  over  it.  It  forms  a  gref 
pulverulent  matter,  having  much  the  appearance  of  plomfatpi 
It  is  a  good  conductor  of  electricity. 

Chloride  of  tantalum^  TaCl,,  obtained  on  heating  tantslm 
in  pure  chlorine  gas,  is,  in  the  state  of  vapour,  a  yellow  gas  !»• 
sembling  chlorine,  which  condenses  into  a  white  floury  powilvj 
having  a  shade  of  yellow,  and  in  no  way  crystalline. 

Tantalic  acid  dissolves  in  alkalies  and  forms  salts,  but  tkf 
are  not  crystallizable  and  are  decomposed  by  all  other  adi 
even  by  carbonic  acid. 
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MbTALS  OF  WHICH  THE  OXIDES  ARE  REDUCED  TO  THE  METALUC 
STATE  BY  HEAT  (NOBLK  METALS.) 

SECTION    I. 

MERCURY. 

Eq.  1265.8  or  101.43 ;  Hg  [hydrargtjrum,) 

Mercury  or  quicksilver,  as  it  is  named  from  its  fluidity,  has 
been,  known  from  all  antiquity.  The  most  valuable  Exiropeu 
mines  of  this  metal  are  those  of  Idria  in  Illyria^  and  Almaden  in 
Spain.  It  is  found,  to  a  small  extent,  in  the  metallic  state.  lb 
principal  ore  is  a  sulphuret,  native  cinnabar,  from  which  die 
metal  is  obtained  by  distillation  with  lime  or  iron.  The  qoiii- 
silver  of  commerce  is  in  general  a  highly  pxire  substmce. 
When  contaminated  with  other  metals,  its  fluidity  is  remarkaUf 
impaired.  Mercury  may  be  purified  by  distilling  it  from  htf 
its  weight  of  iron  turnings,  or  by  digesting  the  metal  with  a 
small  quantity  of  nitric  acid,  or  with  a  solution  of  chloride  rf 
mercury,  which  rids  it  of  the  metals  more  oxidable   than  itsctt 

Mercury  is  liquid  at  the  usual  temperature,  its  colour  is  white 
with  a  shade  of  blue  when  compared  with  silver,  and  it  has  i 
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Ikigh  metallic  lustre.  WT^en  pure,  its  surface  does  not  tarnish  in 
nr.  Al  39  or  40  degrees  below  zero,  mercury  becomes  solid  ;  it 
pqpitelbies  in  regular  octohedrons.  According  to  M.  Kupffer, 
idensity  of  mercury  at  39.2^  is  1.H.58S6;  at  62,6%  13.5569. 
|mt  78*H%  13.535.  In  the  solid  state^  its  density  is  about 
At  662**  it  boils,  forming  a  colourless  vapour,  of  which 
fdensity  was  observed  to  be  6976,  by  Dumas;  the  theoretical 
aty  is  6JI78-  Mercury  emits  a  sensible  vapour  beti\^een  66^ 
80"^  bat  not  under  40*.  When  heated  near  its  boiling 
lit,  mercury  absorbs  oxygen  from  the  air^  and  forms  crystal- 
scales  of  the  red  oxide.  It  is  not  affected  by  boiling 
Joric  or  diluted  sulphuric  acid,  but  is  readily  dissolved  by 
nitric  acid.  This  metal  never  dissolves  in  hydrated 
by  substitution  for  hydrogen.  Mercury  combines  with 
en  in  two  proportions,  forming  the  black  oxide,  which  is 
erally  considered  a  suboxide,  Hgg  O,  and  the  red  oxide, 
bposed  of  single  equivalents,  Hg  O,  both  of  which  are  bases, 
requivalent  of  mercury  is  then  assumed  to  be  1265*8;  but 
ether  it  should  be  this  number  or  a  multiple  of  it  by  two,  we 
!  no  certain  means  of  deciding,  while  in  ignorance  of  any 
^rpbous  relation  of  mercury  with  the  magncsian  metals. 
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of  mercury  (black  oa^ide)^  Mercurous  oxide^  Hgg  O, 

IL6  <7r  210«86, — This  oxide  is  obtained  by  the  action  of  a 

solution  of  potash,  used  in  excess,  upon  calomel.     They 

id  be  mixed  briskly  together  in  a  mortar,  in  order  that  the 

aposition  be  as  rapid  as  possible,  and  the  oxide  be  allowed 

[dry  spontaneously  in  a  dark   place,     Mr.    Donovan  finds 

i  precautions  necessary,  from  the  disposition  which  this  oxide 

&s,  to  resolve  itself  into  metallic  mercury  and  the  higher 

The  decomposition  of  mercurous  oxide  is  promoted  by 

fttion   of    temperature,  and   by    exposure   to   hght.      The 

ctrous  oxide  is  a  black  powder,  of  which  the  density  is 

(Herapath) ;  it  unites  with  acids  and  forms  a  class  of  salts. 

Jtis  precipitated  as  the  black  oxide  by  lime-water  and  the  pure 

lies,  and  by  alkaline  carbonates  as  a  white  carbonate,  which 

becomes  black  from  decomposition.     Its  soluble  salts  arc 

[  partially  decomposed  by  pure  water,  which  combines  witli  a 

of  their  acid,  and  throws  down  a  subsalt  containing  an 

;  of  oxide.    They  are  precipitated  black  by  sulphuretted 
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hydrogen.  The  salts  of  the  same  oxide  are  decomposed  by 
hydrochloric  acid  and  soluble  chlorides,  with  precipitation  of 
calomel  as  a  white  powder,  a  property  by  which  they  are  distin- 
guished from  the  salts  of  the  red  oxide  of  mercury. 

The  salts  of  this,  and  also  of  the  red  oxide,  are  redooed  to 
the  metaUic  state  by  copper  and  more  ozidable  metals,  and  by 
the  proto  compounds  of  tin.  The  precipitated  mercury  ofin 
presents  itself  as  a  grey  powder,  in  which  metallic  globules  an 
not  perceived,  and  remains  in  this  condition  while  humid. 
Mercury  in  this  divided  state  possesses  the  medicinal  qualitiei 
of  the  milder  mercurials,  and  has  often  been  mistaken  for  blsd 
oxide.  To  obtain  precipitated  mercury^  equal  weights  d 
crystallized  protochloride  of  tin  (salt  of  tin)  and  corrosive  sab- 
limate  may  be  dissolved,  the  first  in  diluted  hydrochloric  add 
and  the  second  in  hot  water,  and  the  solutions  mixed  wid^ 
stirring.  The  salt  of  tin  assumes  the  whole  chlorine  of  tbe 
corrosive  subUmate,  becoming  bichloride  of  tin,  which  remaioi 
in  solution,  while  the  mercury  is  liberated,  and  forms  so  fines 
precipitate,  that  it  requires  several  hours  to  subside.  It  maybe 
washed  by  affusion  of  hot  water  and  subsidence,  and  sliglidy 
drained  on  a  filter,  but  not  allowed  to  dry.  There  can  be  no 
doubt  that  it  is  in  this  divided  state,  and  not  as  the  black  oiide^ 
that  mercury  is  obtained  by  trituration  with  fat,  turpentine, 
syrup,  saliva,  &c.,  in  many  pharmaceutical  preparations. 

Subsulpfmret  of  mercury,  Hgg  S,  is  obtained  by  the  action  of 
sulphuretted  hydrogen  on  a  solution  of  the  mcrcurous  nitrate 
or  upon  calomel,  as  a  black  precipitate.  This  sulphnret  ii 
decomposed  by  a  gentle  heat,  and  resolved  into  globules  of 
mercury  and  the  higher  sulphuret. 

Subchloride  of  mercury y  Calomel ,  HggCl,  29/4.3  or  238.33. 
— A  variety  of  processes  are  given  by  pharmacicins  for  the  pre- 
paration of  this  remarkable  substance.  It  may  be  obtained  in 
the  humid  way,  by  digesting  \\  parts  of  mercurj",  with  1  part  of 
pure  nitric  acid,  of  density  from  1.2  to  1.25,  till  the  metal 
ceases  to  be  dissolved,  and  the  liquid  has  begun  to  assumes 
yellow  tint.  A  solution  is  also  prepared  of  1  part  of  chloride  of 
sodium  in  32  parts  of  distilled  water,  to  which  a  certain  quan- 
tity of  hydrochloric  acid  is  added,  and  this  when  heated  to  near 
the  boiling  point,  is  mixed  with  the  mercurial  salt.  The  rac^ 
cury  acquires  the  chlorine  of  the  common  salt,  and  the  sub- 
chloride  of  mercury  formed  precipitates  as  a  Mhite  ]>owder,  while 
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i  nitric  add  and  oxygen  are  resigned  by  the  mercury  to  the 
lium,  which  becomes  nitrate  of  soda :  Na  CI  and  Hg.,  O^  NO5 
Hg,  CI  and  NaO,  NO5.  The  excess  of  acid  in  this  process 
Atended  to  prevent  the  precipitation  of  any  subnitrate  ofmer- 
-y,  which  the  diiutipn  of  the  nitrate  of  mercury,  on  mixing 
)  aolutions,  might  occasion  the  formation  of.  Calomel  is  also 
tained  by  rubbing  together,  in  a  mortar,  4  parts  of  chloride 
mercury  (corrosive  sublimate)  with  S  parts  of  running  mer- 
ry. The  mixture  is  afterwards  introduced  into  a  glass  bal- 
^n,  and  sublimed  by  a  heat  gradually  increased.  Here  the 
loride  of  mercury  combines  with  mercury,  and  the  subchlo- 
!e  ia  produced.  The  same  result  is  obtained  by  mixing  the 
Iphate  of  red  oxide  of  mercury,  with  as  much  mercury  as  it 
eady  contains,  and  about  one  third  of  its  weight  of  chloride 
aodium,  and  subliming  the  mixture.  The  vapour  of  the  sub- 
loride  of  mercury,  in  these  sublimations,  is  advantageously 
ndenaed  by  conducting  it  into  a  vessel  containing  hot  water ; 
a  vapour  of  the  water  then  condenses  the  salt  in  an  extremely 
e  and  beautifully  white  powder.  The  product  of  this  opera- 
in  IB  recommended  by  its  purity,  as  well  as  its  minute  divi- 
m,  for  chloride  of  mercury,  by  which  the  subchloride  is  ac- 
mpanied,  is  dissolved  by  the  water.  It  appears  that  whenever 
e  subchloride  is  sublimed,  a  small  portion  of  it  is  resolved 
to  mercury  and  the  chloride.  To  prepare  the  calomel  for 
Bdical  use,  as  it  is  usually  condensed  in  a  solid  cake,  it  must, 
eiefore,  be  reduced  to  a  fine  powder,  and  .also  be  washed  with 
it  water  to  remove  the  soluble  chloride. 

Subchloride  of  mercury  is  obtained  by  sublimation  in  four- 
led  prisms,  terminated  by  summits  of  four  faces.  When  the 
lid  cske  is  finely  pounded,  the  salt  acquires  a  yellow  tinge. 
lie  density  of  this  salt  in  the  solid  condition  is  6.5  ;  in  the 
ate  of  vapour  8200,  one  volume  of  which  contains  one  volume 
the  vapour  of  mercury  and  half  a  volume  of  chlorine.  Tliis 
h  is  so  highly  insoluble  in  water,  that  when  the  mercurous 
trate  is  added  to  hydrochloric  acid  diluted  with  250,000  times 
I  weight  of  water,  a  sensible  precipitate  of  subchloride  of  mer- 
iry  appears.  When  boiled  for  a  long  time  in  hydrochloric 
idy  this  salt  is  resolved  into  chloride  of  mercury  which  dis- 
thres,  and  mercury  which  is  reduced. 

Actum  qf  ammonia  on  subchloride  of  mercury. — ^The  dry  sub- 
iloride  was  found  by  Rose  to  absorb  half  an  equivalent  of  am- 
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monia^  and  to  become  black.  Ebrposed  to  air  the  oompmmd 
loses  its  ammonia,  and  the  subchloride  of  mercury  recovcn  iti 
white  colom*.  This  ammoniacal  compound  is  2Hg2  Cl4-NH|. 
When  calomel  is  digested  in  solution  of  ammonia,  it  becomes 
black,  and  was  found  by  Dr.  Kane  to  be  converted  into  a 
double  subamide  and  subchloride  of  mercury ^  a  portion  of  al 
ammoniac  being  dissolved  by  the  water  at  the  same  time: 

2Hga  CI  and  2NH3  =  Hg,  01  +  Hg,  NH,  and  NH^,  CL 

This  compound  is  not  altered  by  boiling  water;  when  quite  diy, 
it  is  of  a  grey  colour. 

Subbromide  of  mercury j  Hgg  Br,  is  a  white  insoluble  peii> 
der,  resembling  in  all  respects  the  ^bchloride,  and  formed  ■ 
similar  circumstances.  A  boiling  solution  of  chloride  of  stnn* 
tium  was  found  by  Laswig  to  dissolve  3  equivalents  %ii  caking 
of  which  1  eq.  precipitated,  during  the  cooling  of  the  solatioib 
When  the  filtered  solution  was  evaporated,  it  deposited  a  all 
in  small  crystals,  Sr  Br  +  2llg2  Br.  These  crystals  were  decoB^ 
posed  by  pure  water,  and  resolved  into  the  insoluble  sublux 
mide  Hg^  Br,  and  a  double  salt  which  dissolved  easily  and  erf- 
stallized  by  evaporation,  Sr  Br  +  Hgg  Br. 

Subiodide  ofmercwry^  Hg^  I,  is  obtained  by  precipitation  ai 
a  green  powder,  which  is  red  when  heated.  It  is  also  fonned 
by  triturating  mercury  and  iodine  together  in  a  mortar,  witht 
few  drops  of  alcohol,  in  the  proportion  of  2  eq.  of  the  former  t» 
1  eq.  of  the  latter.  Another  iodide  of  mercury  was  obtained  bf 
Boullay,  by  precipitating  nitrate  of  suboxide  of  mercury  with  t 
solution  of  iodide  of  potassium,  to  which  half  an  equival^t  uf 
iodine  had  been  previously  added.  It  is  a  yellow  powdcfi 
which  may  be  washed  with  alcohol ;  from  its  composition  it  ip" 
pears  to  be  a  compound  of  single  equivalents  of  neutral  iodide 
and  subiodide  of  mercury,  Hg  I  +  Hgg  !• 

No  subcyanlde  of  mercury  exists,  and  it  is  doubtful  whetlieri 
subfluoride^  corresponding  with  the   suboxide  has  been  fomel 

Carbonate  of  black  oxide  of  mercury  ^  Hg  O^,  CO,,  precipi- 
tates as  a  white  powder,  when  an  alkaline  carbonate  is  added 
to  the  nitrate  of  the  same  oxide.  Tlie  precipitate  becomes  grcf 
when  the  liquid  containing  it  is  boiled,  and  carbonic  acid  es- 
cai>cs.  This  carbonate  is  soluble  both  in  carbonic  acid  water, 
and  in  an  excess  of  alkaline  carbonate. 
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Su^hate  of  black  oxide  of  mercury^  Mercurons  9ulphat€y  HgO, 
JO,;  3132.8  or  251.04.— It  is  obtained  by  digesting  1  part  of 
nerciuy  in  1^  parts  of  sulphuric  acid,  avoiding  a  high  tempera- 
SBre,  and  interrupting  the  process  as  soon  as  all  the  mercury  is 
lonverted  into  a  white  salt.  It  is  also  precipitated  when  sul- 
phuric acid  is  added  to  a  solution  of  the  nitrate  of  the  same 
aside.  The  salt  may  be  washed  with  a  little  cold  water.  It 
srystallises  in  prisms,  and  requires  500  times  its  weight  of  cold 
md  300  of  hot  water  to  dissolve  it.  With  water  of  ammonia  this 
nk  gives  a  dark  grey  powder,  containing  ammonia  or  its  elements. 

mirates  qf  black  omde  of  mercmy^  Mercwrout  nUrates. — ^The 
umirml  ftUraie  is  obtained,  when  mercury  is  dissolved  in  an 
laoeas  of  cold  nitric  acid^  and  crystallizes  readily  in  transparent 
ibombs.  It  is  soluble  with  heat  in  a  small  quantity  of  water, 
but  is  decomposed  by  a  large  quantity  of  water,  and  an  in- 
poIiiUe  subsalt  formed,  unless  nitric  add  be  added  to  the  water. 
Bbe  fimnula  of  this  salt  is  Hg,  O,  NO5+2HO.  A  aubnitrate 
p  fimned  when  the  black  oxide  is  dissolved  in  a  solution  of 
As  preceding  salt,  or  when  an  excess  of  mercury  is  digested 
i»  filuted  nitric  acid  at  the  usual  temperature.  It  crystallizes 
nadiljr  in  white  and  opaque  rhombic  prisms,  which  contain, 
looording  to  both  G.  Mitscherlich  and  Kane,  2NO5,  Sllg,  O 
md  SHO.  This  salt  was  observed  by  the  former  chemist  to 
be  dimofphous.  When  dissolved  by  dilute  nitric  acid,  it  gives 
be  neutral  salt.  The  subnitrate  is  soluble  in  a  little  water, 
bat  when  treated  with  a  large  quantity,  it  leaves  undissolved,  like 
Ae  neutral  nitrate,  a  white  powder,  which  as  long  as  the  supcr- 
netent  liquid  is  acid  retains  its  colour,  but  if  it  be  washed  with 
Mfar  becomes  yeUow.  The  yellow  subnitrate  of  mercury  was 
bond  to  contain  NO5,  2Hg2  O  and  HO  (Kane).  Wlien  very 
dilnte  ammonia  is  added  to  the  preceding  soluble  nitrates, 
vithout  neutralising  the  whole  acid,  a  velvety  black  precipitate 
Ulfl^  know  as  Hahnemann* s  soluble  mercury.  This  salt  contains, 
■OOMding  to  the  analysis  of  Q.  Mitscherlich,  NO5,  Sllgg  O  and 
RHj.  But  when  pains  were  taken  to  avoid  decomposition  of 
ths  ndt  in  washing  it,  its  composition  was  found  by  Dr.  Kane 
io  be  NO5,  2Hg3  O  and  NH3. 

Acetate  of  black  oxide  of  mercury^  Hg<|0,  C4II3O3,  falls, 
when  acetic  acid  or  an  acetate  is  added  to  the  nitrate,  in  crystalline 
ecdes  of  a  pearly  lustre.  It  is  anhydrous,  and  sparingly  soluble 
in  water. 
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Oxide  of  mercury  {red  oxhide),  Mercuric  omde^  Hg  0, 13G5,8  or 
109,43. — This  compound  is  forraed  by  the  oxidation  of  mer^ 
cuiy  at  a  high  temperature^  as  has  already  been  described,  or 
by  heating  the  nitrate  of  mercury  till  all  the  nitric  acid  ii 
expelled,  and  the  mass,  calcined  almost  to  redness,  no  longfr 
emits  vapours  of  nitric  oxide.  As  prepared  by  the  last  procea^ 
oxide  of  mercury  forms  a  brilliant  orange-red  powder,  crystall 
in  plates,  and  having  the  density  1 1 .074.  It  is  very  dark  red  i 
high  temperature,  but  becomes  paler  as  it  cools.  When  rednc 
to  a  fine  powder  it  becomes  yellow,  like  litharge,  without 
shade  of  red.  It  was  found  by  Mr,  Donovan  to  be  solubktoi 
a  small  extent  in  water.  If  contaminated  with  nitric  addtj 
gives  off  nitrous  fumes  when  heated  in  a  glass  tube,  and  a ; 
sublimate  of  subnitrate  also  appears.  This  oxide  is  knowai 
pharmacy  as  red  precipitate^  The  same  substance  is  obt 
by  precipitation,  when  a  solution  of  corrosive  sublimate  I 
mixed  with  an  excess  of  caustic  potash,  as  a  dense  powder  i 
lemon-yellow  colour.  It  is  necessary  to  use  the  potash  in  ei 
otherwise  a  dark  brown  oxichloride  is  formed,  llie  precipiti 
oxide  parts  with  a  little  moisture,  when  gently  heated^  but  { 
not  change  in  appearance.  At  a  red  heat,  the  oxide  of  racf 
is  entirely  volatilised  in  the  form  of  oxygen  and  metallic 
cury. 

When  water  of  ammonia  is  digested  for  several  days  uf 
cipitated  oxide  of  mercury,  the  latter  is  converted  into  a 
ish-%vhite  powder,  which  Dr.  Kane  considers  as   Hg,  NH^4 
2Hg  0+5H0,  or  a  hydrated  compound  of  amide  and  t3fA6»{ 
mercury. 

Sulpkiiret  of  nurcury^  Cinnakar^  HgS,  146?   or  117*55^ 
This  is  the   common  ore  of   mercury,  and  sometimes  oeciii" 
crj^stallized  forming  a  beautiful  vermilion.     It  is  prepared  art* 
ficially,  by  fusing  one  part  of  sulphur  in  a  crucible,  and  : 
to  it  by  degrees  six  or  seven  parts  of  mercury,  stirring  it 
each  addition,  and  covering  it  to  preserve  it  from  cotittd  of  > 
when  it  inflames  from  the  heat  evolved  in  the  combiniti0 
The  product  is  exposed  to  a  sand  bath  heat,  to  expt 
plmr  uncombined  with  mercury,  and   aflorwards  su 
a  glass   matrass  by  a  red   heat.     A   brilliant  red   mnafs^  of 
crystalline  structure  is  thus  < 
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pcmder  fonns  the  lively  red  pigment,  vermilion.  This  sulphuret 
ii  black  before  sublimation.  It  is  precipitited  black  also  when 
sulphuretted  hydrogen  is  sent  through  a  solution  of  corrosive 
flublimate ;  but  is  of  the  same  composition  in  both  states.  The 
sidphuret  of  mercury,  however,  may  be  obtained  of  a  red  colour 
without  sublimation,  or  in  the  humid  way,  by  several  methods. 

Idebig  recommends  for  this  purpose  to  moisten  (he  prepara- 
tion called  white  precipitate,  recently  prepared,  with  the 
fttlphuret  of  ammonium,  and  allow  them  to  dij^est  together. 
The  black  sulphuret  is  instantly  produced,  which  in  a  few 
■fnutfw  passes  into  a  fine  red  cinnabar,  the  colour  of  which  is 
jttiproved  by  digesting  it  at  a  gentle  heat  in  a  strong  solution  of 
tydrate  of  potash.  The  sulphuret  of  ammonium  used  in  this 
iiperiment  is  prepared  by  dissolving  sulphur  in  hydrosul- 
phnret  of  ammonia  to  saturation.  Cinnabar  is  not  attacked  by 
■■l]dluric^  nitric  or  hydrochloric  acid,  nor  by  solutions  of  the 
tlhilirs,  but  it  is  dissolved  by  aqua  regia. 

Ckkride  of  mercury,  Corrosive  sublimate^  \70S.5  or  13G.9. — 
Vhis  ialt  may  be  formed  by  dissolving  red  oxide  of  mercury 
|b  hydrochloric  acid,  or  by  adding  hydrochloric  acid  to  any 
voluble  salt  of  that  oxide,  but  it  is  generally  prepared  in  a  dif- 
finent  manner.  Four  parts  of  mercury  are  added  to  five  parts 
elf  mlphuTic  acid,  and  the  mixture  boiled  till  it  is  converted 
into  a  dry  saline  mass.  The  mercuric  sulphate  thus  obtained 
is  mixed  with  an  equal  weight  of  common  salt,  and  heated 
fldrongly  in  a  retort  by  a  sand  bath  ;  chloride  of  mercury  sub- 
Saaes  and  condenses  in  the  upper  part  and  neck  of  the  retort, 
iriiOe  sulphate  of  soda  remains  behind  with  the  excess  of 
Aloride  of  sodium.  The  mercury  and  sodium  have  exchanged 
l^boes  in  the  salts : 

Na  CI  and  Hg  O,  SO3  =  Hg  CI  and  Na  O,  SO3. 

Mercury,  when  heated  in  a  stream  of  chlorine  gas,  burns  with 
a  pale  flame,  and  is  converted  into  a  white  sublimate  of  chloride. 
Ihe  salt  has  been  prepared  on  a  large  scale  in  tiiis  manner, 
lAieh  was  suggested  as  a  manufacturing  process  by  Dr.  A.  T. 
Thomson. 

Hie  sublimed  chloride  of  mercury  forms  a  crystalline  mass, 
of  which  the  density  is  (9.5;  it  fuses  at  509'^,  and  boils  about 
lilts*.  The  vapour  of  chloride  of  mercury  is  colourless,  its  den- 
ary 9420,  1  volume  of  it  containing  1  volume  of  mercury  vapour 
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and  1  volume  of  chlorine  gas.  This  salt  is  soluble  in  16  porti 
of  cold  and  in  3  parts  of  boiling  water,  in  2^  parts  of  cold  ind 
in  U  part  of  boiling  alcohol,  and  in  3  parts  of  cold  ethor.  It 
is  not  decomposed  by  sulphuric  or  nitric  acid ;  is  largely  dis- 
solved by  the  latter  and  also  by  hydrochloric  acid.  It  is  ob- 
tained by  sublimation  and  from  solution,  in  two  different  cry^ 
talline  forms.  The  solutions  of  cliloride  of  mercury  exposed  (o 
the  direct  rays  of  the  sun  evolve  oxygen,  while  hydrochloric  add 
is  dissolved  and  subchloride  of  mercury  precipitates.  The  decom- 
position of  this  salt,  by  the  action  of  light,  is  greatly  more  npid 
when  the  solution  contains  organic  matter.  The  poisonou 
action  of  chloride  of  mercury,  which  is  scarcely  inferior  to  tint 
of  arscnious  acid,  is  best  counteracted  by  liquid  albumen,  wiA 
which  chloride  of  mercury  forms  an  insoluble  and  inert  ooa»- 
pound. 

The  solution  of  chloride  of  mercury  affords  a  yellow  or  bnm 
precipitate  with  the  hydrates  of  potash  and  soda,  and  with  liae 
water ;  a  black  precipitate  with  sulphuretted  hydrogen,  and  t 
fine  scarlet  precipitate  with  iodide  of  potassium.  Mercuiyii 
thrown  down  from  that  solution  by  metallic  copper.  A  drap 
of  the  solution  does  not  tarnish  polished  gold,  but  if  tk 
moistened  surface  be  touched  l)y  zinc  or  iron,  mercury  is  im- 
mediately precipitated,  and  produces  a  blue  stain  upon  the 
surface  of  the  gold,  while  the  common  metal  dissolves. 

Chloride  of  mercury  and  ammonia, — Wlicn  chloride  of  mer- 
cury is  gently  heated  in  a  stream  of  ammoniacal  gas,  the  latter 
is  absorbed,  and  the  compound  fuses  from  heat  evolved  in  the 
combination.  The  product  was  found  by  Rose  to  contain  hilf 
an  equivalent  of  chlorine,  2lIgCl+NH3.  This  compoiud 
boils  at  590>  and  may  be  distilled  witliout  loss  of  ammonia;  it 
is  decomposed  by  water.  When  the  double  chloride  of  meiturr 
and  ammonium,  called  sal  alembroth,  is  precipitated  by  potash 
in  the  cold,  a  white  powder  is  obtained,  which  was  first  dis- 
tinguished by  Wcihler  from  the  compound  next  described ;  it* 
composition  may  be  expressed,  from  tlie  analysis  of  Dr.  Kane, 
by  HgCl-l-NH3.  The  same  compound  is  also  formed  when 
ammonia  is  added  to  a  solution  of  sal  ammoniac,  and  chloride  ol 
mercury  dropt  into  tlie  Uquid,  brouglit  to  the  boiling  point,  so 
long  as  the  precipitate  which  is  produced  is  rcdissolvcd.  "Hw 
compound  appears  on  the  cooling  of  the  solution,  in  smaD 
crystals,  which  arc  garnet  dodekahcdrons  (Mitscherlich).    TTtf 
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Ciystelfine  fonn  of  this  compound,  therefore,  belongs  to  the 
VBguIar  system,  like  that  of  sal  ammoniac. 

^le  compound  known  as  white  precipitate^  is  formed  when 
lunmonia  is  added  to  a  solution  of  chloride  of  mercury.  When 
fint  produced,  it  is  bulky  and  milk  white ;  it  is  decomposed  by 
haft  water  or  by  much  washing  with  cold  water,  and  acquires  a 
jrikm  tinge.  Dr.  Kane  has  demonstrated  that  white  precipi- 
tate is  free  fiom  oxygen,  and  contains  nothing  but  the  elements 
of  a  doable  chloride  and  amide  of  mercury,  and  represents  it 
bjthe  formula,  HgCl+HgyNH,.  White  precipitate  is  dis- 
tingnished  firom  calomel  by  solution  of  ammonia,  which  does 
not  alter  the  former,  but  blackens  the  latter ;  it  is  readily  dis- 
nlved  by  adds.  Mitscherlich  has  observed  that  when  white 
pracipitate  is  gradually  heated  by  a  metal  bath,  and  the  heat  con- 
tfamed  for  a  long  time,  three  atoms  of  it  lose  two  atoms  of  am- 
',  and  one  atom  of  chloride  of  mercury,  while  a  red  matter 
in  crystalline  scales,  having  much  the  appearance  of 
nd  oxide  of  mercury  produced  by  the  oxidation  of  the  metal 
%r  war,  which  contains  two  atoms  of  chloride  of  mercury  united 
-Vilih  a  compound  of  one  atom  of  nitrogen  and  three  atoms  of 
-fBercnry,  2HgCl-fNHg3.  He  concludes,  that  the  atom  of 
^wliite  precipitate  should  be  multiplied  by  three,  its  decomposi- 
Am  by  the  heat  of  the  metal  bath  would  then  be  represented 
ihaa: 

.SHga+S(Hg,NHj  =  2HgCl+NHg3  and  2NH3  and  HgCl. 

^  The  red  compound  is  itself  decomposed  by  a  temperature 
dbofe  6800,  and  resolved  into  chloride  of  mercury,  mercury  and 
-sitrogen.  It  is  insoluble  in  water,  and  is  not  altered  in  boiling 
aolmftions  of  the  alkalies.  It  may  be  boiled  without  change  in 
Anted  or  concentrated  nitric  acid,  and  in  pretty  concentrated 
iilphnrir  acid,  but  it  is  decomposed  and  dissolved  when 
ImOed  in  the  most  concentrated  sulphuric  acid  or  in  hy- 
Arodiknic  add;  no  gas  is  evolved,  but  chloride  of  mer- 
WOf  and  ammonia  are  found  in  the  acid  solution.  The 
,.Mni|Krand  NHg,  is  not  isolated,  by  passing  ammonia 
fovpr  the  heated  red  compoimd.  Mercury  conducts  itself 
'in  Aeae  compounds  in  the  same  way  as  potassium  with 
ammonia;  the  olive  coloured  substance  produced  by  the  action 
•cf  dry  ammonia  upon  potassium  being  the  amide  of  potassium, 
8(K,  NH^,  and  the  plumbago  looking  substance  left  on  heating 

u  u  2 


G58  MERCURY. 

the  amide  of  potassium^  when  ammonia  escapes^  a  oompoond 
of  nitrogen  and  potassium,  NK3.* 

When  white  precipitate  is  boiled  in  water,  it  is  changed  into 
a  heavy  canary  yellow  powder,  which  Dr.  Kane  has  shewn  to 
be  a  compound  of  the  double  chloride  and  amide  of  mennuj 
with  oxide  of  mercury,  Hg  CI  +  Hg,  NH^  -f  2HgO.  Two  atoms 
of  water  are  decomposed  in  its  formation,  the  two  atoms  of  oxy< 
gen  which  are  found  in  the  yellow  compound,  whQe  the  two 
atoms  of  hydrogen,  added  to  an  atom  of  chlorine  and  an  atom 
of  amidogen,  form  an  atom  of  hydrochlorate  of  ammonia  which 
is  found  in  solution  : 

2(HgCl+HgNH2)&2HO=Hga+Hg,NHa+2HgO&NH^a 

Solutions  of  potash  and  soda  convert  white  precipitate  into 
the  same  yellow  substance,  while  a  metallic  chloride  is  fanad 
and  ammonia  evolved  (Kane). 

Oxichloride  0/ mercury, — When  a  solution  of  corrosive  lahfi- 
mate  is  precipitated  by  potash  or  soda,  mercuric  oxide  gOM 
down  in  combination  with  a  portion  of  chloride,  as  a  bitm 
precipitate,  unless  a  considerable  excess  of  alkali  be  employei 
The  same  oxicliloridc  is  produced  by  an  alkaline  carbonate,  bat 
a  double  carbonate  is  then  also  formed.  Chloride  of  mercarr 
is  not  immediately  precipitated  by  the  bicarbonates  of  potask 
and  soda,  and,  hence,  that  salt  may  be  employed  to  detect  the 
presence  of  a  neutral  alkaline  carbonate  in  these  bicarbonates. 
This  oxichloride  may  also  be  formed  by  passing  chlorine  through 
a  mixture  of  water  and  oxide  of  mercury.  It  may  be  obtained 
crystalline  and  of  a  very  dark  colour,  almost  black,  l)y  mixing 
corrosive  sublimate  with  chloride  of  lime,  and  boiling  the  liquidi 
or  by  treating  a  solution  of  corrosive  sublimate  with  bicarbonile 
of  potash,  and  allowing  the  solution  to  stand  in  an  open  vessel 
when  car1)onic  acid  gradually  escapes,  and  the  compound 
IIgCl*f4HgO  is  deposited.  This  oxichloride  is  decomposed  br 
a  moderate  heat,  chloride  of  mercury  sublimes  and  the  red 
oxide  is  left. 

Chloride  and  svlphurel  of  mercury^  Hg  Cl-h2Hg  S. — When 

sulphuretted  hydrogen  gas  is  i)assed  through  a  solution  of  chioridr 

of  mercury,  the  precipitate  which  first  appears,  and  does  noi 

subside  readily,  is  white ;  it  has  been   shown  by  Rose  to  be  a 

*  Nfilsclicrliih  in  Pc»trsri*iuIorflr»  Aimulon,  vol.  ;>•».  p.  40;». 
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Bompound  of  chloride  and  sulphuret  of  mercury.  This  sub* 
stance  is  changed  entirely  into  sulphuret  of  mercury,  when  left 
in  water  containing  sulphuretted  hydrogen.  On  the  other  hand, 
predpitated  sulphuret  of  mercury  digested  in  a  solution  of  chlo- 
ride of  mercury,  takes  down  that  salt  and  forms  the  compoimd 
in  question.  Sulphuret  of  mercurj^  combines  likevrise  with  the 
biomide^  iodide,  fluoride  and  nitrate  of  mercury,  and  always  in 
fte  proportion  of  two  atoms  of  the  sulphuret  to  one  atom  of  the 
otter  salt. 

Doubk  salts  of  chloride  of  mercury. — Chloride  of  mercury  was 
found  by  M.  Bonsdorff  to  combine  with  chloride  ofpotasnum  in 
diree  different  proportions,  forming  a  series  of  salts  in  which  the 
ohloride  of  potassium  remains  as  one  equivalent,  while  the  chloride 
of  mercury  goes  on  increasing.  They  arc,  KCl  +  HgCl  +  HO, 
irtueh  crystallizes  in  large  transparent  rhomboidal  prisms ;  KCl 
+8HgCl  +  2HO  crystalliKing  in  fine  needle-like  amianthus; 
and  KCl+4Hg  CI +  4  HO,  which  crystallizes  also  in  fine  needles. 
CUoride  of  sodium  forms  only  one  compound,  Na  C1  + 
SHgCl+4HO  which  crystalUzes  in  fine  regular  hcxahedral 
ptiams.  One  of  the  double  salts  of  chloride  of  ammonium  has 
long  been  known  as  sal  alembroth.  It  crystallizes  in  flattened 
riumiboidal  prisms,  NH^  Ci+Hg  Cl  +  HO,  and  is  isomor* 
pbona  with  the  corresponding  potash  salt.  It  loses  the 
water  it  contains  in  dry  air,  without  change  of  form.  Dr. 
Kane  has  also  obtained  NH4Cl  +  2Hg  CI,  and  the  same 
with  an  atom  of  water,  NH^  Cl  +  2llg  Cl  +  IIO,  the  first 
in  a  rhomboidal  form,  and  the  second  in  long  silky  needles. 
AH  these  double  chlorides  are  obtained  by  dissolving 
lliair  constituent  salts  together  in  the  proi)er  proportions. 
CUorkks  of  barium  and  strontium  form  compounds  in 
;  crystals  with  chloride  of  mercury,  Ba  Cl  +  2Hg  C1  +  4HO, 
8rCl+2HgCl-f2HO.  CUoride  of  calcium  combines 
two  proportions  with  the  mercurial  chloride.  When  chlo- 
of  mercury  is  dissolved  to  saturation  in  chloride  of  cal- 
fliam,  tetrahedral  crystals  separate  from  the  solution,  which  are 
piatty  persistent  in  air,  Ca  Cl  +  5Hg  C1  +  8I10.  After  the 
dspoaition  of  these  crystals,  tlie  liquid  aflbrds,  when  evaporated 
\tf  a  gentle  heat,  a  second  crop  of  large  prismatic  crystals,  Ca  CI 
+2Hg  CI  -f  6HO,  which  are  very  deliquescent.  Chloride  of  may- 
nemm  also  forms  two  salts,  Mg  Cl+3llg  Cl  +  IiO,  and  Mg  CI 
.+HgCl+0lIO,  both   deliquescent.     Chloride  of  nickel  gwes 
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two  compounds,  of  which^  one  crystallises  in  tetri^edroiii|1ll)| 
the  chloride  of  calcium  salt.  Chloride  of  manganese  forasa 
compound  in  good  crystals,  Mn  C1+ Hg  C1  +  4HO.  Chh* 
rides  of  iron  and  zinc  form  similar  isomorphous  salts,  Fc  C1+ 
Hg  CI  H-  HO,  and  Zn  CI  +  Hg  CI  +  HO,  The  double  chloridei 
of  sine  and  of  mangauese  are  remarkable  in  one  resped; 
that  chloride  of  mercury  dissolyed  by  them  in  excess,  crystalliM 
by  evaporation  in  fine  large  crystals,  such  as  cannot  be  obtaml 
in  any  other  way.  Chlorides  of  cobalt ^  nickel  mid  copper  fom 
similar  crytallizable  salts ;  but  chloride  of  lead,  on  the  coatnrfi 
does  not  appear  to  form  a  double  salt  with  chloride  of  mercvy 
(BonsdorfT). 

Bromide  of  mercury ^  Hg  Br,  2244,1  or  179.82. — This  siltii 
obtained  by  treating  mercury  with  water  and  bromine.  It  is 
colourlessj  soluble  in  water  and  alcohol^  and  when  heated,  hn^ 
and  sublimes,  exhibiting  a  great  analogy  to  chloride  of  m^t^tj 
in  its  properties.  Its  density  in  the  state  of  vapour  is  Xi^T^ 
Bromide  of  mercury  forms  a  similar  compound  with  sulphufd 
of  mercury  Hg  Br  +  2Hg  S,  which  is  yellowish.  It  was  »bo 
combined,  by  BonsdorflF,  with  a  variety  of  alkaline  and  earthy 
bromides.  Bromide  of  mercury  combines  with  half  an  eqiufi- 
lent  of  ammonia,  i^  the  dry  way,  and  also  gives  a  white  precipe 
tate,  with  solution  of  ammonia^  analogous  to  that  derived  fiofll 
chloride  of  mercury. 

Iodide  of  mercury^  Hg  I,  2845,3  or  228.— It  falls  aa  i  pm- 
cipitate  of  a  fine  scarlet  colour^  when  iodide  of  potassium  ii 
added  to  a  solution  of  chloride  of  mercury.  It  may  also 
obtained  by  triturating  its  constituents  together,  in  the 
proportion,  \^dth  a  few  drops  of  alcohol.  To  procure  it  fa 
crystals,  M,  Mitscherlich  dissolves  iodide  of  mercury  to 
tion,  in  a  hot  concentrated  solution  of  the  iocUdc  of 
and  mercury,  and  allows  the  solution  to  cool  gradually,  WhfO 
heated  moderately,  iodide  of  mercury  becomes  yellow ;  tl  • 
higher  temperature  it  fuses  and  sublimes,  condensing  in  rluNA^ 
boidal  plates  of  a  fine  yellow  colour.  The  forms  of  the  rediaJ 
yellow  crystals  are  totally  different,  so  that  the  chmige  of  uoto* 
is  due  to  the  dimorphism  of  iodide  of  mercury,  TTie  yribv 
crystals  generally  return  gradually  into  the  red  stmte,  when  colA 
and  this  change  may  be  determined  at  once  by  scTfttdiijif  At 
surface  of  a  crystal,  or  by  crushing  it.  The  density  of  iodide^ 
mercury  in  the  state  of  Tapour^  ia  13,6*80;  it  is  the  hmmAvt 
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gueouB  bodies.  Iodide  of  mercury  is  slightly  soluble  in  water, 
bat  requires  more  than  6000  times  its  weight  of  water  to  dissolve 
k.  It  is  much  more  soluble  in  alcohol  and  in  acids,  particularly 
with  the  assistance  of  heat.  Iodide  of  mercury  is  very  soluble 
in  iodide  of  potassium ;  it  is  also  dissolved  by  a  hot  solution 
•f  chloride  of  mercury. 

When  treated  with  sulphuretted  hydrogen  water,  iodide  of 
(Mvcory  forms  the  compound  Hg  I  +  2Hg  S,  which  is  yellow. 
Iodide  of  mercury  absorbs  a  whole  equivalent  of  dry  ammo- 
jtfttcal  gas,  Hgl-fNH,.  The  compound  is  white,  but  loses 
ammonia  in  the  air  and  becomes  red.  Iodide  of  mercury  unites 
inth  other  iodides,  and  forms  a  class  of  salts  as  extensive  as  the 
Compounds  of  chloride  of  mercury.  They  have  been  studied 
hfj  M.  P.  Boullay.*  Iodide  of  mercury  also  combines  with 
^Uorides;  it  is  dissolved  by  a  hot  solution  of  chloride  of  mer* 
tarjf  and  two  compounds  have  been  ol)tained  on  the  cooling  of 
Ae  solution,  a  yeUow  powder,  Hg  I  +  Ilg  CI,  and  white  dendritic 
crystals,  Hg  I +  2Hg  CI. 

Cyanide  of  mercury,  Hg  Cy,  1595.7  or  127.87.— This  salt  is 
most  easily  obtained  by  saturating  hydrocyanic  acid  with  red 
onde  of  mercury.  To  prepare  the  hydrocyanic  acid  required, 
tfie  process  of  Winkler  may  be  followed.  Fifteen  piirts  of 
ftnocyanide  of  potassium  are  distilled  with  13  parts  of  oil 
of  vitriol  diluted  with  100  parts  of  water,  and  the  distillation 
.  continued  by  a  moderate  heat  nearly  to  dryness,  ^llie  vapour 
tthoold  be  made  to  pass  through  a  Liel)ig's  condensing  tube, 
■nd  be  afterwards  received  in  a  flask  containing  30  parts  of 
water.  A  portion  of  the  condensed  hydrocyanic  acid  is  put 
ande,  and  the  remainder  mixed  with  16  parts  of  oxide  of  mer- 
■cury  in  fine  powder,  and  well  agitated  till  the  odour  of  hydro- 
oyanic  add  b  no  longer  perceptible.  The  solution  is  drawn 
■off  from  the  undissolved  oxide  of  mercury,  and  the  reserved 
portion  of  hydrocyanic  acid  mixed  with  it.  The  last  addition  is 
necessary  to  saturate  a  portion  of  oxide  of  mercury,  which 
cyanide  of  mercury  dissolves  in  excess.  This  operation  yields 
18  parts  of  the  salt  in  question.  Cyanide  of  mercury  crystal- 
lises in  square  prisms,  which  arc  anliydrous,  and  resembles 
diloride  of  mercury  in  its  soluMiity  and  poisonous  qualities. 
The  red  oxide  of  mercury,  even  when  dry,  absorbs  hydrocyanic 

•  An.  de  China,  ct  de  Phys ,  t.  34,  p.  337. 
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acid|  with  the  formation  of  water  and  evolation  of  heat.  The 
affinity  of  mercury  for  cyanogen  appears  to  be  particnlaAj 
intense ;  oxide  of  mercury  decomposing  all  the  cyanides,  etca 
cyanide  of  potassium  and  liberating  potash.  Cyanide  of  mer- 
cury is  consequently  not  precipitated  by  potash.  Nor  is  il 
decomposed  by  any  acid,  with  the  exception  of  hydrochbii^ 
hydriodic  and  sulphuretted  hydrogen.  By  a  heat  approaching 
to  redness,  cyanide  of  mercury  is  decomposed,  and  resolved  inls 
mercury  and  cyanogen  gas.  When  hydrocyanic  acid  is  digested 
upon  mercurous  oxide,  the  mercuric  cyanide  dissolves,  sad 
metallic  mercury  is  liberated. 

Oxicyanide  of  mercury,  Hg  Cy+Hg  O,  appears  when  hydio- 
cyanic  acid  of  considerable  strength  (10  or  20  per  cent)  ii 
agitated  with  red  oxide  of  mercury  in  large  excess,  as  a  white 
powder  intermixed  with  the  red  oxide.  It  is  sparingly  sokbb 
in  cold  water,  but  may  be  dissolved  out  by  hot  water,  and 
crystallizes  on  cooling  in  transparent  four  sided  acicular  prismi. 
When  heated  gently,  it  blackens  slightly,  and  then  explodeii 
(Mr.  Johnston,  Phil.  Trans.  1839,  p.  113). 

Cyanide  of  mercury,  when  digested  upon  red  oxide  of  mercaiy, 
dissolves  a  large  quantity  of  it,  and  forms,  according  to  M.  Kubn, 
a  trihasic  cyanide  of  mercury^  Hg  Cy  +  3HgO,  which  is  more 
soIuI)le  in  water  than  the  neutral  cyanide,  and  crj'stallizes  vith 
more  difficulty  in  small  acicular  crystals. 

Cyanide  of  mercury  and  poiassiumy  KyCy-f  HgCy,  is  formed 
on  dissolving  cyanide  of  mercury  in  a  solution  of  cyanide  of 
potassium,  and  crystallizes  in  regular  octohcdrons.  Cyanide  of 
mercury  forms  also  crystal lizable  double  salts  with  other 
cyanides,  such  as  the  cyanides  of  sodium,  barium,  calciom, 
magnesium,  8cc.  It  also  combines  with  chlorides,  bromides^ 
iodides,  and  also  with  several  oxi-salts,  such  as  chromate  and 
formiate  of  potash,  i>(KO,  Cr  O3)  +  Ilg  Cy  and  KO,  F  +  HgCf. 
Sulphate  of  mercury ^  Mercuric  suiphaiCj  HgO,  SO3  ;  ISCJ  er 
M9.6 — It  is  formed  by  boiling  5  parts  of  sulphuric  acid  upon 
4  parts  of  mercury,  till  the  metal  is  converted  into  a  dry  saline 
mass.  Sulphate  of  mercury  is  a  white  crystalline  salt,  neutral 
in  composition,  but  which,  like  most  of  the  neutral  salts  of 
mercury,  cannot  exist  in  solution.  It  gives  a  dense  yellov 
powder  when  rlcconiposed  by  water,  and  sulphuric  acid  is 
dissolved.  TJiis  subsulphatc  is  known  as  turbith  mineral^  a 
name  applied  to  it  by  the  old  chemists,  bcciiuse  it  was  sup{)0sed 
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I  produce  effects  in  medicine  analogous  to  those  of  a  root 
»rmerly  employed^  and  known  as  convolvulus  turpcthum. 
he  composition  of  turbith  mineral  is  HgO,  S03  +  2HgO 
£ane).  Solution  of  ammonia  converts  both  the  neutral  sul- 
hate  and  turbith  mineral  into  a  heavy  powder,  which  Dr.  Kane 
sines  ammorUO'turbithj  and  finds  to  be  ligO,  SO3  +  Hg,  Nil,  + 
BgO.  It  is,  therefore^  analogous  in  composition  to  the  yellow 
Dwder  produced  by  the  decomposition  of  white  precipitate. 

Nitrates  qf  the  red  oxide  of  mercury^  Mercuric  nitrates. — 
be  neutral  nitrate  cannot  be  crystallized,  but  it  exists  in 
dution,  when  chloride  of  mercury  is  precipitated  by  nitrate  of 
Iver,  When  red  oxide  of  mercury  is  dissolved  in  nitric  acid, 
r  when  the  metal  is  dissolved  in  the  same  acid  with  ebullition, 

II  a  drop  of  the  solution  no  longer  occasions  a  precipitate  in 
rater  containing  a  soluble  chloride,  a  subnitrate  is  formed 
ryatallixing  in  small  prisms,  which  are  deliquescent  in  damp 
ir.  Its  composition  is  expressed  by  Hg  O,  NO5  +  HgO  +  2HO. 
t  is  the  only  crystallizable  nitrate  of  this  oxide.  Decomposed 
y  water,  this  salt  yields  yellow  subnitrate,  which  when  washed 
a  its  preparation  by  warm,  but  not  boiling  water,  is  HO,  NO5 
f  SHgO.  When  the  subnitrate  is  prepared  by  boiling  water,  it 
laa  ared  colour,  and  probably  consists  of  NOg  +  GlIg  O  (Kane). 

Nitrate  of  mercury  affords  several  compounds  when  treated 
nth  ammonia.  When  a  dilute,  and  not  vcrj'  acid  solution  of 
hat  salt  is  treated  in  the  cold,  by  weak  water  of  ammonia 
lot  added  in  excess,  a  pure  milk-white  precipitate  appears, 
rhich  is  not  granular,  and  remains  suspended  in  the  liquid 
iar  a  oonsiderable  time.  It  was  analyzed  by  G.  Mitscherlich, 
od  to  distinguish  it  from  some  other  salts  containing  the  same 
onstituents,  I  shall  name  it  Mitscherlich' s  ammonia  subnitrate, 
!t  contains  NO5, 3UgO  and  JNH,,  which  Dr.  Kane  would  arrange 
fauB,  NH3,  NOg  +  SHgO,  making  the  ammonia  or  amide  of 
lydrogen  basic  to  the  acid.  The  preceding  compound  is  altered 
n  its  appearance  by  boiling  water,  and  becomes  much  heavier 
Old  more  granular  forming  Soubeirans  ammonia  subnitrate^  the 
ximposition  of  which  Dr.  Kane  finds  to  be  HgO,  NO^  +  Hg, 
E>THf+2HgO;  or  it  resembles  in  constitution  the  bodies  already 
kacribed  containing  chlorine  and  sulphuric  acid.  The  yellow 
nrgsialUne  ammonia  subnitrate,  a  third  compound,  was  obtained 
)y  6.  Mitscherlich  by  boiUng  the  ammonia  subnitrate  with  an 
acess  of  ammonia,  and  adding  nitrate  of  ammonia  by  which  a 
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portion  of  the  powder  is  dissolved ;  the  solation^  as  it  oools  and 
loses  ammonia,  yields  small  crystalline  plates  af  a  pale  fdlcMr 
colour.  The  constituents  of  this  salt  are  NO^,  2HgO  and  Nll^ 
Dr.  Kane  doubles  its  equivalent  and  represents  it  as  a  com|>(Hutd 
of  Soubeiran's  salt  with  nitrate  of  ammonia,  as  it  appcan  to  Ix 
produced  by  the  solution  of  the  former  salt  in  the  latter^  (HgO, 
NO5  +  Hg,  NH3  H- 2HO)  +  NHp,  NO5,  Soubeirau's  ammo- 
nia subnitrate  Is  dissolved  in  considerable  quantity,  whm 
boiled  in  a  strong  solution  of  nitrate  of  ammonia  and  the  soln- 
tion  deposits,  on  cooling,  small  but  very  brilliant  needles,  which 
were  observed  and  analyzed  by  Dr.  Kane,  Kon^B  mnmmtia  nk- 
nitrate  is  decomposed  by  water,  nitrate  of  ammonia  disitolviiig 
and  Soubeiran's  sub-salt  being  left  undissolved.  It  coiit 
the  elements  of  3(NH^O,  NO5)  and  4  HgO.  Dr.  Kane 
that  it  is  most  likely  to  contain  Soubeiran's  subnitrate 
formed,  which  leaves  2  atoms  of  nitrate  of  ammonia  and  2  1 
of  water  to  be  otherwise  disposed  of.* 

Nitrate  of  mercury  forms  an  insoluble  compound  with  fat 
phuret  of  mercury,  HgO,  NOg-l-SHgS,  resembling  the  00«' 
pounds  of  the  sulphate  and  chloride  with  sulphuret  of  meroiif. 
It  also  forms  double  salts  with  iodide  and  cyanide  of  meicoif* 
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SILVER. 
Eq.  135L6  or  108.3 ;  Ag  {argentum). 

This  metal  is  found  in  various  parts  of  tlie  world,  and  oc- 
curring often  in  the  metallic  state  and  being  easily  mdled  mil* 
have  attracted  the  attention  of  mankind  at  an  early  perioi 
Before  the  discovery  of  America,  the  silver  mines  of  Sa&ooj 
were  of  considerable  importance,  but  the  silver  minejt  of  Mesoo 
and  Peru  far  exceed  in  value  the  whole  of  tiie  £un>pean  m' 
Asiatic  mines ;  the  former  have  furnished  during  the  \ml  tM> 
centuries,  according  to  Humboldt,  316  millions  of  poonditAf 
of  pure  silver. 

A  considerable  quantity  of  silver  is  obtained  from  ores  ofki^ 
by  cupellation,  as  has  already  been  described  under  that  nic^iL 
The  native  silver,  which  is  in  the  condition  of  threads  or  thiB 

*  Tmoa.  of  tbe  Roynl  Imh  Academy,  vol.  xix.  pt  t  i  or,  An,  <!«  Cb.  0t  ir  !%•  (• 
72,  p.  225. 
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^BB^  Is  separated  from  the  ganguc  or  accompanying  rock,  by 
^tffyomo^iofif  a  process  which  is  also  folJowed  in  the  treatment 
>f  the  most  frequent  ore  of  silver,  the  sulphuret,  when  it  is  not 
locompanied  by  sulphuret  of  lead.     The  last  ore,  ground  to 
powder,  is  roasted  in  a  reverberatory  furnace  with  10  per  cent 
of  chloride  of  sodium,  by  which  the  silver  is  converted  into 
chloride.     It  is  then  introduced  into  barrels,  with  water,  iron 
and  a  quantity  of  metallic  mercury,  and  the  materials  kept  in 
i  state  of  agitation  for  eighteen  hours  by  the  revolution  of  the 
barrelB  on  their  axes.  The  chloride  of  silver,  although  insoluble, 
is  reduced  to  the  metallic  state  by  the  iron,  and  chloride  of  iron 
is  produced,  while  the  silver  forms  a  fluid  compound  with  the 
|taprcury.     By  adding  more  water  and  turning  tlie  barrels  more 
^Bwly,  the  fluid  amalgam  separates  and  subsides.     It  is  drawn 
off  and  subjected  to  pressure  in  a  chamois  leather  bag ;    the 
passes  through  the  leather,  while  a  soft  amalgam  of 
'  remains  in  the  bag.     The  mercury  is  afterwards  separated 
this  amalgam,  by  a  species  of  distillation,  per  descensum, 
Ithe  silver  remains.     Where  machinery  cannot  be  applied 
I  iron  is  not  used,  the  waste  of  mercury  in  the  amalgamation 
>  considerable.     Mr.  P.  Johnston  proposes  to  diminish  the  loss 
'  mercury,  as  soluble  chloride,  which  then  occurs,  by  using  an 
imalgam  of  zinc  and  mercury,  instead  of  pure  mercury. 
B  Silver  is  obtained  free  from  other  metals  and  in  a  state  of 
^irity,  for  chemical  and  other  purposes,  in  two  different  w^ays. 
1.  The  metal  is  dissolved  in  pure  nitric  acid,  slightly  diluted, 
and  precipitated  by  a  solution  of  chloride  of  sodium  ;   the  salts 
;  the  other  metals  present  remain  in  solution.     Tlie  insoluble 
>ride  of  silver,  thus  obtained,  is  washed  well  upon  a  filter  with 
water  and  dried.     A  quantity  of  carbonate  of  potash,  equal 
f  twice  the  weight  of  the  silver,  is  fused  in  a  crucible,  and  the 
oride  of  silver  gradually  added  to  it ;  chloride  of  potassium 
[>nned,  and  carbonic  acid  and  oxygen  escape  with  efferves- 
ace.     The  crucible  is  then  exposed  to  a  sufficient  heat  to  fuse 
itm  reduced  silver,  which  subsides  to  the  bottom.     2.  The  mode 
of  tepiirating  silver  from  the  common  metals,  \n  the  ordinary 
ISBfdice  of  assaying,  is  like  many  metaUurgic  operations,  an 
eioeedingly  elegant  and  refined  process.    A  portion  of  the  silver 
a&ofy  the  asiay^  is  fused  with  several  times  its  weight  of  pure 
kad  (an  alloy  of  I  copper  and  15  silver  with  9tJ  lead  for  instance) 
tipon  a  bune-^arth  cupel,  which  is  supported  in  a  little  oven  or 
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muffle,  heated  by  a  proper  furnace.  Air  being  allowed  i 
the  assay,  the  lead  is  rapidly  oxidated,  and  its  highly  fonUfi 
oxide  imbibed,  as  it  is  produced,  by  the  porous  cupd.  The 
disposition  of  copper  and  other  common  metals  to  oxidate  ii 
increased  by  the  presence  of  the  lead,  and  their  oxides,  which 
form  fusible  compounds  with  oxide  of  lead,  are  removed  in 
company  with  the  latter.  When  the  foreign  metal  is  neulf 
entirely  removed,  the  assay  is  observed  to  become  rounder  and 
more  brilliant,  and  the  last  trace  of  fused  oxide  occasioiu  • 
beautiful  play  of  prismatic  colours  upon  its  surface,  after  wlucb, 
the  assay  becomes,  in  an  instant,  much  whiter^  or  flashm^  an 
indication  that  the  cupeUation  is  completed. 

Pure  silver  is  the  whitest  of  the  metals,  and  susceptible  of 
the  highest  polish ;  when  granulated  by  being  poured  fiom  a 
height  of  a  few  feet  into  water,  its  surface  is  rough,  but  iti 
aspect  peculiarly  beautiful.  It  crystallizes  in  the  cube  and  re- 
gular octohedron,  both  firom  a  state  of  fusion  and  by  precipita- 
tion from  solution.  Silver  is  in  the  highest  degree  ductile  and 
malleable ;  its  density  varies  between  10.474  and  10.542,  it  fiuei 
at  1873°.  When  in  the  liquid  state,  it  is  capable  of  absorbiiig 
oxygen  gas  from  the  air,  which  is  discharged  again  in  the  solidi- 
fication of  the  metal,  and  gives  rise  to  a  sort  of  vegetation  upon 
its  surface,  or  even  occasions  tlic  projection  of  small  portioni 
of  the  silver  to  a  distance,  an  accident  which  is  known  in  assay- 
ing as  the  spitting  of  the  metal.  Gay-Lussac  observed  that 
when  a  little  nitre  was  thrown  upon  the  surface  of  melted  silver 
in  a  crucible,  and  the  whole  kept  in  a  state  of  fusion  for  half 
an  hour,  a  very  considerable  absorption  of  oxygen  took  place. 
When  the  crucible  was  removed  from  the  fire  and  quickly 
placed  under  a  bell  jar  filled  with  water,  which  can  be  done 
without  danger,  the  silver  discharged  a  quantity  of  oxygen 
equal  to  20  times  its  volume.  This  property  is  possessed  only 
by  pure  silver,  it  does  not  appear  at  all  in  silver  containing  1  or 
2  per  cent  of  copper.  As  oxide  of  silver  is  reduced  by  a  red 
heat,  the  a1)sorption  of  the  oxygen  by  the  fluid  metal  must  be 
a  phenomenon  of  a  diflferent  nature  from  simple  oxidation. 

Silver  does  not  combine  with  the  oxygen  of  the  air  at  the 
usual  temperature,  nor  even  when  heated;  the  tarnishing  ot 
polished  silver  in  air  is  occasioned  by  the  formation  of  sulphunt 
of  silver.  Silver  docs  not  dissolve  in  any  hydrated  acid.,  by 
substitution  for  hydrogen,  but  on  the  contrary,  it  is  disj)U\*d 
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from  a  solution  in  nn  acid,  by  hydrogen  and  precipitated  in 
the  metallic  state.  This  metal  is  also  precipitated  by  merniry 
and  all  the  more  oxidable  metals.  Its  salts  are  reduced  at  the 
usual  temperature  by  sulphate  of  iron,  of  which  the  protoxide 
ii  converted  into  peroxide.  But  if  the  ])ersulphate  of  iron  be 
boiled  upon  the  precipitated  silver,  the  latter  is  dissolved  again, 
and  oxide  of  silver  and  protoxide  of  iron  reproduced.  Silver, 
however,  is  oxidated  when  fused  or  heated  strongly  in  contact 
with  substances  for  which  oxide  of  silver  has  a  great  aftinity, 
as  with  a  siliceous  glass,  and  stains  the  glass  yellow.  It  is 
oxidated  by  concentrated  sulphuric  acid,  with  the  escape  of 
■ulphurous  acid.  Silver  is  readily  dissolved  by  nitric  acid,  with 
a  gentle  heat,  and  with  much  violence,  at  a  high  temperature, 
nitrate  of  silver  is  formed  and  nitric  oxide  escapes.  Silver 
combines  in  three  proportions  with  oxygen  forming  a  suboxide, 
AggO,  protoxide  AgO  and  peroxide  AgC)^. 

Suboxide  of  silver,  Ag^O. — The  existence  of  this  oxide  has 
only  very  recently  been  established  beyond  doubt  by  M.  Wtih- 
ler.  The  pure  protoxide  of  silver  is  completely  reduced  to  the 
state  of  metal  by  hydrogen  gas,  at  212";  but  the  oxide  con- 
tained in  citrate  of  silver  loses  only  half  its  oxygen  in  the  same 
cix€umstances,  the  suboxide  being  formed  and  remaining  in 
eombination  with  one  half  of  the  citric  acid  of  the  former  salt. 
The  solution  in  water  of  the  suboxide  salt  is  dark  brown,  and 
the  suboxide  is  precipitated  black  from  it  by  potash.  When 
the  solution  of  the  subsalt  is  heated,  it  becomes  colourless,  and 
metallic  silver  appears  in  it.  The  salt  dissolves  of  a  brown  co- 
loar  in  ammonia.  Several  other  salts  of  silver,  containing  or- 
ganic adds,  comport  tliemselves  in  the  same  way  as  the  citrate, 
when  heated  in  hydrogen."*^ 

Protoxide  of  silver ,  AgO,  1451.6  or  116.3. — It  is  thrown 
down  when  potash  or  lime-water  is  added  to  a  solution  of  ni- 
tiate  of  silver,  as  a  brown  powder,  which  becomes  of  a  darker 
eolour  when  dried.  The  powder  was  found  to  be  anhydrous  by 
Gaj-Lussac  and  Thenard  ;  its  density  is  7-Hd,  according  to  He- 
lapath.  Oxide  of  silver  is  a  powerful  base,  and  forms  salts,  se- 
veral of  which  have  been  found  isomorphous  with  the  corres- 
ponding salts  of  soda.  It  is  soluble,  like  oxide  of  lead,  to  a 
small  extent  in  pure  water,  free  from  saline  matter,  and  the  solu- 
tion has  an  alkaline  reaction.     Oxide  of  silver  is  not  dissolved 

*  Liehig*8  Annalcn,  vol.  :{0.  p.  1,  183!). 
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bjr  solutions  of  the  hydrates  of  potash  and  sfula.  Its  salli  nre 
precipitated  black  by  sulphuretted  hydrogen,  and  afford, 
treated  with  hydrochloric  acid  or  a  soluble  chloride,  a 
curdy  precipitate,  the  chloride  of  silver,  which  aoon 
purple,  if  exposed,  while  humid,  to  the  direct  mya  of  the 
This  precipitate  is  not  dissolved  by  nitric  add,  but  is 
by  ammonia  in  common  with  most  of  the  insoluble  salts  d 
silver. 

Oxide  of  silver  combines  with  ammonia  and  forms  the  fulnu' 
nating  ammomaret  of  silver ^  a  substance  of  a  dangerous  disnc^ 
ter  from  the  violence  with  which  it  explodes*  The  smmoaiiint 
may  be  formed  by  digesting  newly  precipitated  oxide  of  silTer  ta 
strong  ammonia,  or  more  readily  by  dissolving  nitrate  of  mhtt 
in  ammonia,  and  precipitating  the  liquor  by  potash  in  shghloi- 
cess.  If  this  substance  be  pressed  by  a  hard  body,  wbib  Hil 
humid)  it  explodes  with  unequalled  violence;  when  dry,  tk 
touch  of  a  feather  is  often  sufficient  to  cause  it  to  fulmioilc^ 
The  explosion  is  obviously  occasioned  by  the  reduction  of  thi 
silver,  from  the  combination  of  its  oxygen  with  the  hydroga 
of  the  ammonia,  and  the  evolution  of  nitrogen  gas. 

Siilphurei  of  silver^  AgS,  1552.8  or  124.4$,— Svlphm  mi 
silver  may  be  combined  together  by  fusion ;  the  excess  of  id» 
phur  escapes,  and  at  a  high  temperature  the  sulphuret  melti;  it 
forms,  on  cooling,  a  crystalline  mass*  This  compound  has  a  had' 
grey  colour  and  metallic  lustre.  It  is  so  soft  that  it  may  becBl 
by  a  knife,  and  is  malleable.  The  sulphuret  of  silver  is  aho  t^ 
markable  for  conducting  electricity,  like  a  metal,  when  wmrmttL 
The  same  compound  occurs  in  nature,  sometimes  crystaUized  in 
octohedrons  with  their  secondary  faces.  This  sulphuret  is  ptf* 
ticularly  interesting  from  being  isomorphous  with  the  sttbial- 
phuret  of  copper,  Ag  S  with  Cu^S  (page  144)*  These  tw 
sulphurets  replace  each  other  in  indeterminate  proportions  ii 
several  double  sulphurets  of  silver  and  otlier  metals,  as  inf^ 
basiie  nnd  fahlerze^  the  composition  of  which  may  be 
by  the  following  formulae,  the  symbols  placed  above  each 
representing  constituents,  of  which  either  the  one  or  tba 
may  be  present : 


Polybasite 


Cu,S     SbS3 


'""»««l:i+l'l.)+wS5,VS^ 
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Chloride  o/siher,  Ag  CI,  1794.3  or  143.79-— This  salt  con- 
tains in  100  parts,  2-1.G7  parts  of  chlorine,  and  7^*33  parts  of 
bItct.  It  is  thrown  down  as  a  white  precipitate,  at  first  very 
491111(7  '^^  curdy,  when  hydrochloric  acid  or  a  soluble  chloride 
u  added  to  any  soluble  salt  of  silver,  except  the  hyposulphite. 
It  is  wholly  insoluble  in  water,  and  the  most  minute  quantity  of 
hydrochloric  acid  contained  in  water  may  be  detected  by  add- 
ing to  it  a  drop  of  a  solution  of  nitrate  of  silver.  Hydrochlo- 
lic  acid,  when  concentrated,  dissolves  chloride  of  silver,  which 
crystallizes  from  it  in  octohedrons,  when  the  solution  is  evapo- 
nted.  This  salt  dissolves  easily  in  solution  of  ammonia,  and 
crystallizes  also  as  the  ammonia  evaporates.  When  heated,  it 
fiiaea  about  500°,  forming  a  transparent  yellowish  liquid,  which 
becomes,  after  cooling,  a  mass  that  may  be  cut  with  a  knife  and 
baa  considerable  resemblance  to  horn ;  a  property  to  which  it 
waa  indebted  for  the  name  of  horn  silver,  applied  to  it  by 
fSbe  elder  chemists.  It  is  not  volatile.  Chloride  of  silver  is 
not  aflfected  by  a  concentrated  solution  of  potash.  It  is  easily 
lednoed  to  the  state  of  metal  by  zinc  or  iron  with  water. 
Chloride  of  silver  can  be  dissolved  out  in  this  way  by  means  of 
sine  and  acidulated  water,  from  a  porcelain  crucible,  in  which  it 
bas  been  fused.  The  chloride  and  other  salts  of  silver  acquire 
a  dark  colour  when  exposed  to  light ;  chlorine  escapes,  and  a 
portion  of  the  salt  appears  to  be  reduced  to  the  metallic  state, 
aa  the  blackened  surface  conducts  electricity.  According  to 
Wetzlar,  the  black  substance  contains  an  inferior  chloride  of 
fllver,  and  is  not  attacked  by  nitric  acid,  nor  soluble  in  am- 
monia. Indeed,  paper  charged  with  chloride  of  silver  is  ex- 
ceedingly sensitive  to  the  impression  of  light,  and  has  been 
employed  to  fix  the  image  in  the  camera  obscura.  The  unal- 
tered chloride  of  silver  in  the  paper,  is  afterwards  dissolved 
out  by  a  solution  of  hyposulphite  of  soda.  Of  anhydrous 
ddoride  of  silver,  100  parts  absorb  17.91  parts  ofammoniacal 
gasy  forming  the  compound  2Ag  Cl-raNHg.  This  compound 
loses  its  ammonia  in  the  air.  Chloride  of  silver  is  dissolved  by 
concentrated  and  boiling  solutions  of  chlorides  of  potassium, 
sodium  and  ammonium,  and,  on  cooling,  a  double  salt  is  depo- 
flited  in  crystals  generally  cubes.  Chloride  of  silver  is  also 
dissolved  by  cyanide  of  potassium,  and  the  solution  yields  a 
double  salt  by  evaporation,  (Liebig). 

Bromide  of  silver,  Ag  Br.  2330  or  186.7* — ^This  salt  consists 
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in  lOOparts^  of  41.99  bromine  and  58.01  tilrer.  It  itinohi- 
ble  in  water,  and  falls  as  a  precipitate  which  ia  at  first  nUli^ 
but  becomes  of  a  pale  yellow  on  collecting.  When  fused  aad 
cooled,  it  gives  a  mass  of  a  pure  and  intense  yellow.  It  b  aoUk 
in  ammonia  and  has  most  of  the  properties  of  chloride  flf 
silver. 

Iodide  of  Hlver,  Ag  1,2931.1  or  234.87.— This  salt  comiito 
in  100  parts,  of  53.89  iodine  and  4G.11  silver.  It  is  insofaikh 
in  water,  like  the  chloride,  but  is  distinguished  firom  that  ak 
by  its  colour,  which  is  pale  yellow,  by  the  difficulty  with 
it  is  dissolved  in  ammonia,  and  by  being  bladcened 
slowly  by  the  action  of  light.  According  to  Martini,  2500  pnti 
of  ammonia,  of  density  0.960,  are  required  to  dissolve  one  pal 
of  iodide  of  silver.  It  is  soluble  to  a  large  extent,  at  the  boil* 
ing  temperature  in  concentrated  solutions  of  the  alkaline  sai 
earthy  iodides,  and  forms  with  them  double  salts. 

Cyanide  of  silvery  AgCy,  1681.5  or  134.74^— This  ak 
contains,  in  100  parts,  19.62  cyanogen  and  80.38  silver,  h 
falls  as  a  white  powder  when  hydrocyanic  acid  is  added  to  i 
solution  of  nitrate  of  silver.  It  is  distinguished  firom  dikiidi 
of  silver  by  dissolving  in  concentrated  nitric  and  sulphuric  aci^ 
when  heated.  It  is  readily  decomposed  by  hydrochloric  sdii, 
and  yields  hydrocyanic  acid,  100  parts  of  cyanide  of  silver  giring 
20.36  parts  of  hydrocyanic  acid.  It  is  decomposed  by  a  red 
heat,  and  when  well  dried,  gives  nothing  but  cyanogen  gas  and 
silver.  Cyanide  of  silver  is  dissolved  by  cyanide  of  potassiuH, 
and  other  soluble  cyanides.  The  double  cyanide  of  piotassiiUB 
and  silver  crystaUizes  in  octohedrons,  K  Cy-f  AgCy. 

Carbonate  of  silver j  AgO,  COj,  is  a  white  insoluble  powder. 

Sulphate  of  silver^  AgO,  SO,,  1952.8  or  156.48. — It  is  ob- 
tained by  dissolving  silver  with  heat  in  concentrated  sulpfavie 
acid,  or  by  precipitating  a  solution  of  nitrate  of  silver  will 
sulphate  of  potash.  It  is  soluble  in  88  times  its  weight  of 
boiling  water,  and  crystallizes  on  cooling  in  the  form  of  anhj- 
drous  sulphate  of  soda.  This  salt  is  highly  soluble  in  ammo- 
nia, and  gives,  by  evaporation,  an  ammoniacal  sulphate  of  silTer 
in  fine  transparent  crystals,  which  arc  persistent  in  air;  .VgO, 
SO.^-f  2NH.,.  Chromate  and  seleniate  of  silver  form  analogooi 
compounds  with  ammonia,  which  are  all  isomorphous.  The  hi- 
ehroniatc  of  silver  is  also  isomorphous  with  bichromate  of  soda. 

litjjwsitlphate  of  silver^  Ag  O,  S.2  O5,  is  sohil)Ie  in  water,  ind 
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Mi  in  the  ime  finrm  as  hyposolphate  of  soda.  It  ciys- 
■bo  wkh  ammonia,  as  Ag  O^  S^  05+2NH,. 
mij/kUe  fjf  riher,  Ag  O,  S^O,. — HyposulphaTOus  add 
to  have  a  greater  affinity  for  oxide  of  silver  than  for  any 
lie.  Oxide  of  silver  decomposes  the  alkaline  hyposul- 
ind  liberates  one  half  of  their  alkali,  and  a  double  hypo- 
I  of  die  alkali  and  silver  is  formed.  These  double 
I  best  prepared  by  adding  chloride  of  silver  in  small  por- 
the  soluble  hyposulphite  of  potash,  soda,  ammonia,  or 
die  cold,  till  die  liquid  is  saturated;  after  which,  die 
ii  filtered,  and  mixed  widi  a  large  quantity  of  alcohol, 
ledpitates  the  double  salt ;  those  of  potash  and  soda  are 
sable.  Herschel  considers  the  double  salts  obtained  in 
aner,  as  probably  containing  one  eq.  of  hyposulphite  of 
)  two  eq.  of  die  other  hyposulphite.  The  solution  of 
diese  double  salts  dissolves  m<»e  oxide  of  silver,  and 
doable  salt,  which  is  believed  to  contain  single  equiva- 
die  salts,  and  precipitates  as  a  white  crystalline,  pul- 
:  bulky  mass.  The  second  compound  is  sparingly 
in  water,  but  dissolves  in  ammonia,  and  communicates 
quor  an  intensely  sweet  taste. 

lyposulphite  of  silver  itself,  is  an  insoluble  substance;  it 
to  undergo  decompositicm,  changing  spontaneously  into 
t  and  sulphuret  of  silver.  When  to  a  dilute  solution  of 
if  silver,  a  dilute  solution  of  hyposulphite  of  soda  is 
f  small  quantities,  a  white  precipitate  of  hyposulphite 
*  fidb,  which  dissolves  again  in  a  few  seconds,  from  the 
n  of  the  soluble  double  hyposulphite  of  soda  and  silver, 
aougb  of  hyposulphite  of  soda  has  been  gradually  added, 
r  die  precipitate  permanent,  without,  however,  decom- 
be  whole  silver  salt,  a  flooculent  mass  is  obtained  of  a 
7  colour,  which  is  permanent.  The  liquor  contains 
posulphite  of  silver,  and  has  an  intensely  sweet  taste, 
ill  metallic;  the  silver  is  not  precipitated  from  it  by 
ioricadd  or  the  chlorides.  An  excess  of  hyposulphite  of 
troya  die  precipitated  hyposulphite  of  silver,  converting 
ij^hnret  of  silver. 

e  qf  riher,  AgO,N05,2128.6  or  170.57.— When  a 
pure  silver  is  suspended  in  nitric  acid,  it  dissolves  for 
ithout  effervescence  at  a  low  temperature,  nitrous  acid 
oduoed,  which  colours  the  liquid  blue;  but  if  heat  be 
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applied  or  the  temperature  allowed   to  fiae,  then   the  miftml 
dissolves  with  violent  effervescence  from  the  escape  of  nitric 
oxide.     The  nitrate  of  silver  crystallizes  on  cooling  in  calouri^^ 
tables,  which  are  anhydrous.     It  is  soluble  in  I  part  of  coldi^^H 
i  part  of  hot  water,  and  in  4  parts  of  boiling  alcobol.    Tilt 
solution  of  this  salt  does  not  redden  litmus  paper,  like  moit 
metallic  salts,  but  is  exactly  neutral.     Nitrate  of  silver  fuses  li 
426"  and  forms  a  crystalline  mass  on  cooling;  it  is  ca«t  int^ 
little  cylinders  for  the    use   of  surgeons.      It   is   sometii 
adulterated  in  this    state  with  nitrate  of  potash,  wbicfa 
be  detected  by  the  alkaline  residue  which  the  salt  tJieii  l«i 
when  heated  before  the  blowpipe,  or  with  nitrate  of  lead^ 
the  solution  of  the  salt  is  precipitated  by  iodide  of  potaisiiiiiit 
of  a  full  yellow  colour.     When  applied  to  the  flesh  of  aniosilii 
it  instantly  destroys  the  organization  and  vitality  of  the  pm 
It   forms   insoluble  compounds  with    many   kinds  of  nxinal 
matter,  and  is  employed  to  remove  it  from  solution*    Wlieii 
organic  substances,  to  which  a  solution  of  nid^te  of  silver  hts 
been  applied,  are  exposed  to  light,  they  become  bbck  from  tlw 
reduction  of  the  oxide  of  silver  to  the  metallic  state*  A  solutiai 
of  nitrate  of  silver  in  ether  is  employed  to  dye  the  hair  blick* 
It  forms  also  the  indelible  marking  ink  used  to  write  upon 
linen.     The  part  of   the  linen  to  be  marked  should  be  finl 
wetted  with  a  solution  of  carbonate  of  soda  and  dried,  and  tkt 
writing  should  be  eaqiosed  to  the   light  of  the  sun.    For 
ink,  which  is  expensive,  another  liquid  has  been  substituted 
bleachers,  namely  coal  tar,  made  sufficiently  thin  with  naphlli 
to  write  with,  which  is  found  to  resist  cblorine  and  to  mrttwtt 
well  as  a  marking  ink,     A  strong  solution  of  nitrate  of  iflt«f 
absorbs  two  equivalents   of  ammoniacal   gas,  and   gives  liic 
crystallizable  Ammoniacal  nitrate  ofmlver^  Ag  O,  NOj+iNI 
The  dry  nitrate  in  powder  absorbs  three  atoms  of  nmmonti|  N| 
NOg-hSNHj, 

Nitrate  of  silver  forms  a  double  salt  with  nitrate  of  the  wJ 
oxide  of  mercury,  which  crystfdlizcs  in  prisms.^  Nitrate  of  sil'Wf 
and  cyanide  of  mercury  also  form  a  double  salt,  when  hot  »olik 
tions  of  them  are  mixed ;  Ag  O,  NO^  4  2Hg  Cy  -f 
of  silv^er  is  soluble  in  a  boiling  solution  of  nitrau  ...  ,».,v.^  — 
gives  a  crystalline  compound,  Ag  O,  NO^-f  2Ag  Cy^  whkfc  li 
decomposed  by  water. 

Nitrite  of  nilver^  AgO,NO^  IJJ28.fi   '>»*    \^\  >i. — ^NitnK  ^- 
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it  fused  at  a  red  heat,  till  it  is  wholly  converted  hito 
t  bj  Ion  of  oxygen ;  the  latter  salt  then  begins  to  lose 
astffOQS  acid,  and  a  small  portion  of  the  salt  dissolved  in  water 
win  be  found  to  precipitate  silter  brown.  The  fusion  is  then 
kllBrnipted,  the  salt  dissolved  in  boiling  water,  precipitated  by 
ahnte  of  silver,  and  filtered  while  still  very  hot.  The  nitrite  of 
dver,  which  requires  120  times  its  weight  of  water  at  60o  to 
fissolve  it,  is  precipitated  as  the  solution  cools.  The  other 
■itrites  are  prepared  by  rubbing  this  salt  in  a  mortar  with 
flUorides  taken  in  equivalent  quantities.  It  appears  from 
..ttperiments  of  Proust  that  two  subnitrites  of  silver  exist,  one 
flofaible  and  the  other  insoluble. 

Acetate  of  silver,  which  is  soluble  in  100  times  its  weight  of 

.  cold  water,  is  precipitated  when  acetate  of  copper  is  mixed  with 
ft  ooqcentrated  solution  nitrate  of  silver.  It  crystallizes  from 
dolation  in  boiling  water  in  anhydrous  needles. 

Oxalate  of  silver  is  an  insoluble  powder.  A  double  oxalate 
■^potash  and  silver  is  formed  by  saturating  binoxalate  of  potash 

'  iin&  carbonate  of  silver.  It  is  very  soluble,  and  forms 
Aomboidal  crystals,  which  are  persistent  in  air. 

Perosride  of  silver. — A  superior  oxide  of  silver  is  deposited 
the  positive  pole  or  zincoid  of  a  voltaic  battery  in  a  weak 
tion  (rf  nitrate  of  silver,  in  the  form  of  needles  of  3  or  4 
in  length,  which  are  black  and  have  a  metallic  lustre,  while 
lie  silver  is,  at  the  same  time,  deposited  in  crystals  upon 
Ben^ative  pole  or  chloroid.  The  former  crystals  are  con- 
Mtiid  by  sulphuric  acid  into  oxide  of  silver  and.  oxygen,  and 
Midd  with  hydrochloric  acid,  chloride  of  silver  and  chlorine. 

Silver  may  be  readily  alloyed  with  most  metals.  It  combines 
]bj  iiuion  with  iron,  from  which  it  cannot  be  separated  by 
Cftpellation.  Native  silver  is  always  associated  with  gold ;  the 
two  metals  are  found  crystallized  together  in  all  proportions  in 
^be  same  cubic  or  octohedral  crystals.  Gold  may  l>e  detected 
]P  a  silver  coin,  by  dissolving  the  latter  in  pure  nitric  acid, 
iihifn  a  small  quantity  of  1)lack  powder  remains,  which  after 
long  washed  with  water,  will  be  found  to  dissolve  in  nitro- 
Wnriatic  add,  giving  a  yellow  solution  in  which  protochloride  of 
tm' produces  a  precipitate  of.  the  purple  powder  of  Cassius. 
Pare  silver,  being  very  soft,  is  always  alloyed  in  coin  and  plate, 
widi  a  certain  quantity  of  cop^ier,  to  make  it  harder.    The 

X  X  2 


G74  GOLD. 

standard  silver  of  England  is  an  alloy  of  223  pennywdghts  of 
silver  with  18  pennyweights  of  copper.  When  the  pfoportion 
of  copper  is  considerable,  the  alloy  becomes  red  by  woff, 
shewing  that  the  silver  of  the '  alloy  yields  more  readilj  to 
attrition  than  the  copper.  This  effect  is  very  visiUe  in  the 
smaller  silver  pieces  of  some  continental  states. 


SECTION    III. 

GOLD. 

Eg.  1243  or  99.6;  Au  (aurum). 

Gold  is  found  in  small  quantity  in  most  countries^  somedmei 
in  iron  pyrites,  but  generally  native,  massive  and  diaseminatedia 
threads  through  a  rock,  or  in  grains  among  the  sand  of  rinn. 
It  occurs  crystallized  in  the  cube  and  its  allied  forms.  At 
present  the  principal  supply  of  this  metal  is  from  the  mina  of 
South  America,  Hungary  and  of  the  Uralian  momitaiiis  ii 
Siberia.  It  is  generally  separated  from  earthy  and  all  otitfr 
metallic  substances,  except  silver,  by  amalgamation.  It  maybe 
separated  from  silver  by  nitric  acid,  which  dissolves  the  latter 
metal,  but  only  when  it  forms  a  large  proportion  of  the  allof. 
When  nitric  acid  docs  not  dissolve  the  silver,  the  alloy  is  sub- 
mitted to  an  operation  termed  guartation  ;  it  is  fused  with  fbnr 
times  its  weight  of  silver,  after  which  the  whole  silver  may  be 
dissolved  out  by  nitric  acid. 

To  obtain  gold  in  a  state  of  purity,  the  alloy  containing  it  is 
dissolved  in  a  mixture  of  two  measures  of  hydrochloric,  and 
one  measure  of  nitric  acid — a  mixture  which,  from  its  applicatioo 
to  dissolve  gold  has  acquired  the  name  of  aqua  r^ia.  T^ 
solution  of  gold  is  evaporated  by  a  water-bath,  till  acid  vapoun 
cease  to  be  exhaled ;  it  is  then  dissolved  in  water  and  hydro- 
chloric acid  is  mixed  with  it.  On  adding  protosulphate  of  iroQ 
to  this  solution,  the  gold  is  wholly  precipitated  as  a  brown  or 
brownish  yellow  powder,  quite  destitute  of  the  metallic  lostrei 
wliich,  however,  appears  when  the  powder  is  rubbed.  The 
protosulphate  of  iron  is,  at  the  same  time,  converted  into  per- 
sulphate and  perchloride  : 

6(FeO,  S03)  and  Au^  CI3  =  2(Fe2  O3, 3SO3)  and  Fe,  CI3  and  «.\n. 
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Gold  is  the  only  metal  of  a  yellow  colour.     When  pure,  it  is 
more  malleable  than  any  other  metal^  and  nearly  as  soft  as  lead* 
Its  ductility  appears  to  have  scarcely  a  limit.     A  single  grain  of 
gold  has  been  drawn  into  a  wire  500  feet  in  length,  and   tins 
metal  is  beaten  out  into  leaves  which  have   not   more   than 
l-200,000dth  of  an  inch  of  thickness.    The  coating  of  gold  on 
it  silver  wire  is  still  thinner.     When  very  thin,  gold  is  trans- 
ent,  tliin  gold  leaf  allowing  a  green  liglit  to  pass  through  it, 
be  point  of  fusion  of  this  metal  ia  20 Id";  it  contracts  con- 
ably  upon  becoming  solid.     The  density  of  gold  varies 
19.4  to  19.65,  according  as  it  has  been  more  or  less  corn- 
ed.    It  does  not  oxidate  or  tarnish  in  air,  at  the  usual 
Dperature,  nor  when  strongly  ignited.      But   this  and  the 
er  noble  metals  are  dissipated  and  partly  oxidated,  when  a 
rerful  electric  charge  is  sent  through  them  in  thin  leaves. 
I  is  oxidated  in  contact  with  vitrifiable  fluxes,  and  communi- 
to   them  a  ruby  colour.     It  is  not  dissolved  by  nitric, 
drocbloric  or  sulphuric  acid,  nor  indeed  by  any  single  acid. 
It  ia  acted  upon  by  chlorine,  which  converts  it  into  perchloride, 
1  by  acid  mixtures,  such  as  aqua  regia,  which  evolve  chlorine. 
|(  combines  in    two    proportions   with  ojcygen,    forming  the 
wo  oxides  Au^  O  and  Au^  O3,  neither  of  which  combines  with 
irids. 
Oxide  of  goldy  Aurom  oxide,  Au^O,  258G  or  207.2  K— This 
dde  is  obtained  by  decomposing  the  corresponding  chloride  of 
by  a  cx)ld  solution  of  potash,  as  a  green  powder.     It  is 
tly  dissolved  by  the  alkali,  and  soon  begins  to  undergo  de- 
[^position,  being  resolved  into  the  higher  oxide  and  metallic 
The  latter  forms  a  thin  lilm  upon  the  sides  of  the  vessel, 
is  green  by  transmitted  light,  quite  like  gold  leaf. 
fi^dofide  of  goldj  Aurous  chloride^  Au^Cl,  is  obtained  by  eva- 
porating a  solution  of  the  perchloride  to  dryness,  and  heating 
the  powder  thus  obtained  by  a  sand  bath,  retaining  it  about  the 
taiperature  of  melting  tin  and  constantly  stirring  it,  so  long  as 
ne  is  evolved.     It  is  a  white  saline  mass  having  a  tinge  of 
ow,  which  is  quite  insoluble  in  water.     In  the  dry  state,  it  is 
pmnanent,  but  in  contact  vnth  water  it  gradually  undergoes  de- 
ponition,  and  is  converted  into  gold  and  the  perchloride. 
ii'i^  change  takes  place  almost  instantaneously  at  the  boiling 
Veiinierature. 
^  corresponding  aurous  sulphurtt  is  formed  when  sidphurettcd 
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hydrogen  gas  is  conveyed  into  a  boiling  solution  of  the  perdUo- 
ride  of  gold.     It  is  dark  brown,  almost  black* 

Peroxide  of  gold.  Auric  oxide,  AiLjOj,  2786  or  223.21.— 
This  oxide  has  many  of  the  properties  of  an  acid.  It  is  obtimed 
by  digesting  magnesia  in  a  solution  of  perchloride  of  goU, 
when  an  insoluble  compound  of  auric  oxide  and  magnesia  ii 
formed,  which  is  collected  upon  a  filter  and  well  washed.  Tk 
compound  is  afterwards  digested  in  nitric  acid,  which  dissobci 
the  magnesia,  with  traces  of  auric  oxide,  but  leaves  the  greiter 
part  of  the  latter  undissolved.  It  is  left  in  the  state  of  a  reddidi 
yellow  hydrate,  which  dried  in  air  becomes  chestnut  brom. 
When  precipitated  by  an  alkali,  auric  oxide  carries  down  a  por- 
tion of  the  latter,  of  which  it  may  be  deprived  by  nitric  idd. 
Dried  at  212^  it  abandons  its  water,  becomes  black,  and  is  in 
part  reduced.  When  exposed  to  light,  particularly  to  the  diicct 
rays  of  the  sun,  its  reduction  is  very  rapid.  It  is  decomposed 
by  an  incipient  red  heat.  Hydrochloric  acid  is  the  only  aeid 
which  dissolves  and  retains  this  oxide,  and  then  perchloride 
of  gold  is  formed.  It  is  dissolved  by  concentrated  nitxic  and 
sulphuric  acid,  but  precipitated  from  these  solutions  by  wiler. 
The  affinity  of  this  oxide  for  alkaline  oxides  is  so  great,  on  the 
contrary,  that  when  boiled  in  a  solution  of  chloride  of  potas- 
sium, auric  oxide  is  dissolved,  and  the  liquid  becomes  alkaline; 
perchloride  of  gold  with  chloride  of  potassium,  and  aurate  of 
potashy  or  a  compound  of  auric  oxide  and  potash,  are  formed. 
The  compounds  of  auric  oxide  with  the  alkalies  and  alkaline 
oxides  are  nearly  colourless,  and  are  not  decomposed  by  water. 
They  appear  to  be  of  two  different  degrees  of  saturation,  aur- 
ates  which  are  soluble,  and  supcraurates  which  are  insoluble. 
The  only  one  of  these  compounds  which  has  been  studied  in 
some  degree  is  the  aurate  of  ammonia,  or  fulminating  gold  zs'^ 
is  named  from  its  violently  explosive  character. 

Aurate  of  ammonia. — When  the  solution  of  gold  is  precip- 
tated  by  a  small  quantity  of  ammonia,  a  powder  of  a  deep  yel- 
low is  obtained,  which  is  a  compound  of  aurate  of  ammonia 
with  a  portion  of  perchloride  of  gold.  This  compound  is  ex- 
ploded by  heat,  but  the  detonation  is  not  strong.  But  when 
the  solution  of  gold  is  treated  with  an  excess  of  ammonia,  and 
the  prccipit^ite  well  washed  by  cl)uIlition  in  a  solurion  of  ammo- 
nia, or  better  in  water  containing  potash,  the  fulminating  gold 
has  a  yellowish  brown  colour  with  a  tinge  of  purple.  When  dry, 


PURPLE   OF  OASSIUS.  677 

it  ezplodes  most  easily  with  a  loud  report,  accompanied  by  a 
fceble  flame.  It  may  be  exploded  by  a  heat  a  little  above  the 
buliiig  point  of  water,  or  by  the  blow  of  a  hammer.  Its  com- 
poaition  has  not  been  certainly  determined,  but  if  the  ammonia 
ii  present  in  double  the  proportion  that  would  contain  the  hy- 
dvpgen  necessary  to  bum  the  oxygen  of  the  auric  oxide,  which 
IkirjBCjlius  considers  probable,  its  constituents  may  be  Au^O,  + 
jSfHj+HO.  The  affinity  of  auric  oxide  for  ammonia  is  so  great, 
Ifiat  it  takes  that  alkali  from  all  acids.  Thus,  when  auric  oxide 
.M  digested  in  sulphate  of  ammonia,  fulminating  gold  is  formed, 
aad  the  liquid  becomes  acid. 

.  Purple  of  Casrius. — When  protochloride  of  tin  is  added  to  a 
iUiite  solution  of  gold,  a  purple-coloured  powder  falls,  which 
luu  received  that  name.  It  is  obtained  of  a  finer  colour,  when 
.pntochloride  of  tin  is  added  to  a  solution  of  the  perchloride  of 
IroD,  till  the  colour  of  the  liquid  has  a  shade  of  green,  and  add- 
ipjg  this  liquid,  drop  by  drop,  to  a  solution  of  perchloride  of  gold 
lAich  is  free  from  nitric  acid,  and  very  dilute.  After  24  hours, 
llbriDwn  powder  is  deposited,  which  is  in  a  small  degree  trans- 
parent and  purple-red  by  transmitted  light.  Wlien  dried  and 
jpibbed  to  powder,  it  is  of  a  dull  blue  colour.  Heated  to  red- 
HOn  it  loses  a  little  water,  but  no  oxygen,  and  retains  its  for- 
JBer  appearance.  If  washed  with  ammonia  on  the  filter  while  still 
Inimid,  it  is  dissolved,  and  a  purple  liquid  passes  through, 
which  rivals  the  hypermanganate  of  potash  in  beauty.  From 
tbii  liqaid,  the  colouring  matter  very  gradually  separates,  weeks 
aiapring  before  the  upper  strata  of  the  liquid  become  colour- 
ku,  bat  it  is  precipitated  more  rapidly  when  heated  in  a  close 
vanel  between  140*^  and  180".  The  powder  of  Cossius  is  inso- 
Inble  in  solutions  of  potash  and  soda.  It  may  also  be  formed, 
by  fusing  U^ther  2  parts  of  gold.  Si  parts  of  tin  and  15  parts 
gf  nlver,  under  borax,  to  prevent  tlie  oxidation  of  the  tin,  and 
treating  the  alloy  with  nitric  acid  to  dissolve  out  the  silver;  a 
purple  residue  is  left  containing  the  tin  and  gold  tliat  were 
flBDployed* 

The  powder  of  Cassius  is  certainly,  after  ignition,  a  mixture 
of  peroxide  of  tin  and  metallic  gold,  from  which  the  last  can 
be  dissolved  out  by  aqua  regia,  while  the  peroxide  of  tin  is  left; 
and  the  last  mode  of  preparing  it,  favours  the  idea  that  its  con- 
stitution is  the  same  before  ignition.  But  its  property  to  dis- 
solve in  ammonia,  and  the  fact  that  mercury  does  not  dissolve 
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out  gold  from  the  pawder  when  properly  prepared^  appear  to 
me  to  be  conclusive  against  that  opiaion*    The  propordou  gf 
its  constituents  vary  so  much,  that  there  must  be  more  thsn  OM 
compound,  or  more  likely  the  colouring  coropoand  oomfauiei 
with  more  than  one  proportion  of  peroxide  of  tin.     BeneGot 
proposes  the   theory  that  the  powder  of  Cassius  may  oontaii 
the  true  protoxide  of  gold  combined  with  the  deutoxide  of  tiiv 
AuO  +  Sn^Oj,  a  kind  of  combination  containing  an  aasodatioa 
of  three  atoms  of  metal,  which  is  exemplified  in  black  oxide  al 
iron,  spinell,  gahnite^  franklinite  and  other  minerals,  and  wliidi 
we  have  repeatedly  observed  to  be  usually  attended  with  great  ita- 
bility.    A  glance  at  its  formula  shews  how  readily  the  powder  of 
Casstus,  as  thus  represented,  may  pass  into  gold  and  pertudcie  of 
tin ;  AuO  f  Sn^O^^Au  and  SSnOj.     The  existenee  of  a  porpk 
oxide  of  gold  AuO  is  not  established,  but  it  is  probably  the  ittl>- 
stance  formed  when  a  solution  of  gold  is  applied  to  the  skin  or 
nails,  and  which  dyes  them  purple.     Paper  coloured  purpk  by 
a  solution  of  gold  becomes  gilt  when  placed  humid  in  pbo«phtt- 
retted  hydrogen   gas,  which  reduces  the  gold  to  the  mcUUk 
state* 

Sesqui-sulpfmret  of  ffold,  Au^S^,  or  the  axiric  sulphufft,  ii 
formed  when  a  dilute  solution  of  gold  is  precipitated  cold  bf 
sulphuretted  hydrogen.  It  is  a  flocculent  matter  of  a  strong  y«^ 
low  colour,  which  becomes  deeper  by  drying ;  it  loses  its  sul- 
phur at  a  moderate  heat. 

Sesqui-chlonde  of  gold^  Perchloride  of  goUi^  Aurit  cilondif 
38 14  or  305*62. — It  is  formed  when  gold  is  diasolTed  in 
aqua  regia.  The  solution  is  yellow,  and  becomes  paler  with  tt 
excess  of  acid,  but  is  of  a  deep  red  when  neutral  in  compositioa* 
It  is  obtained  in  the  last  condition  by  evaporating  the  soltttioA 
of  gold,  till  tlie  liquid  is  of  a  dark  ruby  red  colour,  and  begins  ^ 
emit  chlorine.  It  forms  on  cooling  a  dark  red  crystalline  ini«i 
which  deliquesces  quickly  in  air*  But  to  procure  the  amv 
chloride  perfectly  free  from  acid  salt,  the  only  mode  b  ta  d»* 
compose  the  aurous  chloride  with  water*  A  compound  of  cUo* 
ride  of  gold  and  hydrochloric  acid  crystallises  easily  from  «» 
acid  solution,  in  long  needles  of  a  pale  yellow,  which  are  pemtf- 
nent  in  dry  air,  but  run  into  a  liquid  in  damp  air*  The  solu- 
tion of  this  salt  deposits  gold  on  its  surface,  and  on  the  sid^  » 
the  vessel  turned  to  the  light.  The  gold  is  also  precipitated  »* 
tlie  metallic  state  by  pliuspliorus,  by  most  metala,  the  fenviw 
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nits,  and  many  vegetable  and  animal  substances^  by  vegetable 
aeidfly  by  oxalate  of  potash^  when  carbonic  acid  escapes.  Chlo- 
ride of  gold  is  soluble  in  ether  and  in  some  essential  oils.  It 
fannn  double  salts  with  most  other  chlorides,  which  are  almost 
■n  orange  when  crystallized ;  in  efflorescing,  they  become  of  a 
lemon  yeUow,  but  in  the  anhydrous  state  they  are  of  an  intense 
led.  They  are  obtained  by  evaporating  the  mixed  solutions  of 
Oe  two  salts. 

Chhride  of  gold  and  poiasrium,  KCI  +  Au,  CI3+5HO.— It 
erjstallizes  in  striated  prisms  of  right  summits,  or  in  thin  hexa- 
gosul  tables  which  are  very  efflorescent;  this  salt  becomes 
atihydrous  at  212''.  The  anhydrous  salt  fuses  readily  when 
heated,  but  loses  chlorine  and  becomes  a  liquid,  which  is  black 
wlole  liquid,  and  yellow  when  cold.  It  is  then  a  compound  of 
llie  anrous  chloride  with  chloride  of  potassium.  Chloride  of 
gold  wul  ammofdum  crystallizes  in  transparent  prismatic  needles, 
vluch  become  opaque  in  air,  Mr.  Johnston  found  their  com- 
tion  to  be  NH4CI+AU2CI3  +  2HO.  Chloride  of  gold  and 
crystallizes  in  long  four  sided  prisms,  and  is  persistent 
^  in  air.  Its  composition  is  Na  Cl+Au^  C13+4HO.  Bonsdorff 
fe  lam  prepared  similar  double  salts  with  chlorides  of  barium, 
g  elrontium,  calcium,  magnesium,  manganese,  zinc,  cadmium, 
>'  eobalt  and  nickel.  The  salt  of  lime  contains  six  and  the  salt 
of  magnesia  twelve  atoms  of  water. 

Segquibromide  o/goldy  Au,  Brj,  is  formed  by  dissolving  gold 
in  a  mixture  of  nitric  and  hydrobromic  acids.  It  greatly  re- 
aemUea  the  sesquichloride,  and  forms  also  an  extensive  series 
ef  doable  salts. 

mie  awrous  iodide,  Au^  I,  is  formed  when  hydriodic  acid  is 
digeeted  upon  peroxide  of  gold,  iodine  being,  at  the  same  time, 
fiberated.  It  is  a  lemon  yellow  crystalline  powder,  insoluble  in 
eold  water,  and  soluble  with  great  difficulty  in  boiling  water. 

The  only  salt  with  an  oxygen  acid,  which  peroxide  of  gold 
■ppears  to  form  is  the  fulminate,  and,  perhaps,  a  seleniate. 
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PLATINUM* 
Eq.  1233.5  or  98*84.  Pt. 

This  metal  was  discovered  in  the  auriferous 
nvers  in  America.     Its  name  ia  a  diminutive  of  pk 
waa  applied  to  it  on  account  of  its  whiteness.     It 
form  of  rounded  or  flattened  grains  of  a  metallic  li 
been  found  in  Brazil,  Colombia,  Mexico^  St,  Dom 
tlie  eastern  declivity  of  tlie  Ural  chain  ;  it  is  ever 
ciated  with  the  debris  of  a  rock  easily  recogi 
to  one  of  the  earliest  volcanic  formations. 

The  grains  of  native  platinum  contain  firom 
of  that  metal^  so  mucli  iron  that  tliey  are  genera 
from  I  to  1  per  cent  of  palladium,  but  sometime 
with  small  quantities  of  copper,  rhodium,  osmium  | 
To  separate  the  platinum  from  diese  bodies^  the  ai 
in  a  retort  with  hydrochloric  add,  to  which  additi 
acid  are  made  from  time  to  time.  When  the  hydi 
is  nearly  saturated,  the  liquid  is  evaporated  in  thi 
syrup,  then  diluted  with  water  and  drawn  off  ] 
soluble  residue.  If  the  mineral  is  not  completely  j 
more  aqua  regia  is  added  and  tlie  distillation  c< 
portion  always  remains  undissolved,  consisting  oi 
^mpoutid  of  osmium  and  iridium^  and  little  briUi 
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double  chloride  of  iridium  and  potassium.      The  precipitate 

is  collected  on  a  filter,  and  washed  with  a  dilute  solution  of 

chloride  of  potassium.     By  igniting  this  double  salt  with  twice 

its  weight  of  carbonate  of  potash  to  the  point  of  fusion,  the 

platinum  is  reduced  to  the  metallic  state,  while  a  portion  of  the 

iridium    remains  as  peroxide.    The  platinum   is  dissolved  by 

aqua  r^a  in  which  the  peroxide  of  iridium  remains  untouched. 

To  complete  the  separation  of  the  iridium,  the  precipitation,  by 

chloride  of  potassium  and  ignition  with  carbonate  of  potash,. 

may  require  to  be  repeated  several  times.     But  when  it  is  not 

required  to  have  platinum  absolutely  pure,  the  solution  of  the 

ore  is  precipitated  by  sal  ammoniac,  and  it  is  in  this  way  that 

much  of  the  commercial   platinum  is  procured,  the  insoluble 

double  chloride  of  platinum  and  potassium  is  washed  with  a 

solution  of  sal  ammoniac  dried  and  heated  to  low  redness  ;  hy- 

drocldoric  acid  and  nitrogen  escape  and  sal  ammoniac  sublimes, 

while  the  platinum  remains  behind  as  a  pulverulent  mass,  or 

.■pongy  and  a  httle  coherent.    The  small  trace  of  iridium  w^hich 

I^B  left  in  commercial  platinum  increases  greatly  its  hardness 

B&d  tenacity. 

Platinum  is  too  refractory  to  be  fused  in  our  furnaces,  but 
at  a  high  temperature,  its  particles  cohere  like  those  of  iron, 
«id  it  may,  like  that  metal,  be  welded.  Hence,  by  heating  a 
laass  of  the  spong)^  platinum,  previouily  strongly  compressed, 
W)d  submitting  it  to  increasing  pressure,  the  mass  comes  to  be 
90  fer  compacted,  that  it  may  be  forged  with  a  hammer,  Plati- 
Bom  as  it  comes  from  the  hands  of  the  workman  is  highly  mal- 
leable and  ductile.  It  is  the  densest  body  at  present  known  ; 
lie  specific  gravity  of  platinum  was  fixed  by  Dr.  Wollaston  at 
21*53.  This  metal  may  be  fused  by  the  oxihydrogen  blow-pipe, 
ore^^en  made  to  boil,  and  be  dissipated  wuth  sciritillations.  It 
is  not  acted  upon  by  any  single  acid,  not  even  by  concentrated 
Bad  boiling  sulphuric  acid.  Its  resistance  to  the  action  of  acids, 
conjoined  with  its  difficult  fusibility  renders  platinum  invaluable 
Ibr  chemical  experiments,  and  for  some  purposes  in  the  chemical 
irtx,  particularly  for  the  concentration  of  oil  of  vitriol. 

The  remarkable  influence  of  a  clean  surface  of  platinum  in  de- 
termining the  combustion  of  oxygen  and  hydrogen,  has  already 
considered.     This  property  platinum  shares  with  osmium, 
turn,  palladium  and  rhodium.     It  is  exhibited  in  the  greatest 
» by  the  highly  divided  metal,  such  as  platinum  sponge, 
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the  condition  in  which  the  metal  is  left  on  igniting  the  doobk 
chloride  of  platinum  and  ammonium,  Platinam  predpitited 
from  solution  by  zinc^  causes  the  combustion  of  alcohol  ^nffm^ 
The  black  powder  of  platinum  is  the  form  in  which  thatmc^ii 
most  active.  This  is  prepared  by  dissolving  the  protochloride 
of  platinum  in  a  hot  and  concentrated  solution  of  potash,  ind 
pouring  alcohol  into  it  while  still  hot,  by  small  quantities  it  a 
time ;  a  violent  effervescence  occurs  from  the  escape  of  caibouc 
acid  gas^  by  which  the  contents  of  the  vessel^  unless  capacioaii 
may  be  thrown  out.  The  liquor  is  decanted  from  the  Uick 
powder  which  appears,  and  the  latter  boiled  succesmvdy  vitk 
alcohol,  hydrochloric  acid  and  potash,  and  finally  four  or  in 
times  witli  water,  to  divest  it  of  all  foreign  matters.  The  powdtti 
when  dried,  resembles  lampblack,  and  soils  the  fingers,  bntsdll 
it  is  only  metallic  platinum  extremely  divided,  and  may  be 
heated  to  full  redness  without  any  change  of  appearance  or  pro- 
perties. It  loses  these,  however^  by  the  effect  of  a  white  heit, 
and  assumes  a  metallic  aspect.  The  powder  of  platinum,  like 
wood  charcoal,  absorbs  and  condenses  gases,  in  its  pores,  wiA 
the  evolution  of  heat,  a  property  which  must  assist  its  action  ob 
oxygen  and  hydrogen^  although  not  essential  to  that  action. 
When  moistened  with  alcohol,  it  determines  the  oxidation  of  thit 
substance  in  air,  and  the  formation  of  acetic  acid. 

Platinum  is  insoluble  in  all  acids,  except  aqua  regia.  It  maj 
be  oxidated  in  the  dry  way  by  fusing  it  with  hydrate  of  potash 
or  nitre.  Palladium,  osmium  and  iridium  resemble  platinum  in 
their  chemical  relations,  the  corresponding  compounds  of  theM 
four  metals  being  isomorphous ;  platinum  and  iridium  have  abo 
the  same  atomic  weight.  Of  platinum,  only  two  degrees  of 
oxidation  are  known  with  certainty,  the  protoxide,  Pt  0,  and 
peroxide  Pt  O^ 

Protoxide  ofplatinumy  Phtinous  oxide^  Pt  0, 1333.5  or  106.M. 
— It  is  obtained  by  digesting  tlie  corresponding  chloride  of  plati- 
num with  potash,  as  a  black  powder,  which  is  a  hydrate.  This 
oxide  is  dissolved  by  the  excess  of  alkali,  and  forms  a  green  sola- 
tion,  which  may  become  black  like  ink  vn\h  a  large  quantity  of  ox- 
ide. Protoxide  of  platinum  forms  the  platinous  class  of  salts, 
which  have  a  greenish,  or  sometimes  red  colour,  and  are  distin- 
guished from  the  platinic  salts  by  not  being  precipitated  by 
sal  ammoniac. 

Sulphuret  of  platinum^  Pt  S,  is  thrown  down  as  a  black  pre- 
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dpitate,  when  the  protochloride  of  platiDum  i»  decomposed  by 
sulphuretted  hydrogen.  It  may  be  washed  and  dried  without 
decomposition. 

Proiochloride  of  platinum^  Pt  CI,  is  obtained  by  evaporating  a 
solution  of  the  bichloride  of  platinum  to  dryness ;  triturating  the 
dry  mass  and  heating  it  in  a  porcelain  capsule,  by  a  sand  bath 
at  the  melting  point  of  tin,  taking  care  to  stir  it,  at  the  same 
time,  so  long  as  chlorine  is  evolved.  It  remains  as  a  greenish 
ey  powder,  quite  insoluble  in  water,  and  repelling  that  liquid 
I  as  not  to  be  moistened  by  it  This  chloride  is  not  decom- 
posed by  sulphuric  or  nitric  acid,  bat  is  partially  soluble  in 
.boiling  and  concentrated  hydrochloric  acid.  From  the  last 
liolution,  alkalies  throw  down  a  black  precipitate  of  protoxide. 
]  When  the  calcination  of  the  bichloride  of  platinum,  at  420"  or 
;  460*,  is  interrupted  before  the  whole  chlorine  is  expelled,  the 
residue  gives  to  water  a  compound  of  a  brown  colour,  so  deep, 
that  the  liquid  becomes  opaque.  This,  Professor  Magnus 
belierea  to  be  a  combination  of  the  two  chlorides  of  platinum. 
A  doable  proiochloride  of  platmum  and  potassium^  PtCl  +  KCl 
h  obtained  on  adding  chloride  of  potassium  to  the  solution 
I  rf  the  platinous  chloride  in  hydrochloric  acid,  and  evapomting 
the  liquid.  The  salt  crystallizes  in  four  sided  red  prisms,  of 
which  the  form  is  the  same  as  a  corresponding  salt  of  palladium  ; 
'  It  is  anhydrous.  A  protochloride  of  platinum  and  sodium  also 
^ts,  but  does  not  crystallize  easily, 

Ammoniacal  protochloride    of    platinum j    PtCl+NH^,  was 
obtained  by  Magnus,  on  adding  solution  of  ammonia  to  the 
protochloride   of  platinum  and  ammonium.     A  green 
precipitates    after  a    time,   which  is   entirely   crystalline, 
^  tnioluble  in  water,  alcohol,  hydrochloric  acid  and  ammonia. 

The  green  cry^stalline  salt  of  Magnus  is  not  decomposed  or 
dissolved  by  boiling  alkalies,  nor  by  boiling  sulphuric  or  hydro- 
chloric acid ;  so  that  the  ammonia  or  its  elements  are  in  an 
lusal  state  of  combination.  M.  J.  Gros,  of  Wesaerling,  has 
jrnied  a  singular  class  of  compounds  from  it.  When  treated 
with  hot  concentrated  nitric  acid,  the  green  salt  is  converted 
into  a  white  crystalline  powder,  which  dissolves  easily  in  water, 
leaving  half  the  platinum  in  the  metallic  state.  The  white  salt  is 
obtained  by  a  second  crystalhzation  in  flat  prisms ;  it  is  named 
mirate  of  the  chloramide  of  platinum  by  Liebig.  Neither  the 
rine  nor  the  platinum  contained  in  this  salt  is  precipitated 
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by  the  usual  reagents.  When  a  hot  saturated  solution  of  thii 
salt  is  mixed  with  sulphate  of  soda,  a  corresponding  snlpbte 
of  less  solubility  is  deposited  in  small  needles.  A  hydio- 
chlorate  is  also  obtained  by  adding  hydrochloric  add  to  i 
boiling  solution  of  the  nitrate  or  sulphate^  which  crystalUia  oo 
cooling  in  octohedral  crystals.  By  mixing  a  solution  of  the 
nitrate  with  a  soluble  oxalate^  phosphate,  tartrate,  citiat^ 
malate  and  saccharate,  compounds  of  these  acids  with  the  aame 
base  were  produced,  which  are  all  crystallizable  and  less  solnhk 
in  the  cold  than  the  nitrate.* 

These  salts  are  represented  as  containing  a  substance  Fb 
CI  N2  Hg,  of  the  same  character  as  ammonium : 

Hydrochlorate    .     .     .  Pt,Cl  N^  Hg+Cl. 

Nitrate Pt,  CI  Njj  Hg  O  +  NO5. 

Sulphate Pt,  CI  N^  Hg  O  +  SO3. 

Oxalate Pt»Cl  Nj,  Hg  O+Cj  O3. 

M.  Liebig  also  suggests  another  view,  that  these  salts  con- 
tain a  salt  of  platinum,  analogous  to  the  bichloride,  but  ii 
which  the  second  atom  of  chlorine  is  replaced  by  amidogen,tlu( 
isPt  +  Cl.NHj.  This  salt  is  combined  with  chloride  of 
ammonium,  in  the  hydrochlorate ;  which  thus  becomes  anali- 
gous  to  the  bichloride  of  platinum  and  potassium,  of  which 
the  new  salt  has  the  form.  The  nitrate,  sulphate,  and  oiahte 
are  compounds  of  nitrate,  sulphate  and  oxalate  of  ammonia 
with  the  same  salt  Pt  +  Cl.NHj.  This  last  view,  which  is  so 
simple,  is  opposed  by  the  fact  that  neither  chlorine  nor  platinum 
is  precipitated  from  these  salts  by  the  usual  reagents.  But  this, 
I  think,  is  not  a  sufficient  ground  for  its  rejection,  considering 
how  little  many  admitted  double  salts  are  affected  by  the 
reagents  which  precipitate  the  salts  individually  before  their 
combination,  such,  for  instance,  as  the  double  oxalate  of 
chromium  and  potasli. 

Corresponding  platinous  iodides  and  cyanides  have  been 
formed.  The  platinous  oxide  has  also  l)ccn  united  with  serenJ 
acids,  particularly  sulphuric,  nitric,  oxalic  and  acetic  acids;  but 
none  of  these  salts  has  been  crystallized,  except  the  oxalate. 

Peroxide  of  platinum^  Pfatinic  oxide,  Pt  O^,  1433.5  or  \US^' 
— By     precipitating    sulphate     of    platinum   with    nitrate  ^f 

•  G108,  An.  dc  Ch.  ct  dc  Ph.  t.  6%  p.  204. 
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B^  nitrate  of  platinum  is  obtained.  One  half  of  its  oxide 
Y  be  precipitated  by  soda,  from  the  last  salt,  but  when  a 
jer  quantity  of  alkali  is  added^  a  subsalt  is  thrown  down. 
B  precipitated  oxide  is  hydrated,  very  bulky  and  resembles 
fectly  peroxide  of  iron  precipitated  by  ammonia*  When 
ited,  it  first  loses  its  water^  and  becomes  black,  then  its 
fgen,  and  leaves  metallic  platinum.  Peroxide  of  platinum 
nliines  with  acids,  and  forms  a  class  of  salts,  which  are  either 
low  or  reddish  brown.  It  has  also  a  decided  affinity  for  bases, 
i  forms  insoluble  compounds  with  tlie  alkalies,  earths  and 
my  metallic  oxides.  It  forms  also,  like  peroxide  of  gold,  a 
bninating  ammoniacal  compound,  discovered  by  Mr.  E.  Davy. 
Bitulphuret  of  platinum,  Pt  S^,  is  formed  by  adding  a  solution 
'  bichloride  of  platinum,  drop  by  drop,  to  a  solution  of  sul- 
tivet  of  potassium.  It  is  dark  brown  and  by  desiccation 
Boomes  black.  When  dried  in  open  air,  a  portion  of  its 
i^ur  is  converted  into  sulphuric  acid,  by  the  absorption  of 
ijgen,  and  the  mass  becomes  strongly  acid. 

Biddoride  of  platinum,  Pt  Cl^,  2119  or  169.78.— Is  obtained 
7  ooncentrating  the  solution  of  platinum  in  aqua  regia.  as  a 
Bd  ssline  mass,  which  becomes  brown  when  deprived  of  its 
Her  of  crystaUization  by  heat.  The  solution  of  this  salt  when 
m^  is  an  intense  and  unmixed  yellow ;  the  red  colour  which  it 
ndly  exhibits  being  due  to  iridium  or  to  protochloride  of 
htiiram.  Bichloride  of  platinum  is  soluble  in  alcohol,  and  the 
ihtion  is  used  to  separate  potash  in  the  analysis  of  a  salt. 
Ittsdt  being  first  ignited,  to  expel  ammonia,  is  dissolved  in  a 
Bnimam  of  water,  and  the  solution  mixed  with  chloride  of 
ktfaram,  a  yellow  granular  precipitate  falls,  if  the  salt  contains 
Qtish,  which  may  be  washed  with  diluted  alcohol,  and  dried, 
bs  hundred  parts  of  this  salt  are  equivalent  to  19.33  parts  of 
Otauh,  and  to  40.39  of  platinum. 

CUoride  of  platinum  and  potamum,  KCl  +  Pt  CLj,  is  the  salt 
^Udi  fills  on  mixing  chloride  of  platinum  with  chloride  of 
■Qteniam  or  any  other  salt  of  potash.  The  crystalline  grains 
f  trtiich  it  is  composed  are  regular  octohedrons.  This  salt  is 
ohble  to  a  certain  extent  in  water,  but  is  wholly  insoluble  in 
kohd.  It  is  anhydrous.  A  very  intense  bright  red-heat  is 
^^oired  for  its  complete  decomposition.  The  double  chloride 
fpkHmm  and  sodiumj  Na  Cl+Pt  Cl^+^HO,  crystallizes  in 
^^(Qtifiil  transparent  prisms  of  a  bright  yellow  colour.     It  is 
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soluble  in  alcohol  as  well  as  in  water.    When  a  solation  id 
this  salt  in  alcohol  is  distilled  till  only  one-foorth  of  tbe  ^nd 
remains^  the  solution  when  evaporated  gives  a  salt  oontni^ 
the  elements  of  ether,  belonging  to  a  class  of  compoundi  dis- 
covered by  Professor  Zeise,  and    known    as    the    etherind 
salts  of  Zeise.      The  chloride  of  platinum  and    ammomm 
resembles    the     double    salt   of   potassium.      Bonsdorff  htf 
formed  a  large  class  of  compounds  of  bichloride  of  pladnu 
with  the  alkaline,  earthy  and  metallic  chlorides,  in  all  of  wUeh 
the  salts  are  united  in  single  equivalents.    The  bromides  and 
iodides  of  platinum  have  likewise  been  formed,  and  dasM  of 
double  salts  derived  from  them.    Peroxide  of  platinum  has  ibo 
been  combined  with   acids,  but  none   of   its  salts,  with  lb 
exception  of  the  oxalate,  obtained  in  a  crystalline  state. 

SECTION   II. 

PALLADIUM. 
Eg.  665.9  or  53.36;  Pd. 

This  metal  was  discovered  in  1803,  by  Dr.  Wollaston.  k 
is  precipitated  from  the  solution  of  the  ore  of  platinum,  afitf 
the  removal  by  sal  ammoniac  of  that  metal,  by  a  solation  i 
cyanide  of  mercury,  and  is  gradually  deposited  as  a  yellovii 
wliite  flocculent  powder,  which  is  cyanide  of  palladium,  vA 
yields  the  metal  when  calcined. 

In  external  characters,  palladium  closely  resembles  platimun* 
It  is  nearly  as  infusible,  but  can  more  easily  be  welded.  The 
density  of  the  fused  metal  is  11.3;  after  being  laminated  U-& 
At  a  certain  temperature,  the  surface  of  palladium  tamishei 
and  becomes  blue  from  oxidation,  but  when  more  stroi^ 
heated,  the  oxide  is  reduced.  It  is  very  slightly  attacked  bf 
boiling  and  concentrated  hydrochloric  and  sulphuric  scids. 
Palladium  dissolves  in  nitric  acid,  communicating  a  brownish 
red  colour  to  the  acid,  while  no  gas  is  evolved  if  the  tempen- 
ture  is  low,  the  nitric  acid  decomposed  being  converted  into 
nitrous  acid.  Palladium  dissolves  with  fiacility  in  aqua  r^i 
its  surface  is  blackened  by  the  tincture  of  iodine,  which  has  no 
effect  upon  platinum.  This  metal  has  a  considerably  grettsr 
affinity  for  oxygen  than  platinum.  It  forms  two  oxides,  the 
protoxide  of  palladium  Pd  O,  and  the  peroxide  Pd  O,* 


palladous  compounds. 
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Protoxide  of  pallndium,  Palladous  oxide,  Pd  O,  7^5.9  or 
1 ,3S, — ^This  oxide  is  obtained  by  dissolving  palladium  in  nitric 
"^cid,  CTaporating  the  solution  to  dryness,  and  calcining  the 
nitrate  by  a  gentle  heat.  It  forms  a  black  mass,  which  dis- 
solves with  difficulty  in  acids.  When  carbonate  of  potash  or 
9oda  is  added  in  excess  to  a  palladous  salt,  the  hydrated  prot- 
oxide precipitates  of  a  very  dark  brown  colour.  This  oxide  is 
easily  deprived  of  its  water  by  heat,  but  a  violent  calcination 
is  necessary  to  reduce  it  to  the  metallic  state. 

Frotosuiphuret  of  puUadium^  Pd  S,  is  obtained  by  precipita- 
tion of  a  palladous  salt  by  sulphuretted  hydrogen,  and  is  of  a 
dirk  brawn  colour,  or  is  prepared  by  the  direct  union  of  its  ele- 


Frotoehloride  of  palladium^  Pd  CI,  is  prepared  by  dissolving 
lium  in  hydrochloric  acid,  to  which  a  little  nitric  acid  is 
and  evaporating  the  solution  to  dryness,  to  expel  the 
88  of  acid.      The  compound  is  a  mass  of  a  dark  brown 
ookmr,  which  becomes  black  when  made  anhydrous  by  heat,  and 
maybe  fused  in  a  glass  vessel.     When  heated   in  platinum  ves- 
rit  becomes  contaminated  by  the  protochloride  of  that  metal. 
dissolved  with  chloride  of  potassium,    it  forms  a  double 
ttlt,  K  CI  -h  Pd  C\j  which  is  soluble  in    cold,  and  considerably 
i-aiore  so  in  hot  water,  and  crj^staliizes  in  four  sided  prisms,  of  a 
,  yellow.      Protochloride  of  palladium  also  combines  with 
ic  of  ammonium  and  chloride  of  sodium,  and  forms  double 
according  to  Bonsdorff,  with  most  other  chlorides.     Pro- 
ride  of  palladium  forms  two  ammoniacal  compounds  ;  one 
fwhich  is  insoluble,  greenish  yellow  and  anhydrous,  IMCI  +  NH3. 
Ptotocyanide  of  palladium^  Pd  Cy^  is  always    formed    when 
cyanide  of  mercury  is  added  to  a  neutral  solution  of  palladium, 
as  a  light  coloured  precipitate  which  becomes  grey  after  drying. 
When  the  solution  of  palladium  is  acid  no  precipitate  is  formed, 
\9xkA  when  the   solution  contains  copper,  the  precipitate  has  a 
colour.     Palladium  apj^ears  to  have  a  greater  affinity  for 
than  any  other  metal.     The  cyanide  of  mercury  even  is 
when  boiled  with  protoxide  of  palladium,  and  cya- 
s  of  palladium  formed.     When  this  cyanide   is  dissolved  in 
'tomonia,  and  the  excess  of  the  latter  allowed  to  escape  by  eva- 
pwation,  a   precipitate  of  brilliant,  colourless,  crystiiirme  plates 
t»  formed,  which  appears  to  be   ammoniacal  cyanide  of  palla- 
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NUrate  of  palladbmy  Pd  O,  NO5,  is  foraied  by  diMobing 
the  metal  in  nitric  acid ;  die  solution  dries  up  into  a  dari[  nd 
saline  mass.  When  an  excess  of  ammonia  is  added  to  this  alt, 
and  the  solution  evaporated  by  a  gentie  heat,  a  oolourkas  la- 
moniacal  nitrate  is  deposited  in  rectangular  tables. 

Peroxide  of  palladium^  Palladic  omde^  Pd  O,,  865^  or  69JS. 
—To  prepare  tiiis  oxide,  Berselius  recommends  a  solution  of  tin 
hydrate  or  carbonate  of  potash  to  be  added,  by  small  quantitia 
at  a  time,  to  the  dry  bichloride  of  palladium  and  potssnim, 
mixing  well  after  each  addition.  A  yellowish  brown  powder 
separates,  which  is  the  hydrated  peroxide,  retaining  a  litde  al> 
kali.  Washed  with  boiling  water,  it  loses  the  greater  part  of  iti 
combined  water  and  becomes  black.  This  oxide  dissolves  «idi 
difficulty  in  acids ;  the  solutions  are  yellow.  The  correspoadiq 
bisulphuret  of  palladium  has  not  been  formed. 

Bichloride  of  palladium^  Pd  Cl^  is  obtained  in  solntioa, 
when  protochloride  is  dissolved  in  concentrated  aqua  regis,  sad 
the  solution  only  slightiy  heated.  It  forms  a  solution  of  sodiriK 
a  brown  as  to  appear  black,  which  gives  a  red  precipitate  with 
chloride  of  potassium.  When  the  solution  is  diluted  or  heetedi 
chlorine  gas  is  evolved,  and  protochloride  of  palladium  rqvo- 
duced.  The  double  salt  of  this  chloride  and  chloride  of  potu- 
sium  is  obtained  by  treating  the  double  protocliloride  of  palls- 
dium  and  potassium  in  fine  powder  with  aqua  regia,  and  en- 
porating  the  supernatant  fluid  to  dryness.  It  forms  a  dnxiahir 
red  powder,  in  which  litde  octohedral  crystals  can  be  peroeiTedi 
both  the  palladic  and  palladous  double  chlorides  being  isooMV- 
phous  with  the  corresponding  compounds  of  platinum.  VVhco 
treated  with  hot  water,  this  double  salt  emits  chlorine,  and  is  in 
a  great  measure  decomposed.  The  salts  of  the  peroxide  of  pal- 
ladium are  scarcely  known. 

SECTION    III. 

IRIDIUM  AND  OSMIUM. 

Eg.  1233.5  or  98.84  ;  Ir. 

l^e  black  scales  which  remain  when  native  platinum  is  dtf- 
olvedinaqua  regia,  were   discovered   by   Mr.  SmitlisonTen- 


msLut  to  contain  these  metals  {Phih  Trans.  1804).  The  same 
aUoj  occurs  in  flat  white  metallic  grains  in  native  platinum* 
Iridium  has  also  been  observed  in  combination  witli  about  20 
per  cent  of  platinum,  eiystallized  in  octohedrons^  which  are 
whiter  than  platinum,  and  are  said  to  have  a  greater  density, 
namely  22,6G.  Osmium  and  iridium  are  separated  from  each 
Iklher,  with  considerable  difficulty,  by  processes  for  which  I 
must  refer  to  the  memoir  of  WoUaston  {PhiL  Trans.  1829,  p.  B% 
or  to  BerseUus,  (Traits,  t.  I,  p.  415). 

Indium  is  obtained  immediately  from  the  chloride,  by  decom- 

ing  that  salt  with  hydrogen  at  a  gentle  heat,  or  by  exposing 

alone  to  a  very  high  temperature,  in  the  form  of  a  grey  me- 

CJdlie  powder,  much  resembling  spongy  platinum.     It  is  one  of 

the  most  refractory  bodies  known,  not  being  fused  by  the  oxi- 

hfdrogen  blow  pipe.     Mr.   Children,   however,    succeeded   in 

fusing  a  portion  of  iridium  into  a  globule^  by  the  discharge  of  a 

large  voltaic  battery.    This  globule  was  white  and  very 

ant^  but  still  a  little  porous;  its  density  was  18.68.     In- 

lium  becomes  white  and  brilliant  by  strong   ignition,  without 

iiioOt  and  is  afterwards  insoluble  in  acids.     If  reduced  by  hy- 

n  at  a  low  temperature,  it  oxidates  slowly  when  heated  to 

iness,  or  when  digested  in  aqua  regia.     This  metal  is  gene- 

lly  rendered  soluble  by  one  or  other  of  the  following  operations, 

'It  is  calcined  vnth  hydrate  of  potash  or  nitre,  or  witii  a  mixture 

tf  tbeae  salts,  which  gives  a  compound  of  deutoxide  of  iridium 

ilkd  potash.     Or,  the  metal  is  reduced  to  a  hnc  powder  and  in- 

Umatdy  mixed  mth  an  equal  weight  of  chloride  of  potassium  or 

•odium,  Rud  the  mixture  heated  to  low  redness  in  a  stream  of 

chlorine  gas.     The  metal  then  combines  with  chlorine,  and  the 

double  chloride  of  iridium  and  potassium  or  sodium  is  formed, 

thich  is  soluble  in  water. 

Oxides  of  iridium, — Iridium  fonns  four  compounds  with  oxy- 
po,  which  are  obtained  by  decomposing  the  corresponding 
cUorides,  The  protojcide  of  hidium^  It  O,  is  obtained  from 
loride  produced  when  iridium  is  heated  in  chlorine  gas. 
by  precipitatiijg  the  double  chloride  of  iritliura  and  potas- 
«um  (KCl-hlrCl)  by  carbonate  of  potash.  The  hydrate  is 
obtained  of  a  greenish  grey  colour,  which  is  soluble  in  an 
•ictas  ol'  the  alkaline  carbonate.  Tins  oxide  is  the  base  of  a 
^^  of  salts.  The  deutoxide  of  tridmrn^  Ir,  O,,  is  formed 
^1^  the  metal  is  calcined  with  hydrate  of  potash  or  nitre,  and 
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is  the  state  of  oxidation  which  iridium  most  readily 
Berzelius  recommends  as  the  best  process  for  procuring  it,  M> 
mix  the  double  bichloride  of  iriditiin    and    potassium  (K  Cl+ 
Ir  Cy  with  twice  its  weight  of  carbonate  of  potasli,  and  to  ex« 
pose  it  to  a  low  red  heat.     On  dissolving  out  the  alkaline  salt, 
the  deutoxide  remains  as  a  very  fine  powder,  of  a  black  ooloor 
with  a  shade  of  blue.     A  heat  above  the  melting  point  of  sihv 
is  required  to  expel  the  oxygen  from  this  oxide.     It  b  rediKsed 
to  the  metallic  state  by  hydrogen  gas  at  the  usual  temperaSan^ 
which  appears  to   arise  from  the  oxide    of  iridium  haTii^tlit 
property,  as  well  as  the  metal,  to  determine  the  oxidation  rf 
hydrogen,  a  reaction  which  causes  the  oxide  to  be  heated  to  Uw 
temperature  at   which  it   is  itself  reduced  by  hydrogen*    Th« 
hydrate   of  this  oxide  dissolves  in  acids  and  forms  a  particiiltf 
class  of  salts,  of  which  the  solutions  are  sometimes   of  a  Tcry 
dark  colour,  resembling  a  mixture  of  water  and  venous  blood 
Binascide  of  iridium^  or  iridic  oxide,  Ir  O^,  baa  not  been  ob» 
tained  in  a  separate  state,  but  exists  in   a  class  of  salts,  tnm 
which  this  oxide  is  not  precipitated  by  an  alkali.     PeroMi  9f 
iridium^  Ir  O^,  or  susiridic  oxide,  is  formed  in  small  quanti^ 
when  the  alloy  of  osmium  and  iridium  fused  in  nitre  is  diga/tti 
in  aqua  regia*    TJje  double   perchloride  of  iridium  and  poti*- 
Slum  then  formed  yields  a  rose-red  solution.     The  salts  of  tk 
protoxide  and  peroxide  afford  blue  and  purple   solutions  wto 
mixed,  depending   probably  on  the   formation  of  one  or  BWit 
combinations  of  these  oxides-     The   name  iritUum  (from  Iw} 

I  was  applied  to  this  metal,  from  the  variety  of  coloura  wfaich  iH 
preparations  exhibit. 

I       Sulphnrets  of  iridium  corresponding  witli  the  oxidea  of  ^ 

I  same  metal  have  been  formed, 

'       Chlorides  of  iridium. — ^The  proiochhride,    Ir  CI,  is  fomii 

1  when  iridium  in  powder  is  heated  to  low  rednr      '      -  larine  pt^ 
As  thus  prepared  it  is  insoluble  in  water,  but  ^  sohihleb 

hydrochloric  acid.  It  forms  double  salts  with  chlorides  of  po- 
tassium, ammonium  and  sodium.  ITie  sesqm-^hhnde^  Ir,CV 
also  forms  double  salts,  but  which  are  not  crystalHiable.  1^ 
Mehlorule  of  iridium  forms  a  double  salt  with  chloride  of  pot«»- 
Slum,  in  l)rilliant  black  octohedral  crystals,  corresponding  inik 
the  bichloride  of  platinum  and    potassium-     The   bichloride  ^ 

indium  and  sodium  is  also  isomorphou:*  with  the  correspondnf 

fplatinuTij  salt* 
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Cta^&tei  o/iHdimm.'^Wben  a  coherent  mass  of  iridiam  is 
held  in  the  flame  of  a  spirit  lamp,  black  masses  appear  on  its 
which  are  a  carburet,  containing  19.83  per  cent  of  car- 
ij  or  Ir  C4.    The  carbon  bums  off  readily  in  the  air. 

OSMIUM. 
Eq.  1244.5  or  99.72;  Os. 

Ib  tlie  treatment  of  the  alloy  of  iridium  and  osmium,  the  lat- 
w  is  separated  as  a  volatile  oxide,  or  osmic  acid.  To  obtain 
la  mefcd,  a  solution  of  osmic  add  is  mixed  with  hydrochloric 
and  digested  wi<ih  mercury  in  a  well  closed  bottle  at  a 
1  of  104®  (40®  cent.).  The  osmium  is  reduced  by  the 
y,  and  an  amalgam  formed,  which  is  distilled  in  a  retort 
an  the  mercury  and  calomel  formed  are  removed :  osmium 
as  a  black  powder  without  metallic  lustre.  When  ren- 
[  coherent,  osmium  is  a  white  metal,  less  brilliant  tihan  pla- 
and  very  easily  pulverised.  Its  density  is  about  10. 
obtained  from  the  amalgam,  osmium  is  highly  combustible ; 
a  mass  of  it  is  ignited  at  a  point,  it  continues  to  redden, 
bums  without  residue,  being  converted  into  the  volatile 
or  osmic  acid.  Osmium  in  the  same  condition  is  oxi- 
by  nitric  acid  or  aqua  regia,  and  the  osmic  add  formed 
over  with  the  water  and  add.  But  after  being  exposed 
to  a  red  heat,  osmium  becomes  much  less  combustible  in  air, 
mad  18  not  oxidated  by  the  humid  way,  resembling  silicon  and 
titfrwHim  in  that  respect.  Five  different  oxides  of  this  metal  are 
ODumerated,  but  osmic  acid  is  the  only  one  of  these  which  is 
Amned  directly ;  the  others  are  obtained  by  the  decomposition 
of  oorrespondijig  chlorides.  The  three  lowest  of  these  oxides 
1  analogous  in  composition  to  the  oxides  of  iridium. 
Ckhrides  and  oxides  0/ osmium.^^Vfhexi  osmium  is  heated  in  a 
glass  tube  by  a  spirit  lamp  and  chlorine  gas  passed  over  it, 
I  chlorides  are  formed,  which  condense  separately  in  the  tube, 
Ofwing  to  a  difference  in  their  volatility.  The  protochUnride, 
OoCly  which  is  the  least  volatile,  crystallizes  in  needles  of  a 
I  green  colour.  It  is  deliquescent,  and  forms  a  green  solu* 
;  remarkable  for  its  beauty.  This  solution  is  instantly  dis- 
ooloiired  by  great  dilution,  metallic  osmium  is  deposited,  and 
bydrochloric  and  osmic  adds  remain  in  solution.    Chloride  of 


692  OSMIUM. 

osmium  combines  with  alkaline  chlorides^  and  acquires  gmter 
stability.  The  protoxide  is  obtained  by  adding  potash  to  aio- 
lution  of  this  double  salt ;  after  some  hours,  a  deep  green,  slmoit 
black,  powder  is  precipitated,  which  is  the  hydrated  oxide. 
This  hydrate  contains  alkali.  It  dissolves  slowly  but  com- 
pletely in  acids,  and  gives  solutions  of  a  deep  green  colour. 

Deutoxide  of  osmium,  Os^Og,  is  obtained  by  heating  a  lois- 
tion  of  the  osnuate  of  ammonia  to  100^  or  140**,  when  nitroges 
gas  is  disengaged  and  deutoxide  deposited.  The  oxide  contiini 
ammonia.  It  dissolves  slowly  in  acids,  and  forms  ydkwiih 
brown  solutions,  which  become  of  a  brown  black  when  thcj 
contain  much  oxide.  The  metal  is  not  precipitated  from  dieie 
solutions  by  zinc  or  iron.  The  corresponding  sesguichhride  tf 
osmium  is  obtained  in  combination  with  diloride  of  potsunm, 
as  a  double  salt,  when  the  preceding  oxide  containing  amffladi 
is  dissolved  in  hydrochloric  acid,  and  evaporated  to  diynos; 
the  compound  is  not  crystalline. 

Bichloride  of  osmium,  Os  CI2,  is  the  more  volatile  chlorids 
produced  when  osmium  is  heated  in  chlorine.  It  Gondensei  si 
a  dark  red  floury  powder.  Exposed  to  air,  it  attracts  a  litkk 
moisture,  and  forms  dendritic  crystals.  This  salt  is  soluble  in 
little  water,  gi^'il1g  a  yellow  solution,  but  is  decomposed  by  a 
large  quantity,  like  the  protochloride.  The  bichloride  of  os- 
mium and  potassium  is  prepared  in  the  same  manner  as  the 
corresponding  salt  of  iridium.  In  powder,  it  is  of  a  red  co- 
lour like  minium,  but  forms  also  the  usual  octohedral  cmtals, 
KCl  +  OsCl^,  which  are  brown.  A  solution  of  this  double  sah, 
mixed  with  carbonate  of  potash  or  soda,  affords  after  a  time,  or 
immediately,  if  heated,  the  corresponding  peroxide  of  osmitmi 
Os  O2,  as  a  brown  powder,  which  appears  black  when  collected. 
It  is  a  base  capable  of  uniting  with  acids  at  the  moment  of  its 
formation.  This  oxide  like  the  peroxide  of  iridium  is  reduced 
by  hydrogen  at  the  usual  temperature. 

Osmic  acidy  Os  O^,  or  the  volatile  oxide  of  osmium  is  best 
obtained  by  the  combustion  of  osmium  in  a  glass  tube  throiij;k 
which  a  stream  of  oxygen  gas  is  passed.  It  condenses  in 
long  colourless,  regular  prismatic  needles.  The  odour  of  thii 
compound  is  extremely  acid  and  penetrating,  resembling  that 
of  the  chloride  of  sulphur.  It  was  from  this  propertr  ^ 
its  acid,  which  is  so  constantly  observed  when  the  oxidabk 
conij>ounds  of  osmium  arc  heated  in  air,  tliat  osmium  obtained 
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its  nsme  (from  oiTfto^  odour).  Its  taste  is  acrid  and  burning, 
but  not  acid-  It  becomes  aoft  like  wax  by  the  heat  of  the 
hand;  melts  into  a  colourless  liquid  like  water  considerably  be- 
lovr  212%  and  enters  into  ebullition  a  very  little  above  its  point 
of  fasion.  It  is  dissolved  slowly,  but  in  considerable  quantitVi 
by  water*  Tlie  solution  has  no  acid  reaction.  Osmic  acid  is 
also  soluble  in  alcohol  and  ether,  but  these  solutions  are  apt  to 
deposit  metallic  osmium.  It  is  a  weak  acid,  being  incapable  of 
displacing  carbonic  acid  from  tJie  carbonates,  in  the  humid  way, 
bat  forms  a  class  of  salts,  the  osmiates*  Osmic  acid  is  expelled 
by  heat  from  most  of  its  combinations  with  bases.  A  terchlo- 
fitk  of  osmium  has  l>een  obtained  in  combination  with  chloride 
of  ammonium,  as  a  double  salt,  when  osmic  add  is  saturated 
frith  that  alkali,  and  treated j  after  a  time,  with  an  excess  of  hy- 
Joric  acid,  mercury  being  also  placed  in  contact  with  it* 
a  few  days,  the  liquid  loses  the  odour  of  osmic  acid,  and 
ihen  evaporated  to  dryness  leaves  the  double  salt,  in  brown 
itic  crystals.  The  oxide  corresponding  with  tliis  chloride, 
I  Oj  is  hypothetic  It  cannot  be  extracted  from  the  above  am- 
nioniacal  compound^  for  when  an  alkah  is  added  to  it,  ammo- 
^m  which  is  set  free  immediately  reduces  the  precipitated  oxide 
\  the  state  of  deatoxide. 

Sidphurets  of  osimum, — Osmium  has  a  great  affinity  for  sul- 
burning  in  the  vapour  of  that  substance,  and  appears  to 
\  as  many  degrees  of  sulphuration,  as  it  possesses  oxides, 

SECTION     IV. 
RHODIUM. 


Eq.  651.4  or  52.2;  R, 

This  metal  was  discovered,  by  WoUaston,  in  the  ore  of  pla- 
tinum.    He  found  the  ore  from  Brazil  to  contain  0.4   per  cent ; 
mtive  platinum  from  another  locality  has  been  found  with  so 
as  S  per  cent  of  rhodium. 
After  the  precipitation  of  the  palladium  from  the  solution  of 
^pbtinum,  by  cyanide  of  mercury,  the   solution,  in  order 
the  rhodium,  may  be  mixed  with  a  little  hydrocho- 
acid,   and  evaporated  to  dryness.       The  cyanide  of  mer- 
is    decomposed    by    the    hydrochloric    acid, 


I 

J 


G94  RHODIUM. 

and  converted  into  chloride  of  mercury.  The  dried  mus  is 
reduced  to  a  very  fine  powder,  and  washed  with  aloohd  of 
density  0.837)  which  takes  up  the  double  chlorides  ofso£om 
with  platinum  and  iridium,  the  copper  and  mercury,  but  leafei 
the  double  chloride  of  rhodium  and  sodium  in  the  form  of  a 
fine  deep  red  powder.  The  rhodium  is  most  easily  reduced  bf 
gently  heating  the  double  chloride  in  a  stream  of  hydrogen  gp% 
and  afterwards  washing  out  the  chloride  of  sodium  by  water. 

Rhodium  when  rendered  coherent,  is  a  white  metal  like  pb- 
tdnum,  of  which  the  density  is  about  11.  It  is  brittle  and  nrj 
hard,  and  may  be  reduced  to  powder.  When  pure,  it  it  not 
dissolved  by  any  acid.  But  when  alloyed  with  certain  metab^ 
such  as  platinum,  copper,  bismuth  or  lead,  and  exposed  to 
aqua  regia,  it  dissolves  along  with  those  metals.  When  fiised 
with  gold  or  silver,  however,  it  is  not  dissolved  with  the  otkr 
metal.  But  the  most  eligible  mode  of  rendering  rhodium  soh- 
ble,  is  to  mix  it  in  fine  powder  with  chloride  of  potassium  or 
sodium,  and  to  heat  the  mixture  to  low  redness  in  a  stretm  of 
chlorine  gas.  A  double  chloride  is  then  formed,  as  withdtt 
other  platinum  metals  in  similar  circumstances,  which  is  mrj 
soluble  in  water.  The  solutions  of  rhodium  have  a  beaatifcl 
red  colour,  the  circumstance  from  which  the  metal  derives  iti 
name  (from  po^oi',  a  rose).  Rhodium  may  also  be  rendered  so- 
luble in  the  dry  way,  by  fusing  it  with  bisulphate  of  potaih* 
when  the  metal  is  oxidated  with  the  escape  of  sulphurous  uH 
gas.  Rhodium  is  the  most  oxidable  of  the  platinum  metabf 
combining  with  oxygen  when  heated  to  redness  in  an  open  tci- 
sel,  and  very  readily  when  in  fine  powder  and  heated  to  a  cheiTT 
red  heat.  It  appears  to  form  two  oxides,  the  rhodous  and  the 
rhodic,  of  which,  however,  the  last  only  has  been  isolated. 

Oxides  of  rhodium. — Rhodic  oxide,  Rj  O3,  is  produced  when 
the  metal  is  ignited  with  hydrate  of  potash  and  a  little  nitre,  in 
a  silver  crucible.  The  metal  swells  up  and  becomes  of  a  coffee 
brown,  it  is  then  a  compound  of  rhodic  oxide  and  potash,  vhicb 
must  be  washed  with  water  and  afterwards  digested  in  hy- 
drochloric acid ;  the  hydrated  oxide  remains  of  a  grey  coloor 
with  a  shade  of  green  and  insoluble  in  acids.  The  same  hydnted 
oxide,  as  obtained  from  the  double  chloride  of  rhodium  and 
potassium  or  sodium  by  precipitation  with  an  alkali  and  evapo- 
ration, dissolves  slowly  in  acids,  with  a  certain  quantity  of  alkali 
which  is  attached  to  it,  assuming  a  yellow  colour  and  producing 
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doaUa  salts.  The  solution  in  hydrochloric  acid  is  also  pale, 
iltlioiigh  it  contains  chloride  of  potassium,  while  a  solution  of 
&e  double  chloride  prepared  in  the  way  formerly  mentioned  is 
a  fine  red.  Hence  Berzelius  infers  that  there  are  two  isomeric 
Bodifioations  of  this  oxide,  of  which  the  combinations,  when  in 
■ointion,  are  respectively  yellow  and  rose  coloured.  The  hy- 
diatad  rhodic  oxide  contains  one  atom  of  water,  R3O34-HO ; 
two  compounds  of  rhodic  oxide  with  a  protoxide  of  the  same 
metal  or  rhodous  oxide,  appear  to  exist,  R,03+3RO  and 
B9O3  +  2RO.  The  known  compounds  of  rhodium  are  not  iso- 
mevphous  with  compounds  of  platinum,  but  this  may  arise  from 
dieae  twa  metals  affecting  combination  in  different  proportions, 
eo  diat  their  compounds  are  not  analogous  in  composition.  Their 
■■■nrintinn  and  resemblance  in  other  respects  afford  a  strong 
presumption  of  their  being  isomorphous  bodies. 

Su^kurei  of  rhodium, — Rhodium  may  be  united  with  std- 
phiir  by  either  the  dry  or  humid  way.  The  sulphuret  of  rho- 
dimn  was  used  by  Wollaston  to  obtain  the  metal  in  a  coherent 


Chloride  o/rhodiumi  RjCl,  is  obtained  from  the  double  chlo- 
I  of  rhodium  and  potassium,  by  precipitating  the  latter  metal 
by  fluosilicic  add.  The  dry  salt  is  of  a  brown  black  and  not 
crystalline,  it  requires  a  pretty  high  temperature  to  decompose 
il^  and  then  resolves  itself  at  once  into  chlorine  and  rhodium. 
Hus  salt  deliquesces  in  air ;  its  solution  in  water  is  of  a  beau- 
tifbl  red  colour.  It  appears  to  exist  in  combination  with  a 
pratsochloride  of  rhodium,  in  the  rose  red  powder  obtmned  by 
heating  rhodium  in  a  stream  of  chlorine,  R3CI3  4-  2RC1.  The 
doable  chloride  0/ rhodium  and  potassium,  prepared  by  the  action 
of  chlorine  upon  a  mixture  of  rhodium  and  chloride  of  potas- 
Bom,  is  2KCI  +  R1CI3  +  2HO.  It  retains  this  water  at  212^ 
Imt  loses  it  at  a  higher  temperature,  this  salt  rarely  crystallizes 
,  WtSl,  but  its  crystals  according  to  Wollaston,  are  rectangular 
Ibmr  sided  prisms,  terminated  by  four  sided  pyramids.  The 
fermula  of  the  double  chloride  of  rhodium  and  sodium  is  3Na 
^+RsCl3+18HO;  it  forms  large  prismatic  crystals.  Their 
edntion  is  of  a  beautiful  rose  colour. 

A  sulphate  of  rhodium  is  formed  when  rhodium  is  ignited 
mth  bisulphate  of  potash,  it  gives  a  yellow  solution.  Another 
sulphate  in  combination  with  sulphate  of  potash  gradually  fails 
as  a  white  powder,  when  sulphurous  acid  is  added  to  a  sobxtioii 
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of  the  double  chloride  of  these  baaes.  It  is  nearly  insoUUe 
in  water,  its  formula  is  KO,  SOa+RaOj,  3SO3.  The  nUrtU^I 
rhodium  is  formed  by  dissolving  the  oxide  in  nitric  add.  It 
forms  a  deliquescent  salt  of  a  dark  red  colourj  R9O3+3NO1; 
the  last  salt  combines  with  nitrate  of  soda,  forming  dark  red 
crystals  soluble  in  water  but  not  in  alcohol,  NaO,  M05+B/)p 
3NO5, 


I 


PART    III. 
ORGANIC    CHEMISTRY 


CHAPl'ER  I. 

SECTION    1. 

PRELIMINARY  OBSERVATIONS 


Bt  oiganic  substances  are  meant  definite  chemical  compounds, 
HQid  ready  formed  in  organized  beings,  and  their  modifications 
lodooed  by  artificial  processes  which  may  be  greatly  varied. 
kse  substances  are  known  to  be  definite  in  composition  when 
My  are  crystaUiEable,  or  when  they  enter  into  compounds  that 
le  crystallizable ;  or  have^  if  liquid,  a  fixed  boiling  point. 
II  dieir  number,  which  has  been  vastly  increased  by  late  re- 
aches, are  found  many  acids,  several  alkaline  bodies,  and  a 
ige  dasa  of  neutral  substances  which  cannot  be  assimilated  to 
iy  dass  of  inorganic  compounds.  Recent  inquiries  have 
iidosed  some  unexpected  relations  between  different  organic 
ibttances^  and  supplied  the  means  of  associating  groups  of 
lem  firom  similarity  of  composition.  There  is  the  same  evi- 
aice  of  the  existence  in  these  substances  of  compound  radicals, 
Ideh  may  be  transferred  firom  a  state  of  combination  with  one 
eaent  to  another,  as  in  the  compounds  of  the  inorganic  kingdom 
owed  to  contain  such  constituents;  although  the  organic  radicals 
lUiot  be  isolated  and  exhibited  in  a  separate  state,  except  per- 
pa  in  a  single  instance.  The  radicals  most  characteristic  of 
ganic  compounds,  hitherto  investigated,  are  of  the  basyle 
tas,  bodies  resembling  therefore  the  metallic  elements  in  their 
Kaedons  and  the  series  of  compounds  with  salt  radicals  which 
^  are  capable  of  forming.  Of  all  these  hypothetical  radicals 
^TDonium  has  served  as  the  prototype ;  they  are  allowed  how* 
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ever  to  differ  in  one  respect  from  amnaoniam  and  the  metalsi 
namely  in  combining  readily  with  hydrogen,  which  element  acts 
towards  them  as  a  salt-radical.  The  supposed  prevalence  of  ndi 
radicals  in  the  constitution  of  organic  compounds  has  kd  M. 
Liebig  to  define  organic  chemistry  as  the  ehemutry  rf  com- 
pofind  radicals ;  the  whole  of  which  indeed  as  sore  of  a  btijb 
character,  including  ammonium  itself,  may  be  property  auigieil 
to  this  department  of  the  science. 

Many  organic  substances  are  highly  complex  and  contnnt 
large  number  of  atoms;  a  circumstance  which  renders  them  m; 
liable  to  change,  and  has  led  to  the  observation  of  pecoitf 
modes  of  decomposition  among  organic  compounds,  indicatin 
novel  modes  of  the  action  of  chemical  affinity. 

COMPOSmON  OF  ORGANIC  SUBSTANCES,  AND   METHOD  OF 
ANALYSIS. 

The  elements  which  usually  enter  into  organic  substancei  n 
few  in  number,  namely  carbon,  hydrogen,  oxygen  and  nitrago. 
Some  organic  substances  contain  only  carbon  and  hydrogen,  b 
olefiant  gas  and  other  hydro-carbons ;  more  frequently  ctiboi, 
hydrogen  and  oxygen,  as  sugar,  gum,  many  neucral  bodies,  and 
most  organic  acids.  To  th^se  a  fourth  element  is  added, 
nitrogen,  in  the  vegeto-alkalies  and  various  other  compoandi 
which  belong  more  usually  to  tlie  anima]  than  vegetable  divi- 
sion ;  indeed  carbon  prevails  in  the  organic  world,  as  siliooo 
does  in  the  mineral,  and  as  most  minerals  are  silicates,  fo 
organic  substances  are  the  compounds  of  carbon.  To  tbae 
elements  certain  others  are  occasionally  added,  although  moii 
usually  by  artificial  processes,  as  chlorine  in  the  place  of 
hydrogen,  and  sulphur,  phosphorus,  arsenic  or  tellurium  in  tint 
of  oxygen.  The  elementary  analysis  of  organic  matters  is  deto^ 
mined  with  much  exactness,  and  by  means  so  simple  and 
rapid  of  execution  as  to  render  an  ultimate  analysis  often  the 
most  ready  test  of  the  purity  of  a  substance.  The  procen 
followed,  consists  in  burning  the  matter  to  be  analysed  by  means 
of  oxide  of  copper,  so  as  to  convert  its  carbon  into  carbonic 
acid  and  its  hydrogen  into  water,  which  are  both  collected  and 
weighed ;  when  the  matter  contains  nitrogen,  the  latter  is  col- 
lected in  the  form  of  gas.  The  oxygen,  which  the  matter  containsi 
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is  represented  by  the  excess  of  its  weight  oyer  the  sum  of  the 
wights  of  the  carbon,  liydrogen  and  nitrogen  found.  I  shall 
Merely  sketch  the  outline  of  this  fundamental  and  highly  im- 
poKtent  process,  referring  for  the  minute  instructions  necessary 
far  ks  exact  execution  to  Ptofessor  Idebig's  valuable  tract  on 
Qlganio  Analysis.* 

?Ilie  nitrate  of  copper,  decomposed  by  a  red  heat  in  an 
•prflienware  crucible,  gives  a  fine  light  oxide,  very  suitable  for 
0ie  combustion  process,  and  of  which  a  considerable  quantity 
■past  be  provided.  It  is  a  property  of  this  oxide  to  be  reduced 
iiidi  extreme  facility  at  a  red  heat,  by  carbon  or  hydrogen,  and 
■t  the  same  time  to  resist  an  intense  temperature,  when  heated 
■part  from  combustible  matter,  without  losing  a  particle  of 
oxygen.  The  substance  to  be  analysed,  or  burnt  with  oxide  of 
copper,  we  shall  suppose  to  be  sugar. 

The  tube  for  combustion  is  of  tlie  most  difficultly  fusible  glass, 
free  from  lead;    no  variety  answers  better  for  it  than  the 
ariiite  Bohemian  glass.     It  is  generally  about  0.4  inch  in  inter- 
nal diameter,  and  14  or  15  inches  long,  drawn  out,  bent  and 
Fig.  85.  sealed    at  one  end, 

,  I  ^  as  represented  (Fi- 

i  I  \        ^  gure  85,)  and  open 

fSBBMBmmmmmmmmmmmmmmmmm    at  the  other.  Tohave 


measure  of  the  quantity  of  oxide  of  copper  to  mix  with 
Aa  substance  to  be  analysed,  the  tube  is  to  be  filled  to 
9uaa  fourths  of  its  length  with  pure  oxide  of  copper,  out 
if  a  crucible  in  which  it  has  just  been  ignited,  and  while 
%  \m  yet  warm.  From  5  to  7  grains  of  dry  loaf  sugar  in 
ina  powder  are  first  ruboed  in  a  porcelain  mortar  with  a  littie 
nddCy  with  which  it  is  intimately  mixed,  and  by  degrees  the 
jj^ole  oxide  of  copper  is  added,  which  was  measured  in  the 
|d|pa.  Having  first  introduced  pure  oxide  of  copper,  so  as  to 
01  •bout  half  an  inch  at  the  closed  end  of  the  tube,  the  mixture 
WfKk  the  mortar  b  then  introduced,  followed  by  a  portion  of 
l^jStf^  employed  to  rinse  out  the  mortar,  and  the  last  covered 
Dftpare  oxide,  so  as  to  fill  up  the  tube  to  within  one  inch  of 


*  T^iBilaled  bf  Dr.  W.  Oregoiy,  and  formiDg  Part  I  of  Or lAn's  Scientific  Mil- 
^Bny*    T^iSSv  London. 
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its  Open  extremity.  The  lengths  occupied  by  the  different 
layers  of  pure  oxide,  mixture,  rinsings  of  mortar  and  agato  pore 
oxide  are  indicated  by  dotted  lines  in  the  figure.  The  w^^lit  of 
tlie  whole  oxide  of  copper  used  generally  exceeds  1200  gnins. 
In  these  operations,  the  oxide  of  copper  inevitably  abMrbia 
quantity  of  moisture  from  the  air,  which  may  amount  to  OLf 
or  0,3  graiti,  and  which  coming  off  afterguards  during  the  ig- 
nition would  vitiate  the  determination  of  the  hydrogen*  The 
tube  and  oxide  must  tlierefore  be  dried  by  a  heat  which  mH 
not  decooipose  the  sugar.     This  is  done  by  placing  the  cam- 

FiG.  8G, 


bustion  tube  C,  in  a  wooden  trough  D,  (Fig*  86)  and 
it  with  sand  of  the  temperature  of  25(r ;  connecting  it  at  tk 
same  time  by  a  perforated  cork  A,  with  a  tube  B,  oont 
fragments  of  chloride  of  calcium^  and  an  exhausting  syringti 
By  means  of  the  latter,  air  and  moisture  arc  witlidrawn  ffom 
tlie  combustion  tube,  the  moisture  being  retained  by  tht 
chloride  of  calcium  in  B ;  air  is  then  admitted  to  C  by  ih^ 
stopcock  a,  and  withdrawn  again  by  the  syringe  ten  or  tweltf 
times.     The  mixture  may  then  be  considered  dry. 

The  funiace  for  the  combustion  is  roadeofshe^t  iron  of* 
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Fig.  87. 


trough  form  (Fig.  87),  22  to  24 

inches  long  and  3  inches   high. 

I  The  bottom  is  3  inches  wide,  with 

narrow  apertures   about  half  an 

inch   apart,    which  form  a  sort 

of  grate;    the  sides  of  the  fur- 

s  inclined  outwards,  and  4\  inches  apart  at  top.    To 

Jitapport  the  combustion  tube,  pieces  of  strong  sheet  iron  of 

Fig.  88.  ^^  ^^^"^  ^y  (^'  ®^)»  ""^  rivetted  to  the 

bottom  of  the  furnace,  at  intervals ;  they  are 
of  exactly  equal  height,  with  their  edges 
ground  flat,  and  correspond  with  the  round 
aperture  in  the  front  of  the  furnace,  A.  The  furnace  rests 
"vpon  two  thin  bricks  supported  upon  two  blocks  of  wood,  which 
■re  separated  a  little  by  a  wedge,  so  as  to  elevate  slightly  the 
Artber  end  of  the  furnace  as  in  Fig.  89. 


WE 


Fig.  89 


When  the  heat  is  to  be  increased,  the  furnace  is  raised  a 
little  on  one  side,  by  a  thin  bit  of  tile  placed  below.  Good 
duurooal,  is  the  fuel  employed  in  this  furnace ;  the  combustion 
'  be  animated  by  fanning  the  burning  embers  with  a  square 
of  pasteboard ;  which  is  safer  than  raising  the  furnace 
the  bricks.  Immediately  connected  with  the  combustion 
,  by  means  of  a  perforated  cork,  is  a  tube  of  the  form  b 
69),  containing  fragments  of  strongly  dried,  but  not  fused 
of  calcium.  In  this  tube  is  condensed  the  water 
in  the  combustion,  of  which  the  weight  is  ascertained 
llf  weighing  the  tube,  before  and  after  the  combustion.  Beyond 
thediloride  of  calcium  tube  and  connected  with  it  by  a  short  caout- 
ciMmc  tube,  c,  is  a  glass  instrument  p  m  r,  containing  a  strong 
solution  of  caustic  potash,  of  density  1.25  to  1.27,  for  the  ab* 
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sorption  of  the  carbonic  acid  produced  in  the  conilroftkiii. 
This  instrument  consi^s  of  five  balk,  of  which  m  is  larger  than 
the  others  5  no  more  of  the  potash  ley  is  put  into  it  than  fill* 
the  three  central  bulbs,  leaving  a  bubble  of  air  in  each. 
oomer  is  elevated  a  little  by  a  cork  placed  under  it» 
whole  supported  upon  a  folded  towel ;  the  potash 
when  filled  with  ley,  commonly  weighs  from  750  to  900 
This  apparatus  is  also  weighed  before  and  after  the  comhitftiOBy 
and  the  increase  ascertained. 

Before  introducing  the  combustion  tube  into  the  furnace,  il 
must  be  tapped  smartly  in  a  horizontal  position,  so  aa  to  pft^ 
duce  a  vacant  space  above  the  oxide  of  copper  through  the 
whole  length  of  the  tube,  by  which  the  gaseous  products  nuif 
escape  (Fig.  85).     The  same  precaution  roust  be  taken  m  tk 
preparatory  operation  of  drying  the  oxide  of  copper,  othervin 
it  often  happens  that  a  portion  of  the  oxide  is  thrown  forwilA 
out  of  the  tube.     Before  beginning  the  combustion,  it  is  neof- 
sary  to  ascertain  that  all  the  joinings  are  tight,  by  sucking  ool 
a  bubble  or  two  of  air  from  the  apparatus,  by  means  of  tin 
Fig.  90.    s^c^i*^"  tube   (Fig.  90),  applied  by  means  of  i 
forated  cork  not  fitting  very  tightly  to  the  ojica 
of  the  potash   apparatus.     The  slight  exhaufb*Jii 
causes  the  ley  to  stand    I  i  or  2  inches  higher 
the  inner  limb  m  of  the   potash  apparatus  than i? 
the  outer  limb.     This  elevation  will  be  maintaint*^ 
if  no  air  enters  by  the  cork  or   caoutchouc  j'>i  ^ 
and  the  apparatus  is  then  certainly  tight,  but  not  so  ii  ti  - 
level  changes  and  the  liquid  falls  back  into  the  middle  part  of 
the  apparatus. 

In  conducting  the  combustion,  the  anterior  portion  of  thr 

tube,  containing  only  oxide  of  copper,  is  firat  surrounded  bj 

red  hot  charcoal.     The  fragments  of  charcoal  are  kept  in 

place  and    the  beat   prevented  from  spreading,  by  a 

Fra*    91,  (Fig.  91)  of  sheet  iron,  of  the  aame  width  as  tkt 

^^^         furnace*  This  screen  is  slowly  moved  baekwaiil%  fcf 

\      jl      half  an  inch  to  an  inch  at  a  time,  and  Ilia  firt  ■!■* 

^^^J§      immediately  filled  up  with  red  hot  charooal,  »o  te  •" 

raise  rapidly  the  portion  of  tube  newly  expo«d<» 

a  red  heat,     A  screen  (Fig.  92)  should  be  placed  upon  the  £«•• 
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g2.  o(  the  furnace,  to  prevent  the  cork  being  burned  and 
B  the  chloride  of  calcium  tube  being  heated^  hj  radiation 
jj^B  from  the  furnace.  But  die  fore  end  of  the  tube,  which 
\W  is  empty  and  projects  an  inch  beyond  the  furnace, 
id  be  kept  ao  hot  during  the  whole  operation  that  no 
r  condenses  in  it;  in  the  course  of  twenty  minutes  or 
m  hour  the  screen  has  been  moved  to  the  end  of  the  tube, 
the  combustion  completed.  When  the  evolution  of  gas 
(  all  at  once,  the  combustion  is  certainly  complete,  and  a 
result  is  obtained;  the  tube  should  be  heated  red  hot,  but 
to  bright  redness ;  it  begins  to  stick  to  the  supports  when 
m1  too  hot 

I  soon  as  the  evolution  of  gas  terminates,  the  potash  ley 
18  to  rise  into  the  bulb  m.  The  pointed  extremity  of  the 
lustion  tube  should  then  be  broken  by  means  of  a  pair  of 
By  after  removing  the  charcoal  from  that  end  of  the  furnace, 
ipen  tube  A,  12  or  15  inches  long,  is  then  placed  over  the 
ted  end,  and  supported   by  a  stand,  (Fig.  93),  while  by 

Fig.  93. 


us  of  the  suction  tube  B,  a  certain  quantity  of  air  is  drawn 
hi  mouth  through  the  potadi  apparatus.  The  whole  wa- 
vqpoor  and  carbonic  add  remaining  in  the  combustion 
\,  affe  thus  brought  into  the  chloride  of  calcium  tube  and 
«b  apparatus,  and  completely  absorbed. 
be  data  furnished  by  the  combustion  afford  the  means  of 
olating  the  composition  of  the  substance  analysed^  as  the 
poailion  of  water  and  carbonic  acid  is  known,  the  former 
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consisting  of  I  hydrogen  and  8  oxygen  in  9  parts,  and  ihe 
latter  of  27.(>75  carbon  and  72.325  oxygen  in  100  parts: 

The  hydrogen  is  one  ninth  of  the  increase  of  weight  in  tli« 
chloride  of  calcium  tube- 

The  carbon  is  27-67  per  cent  of  the  increase  of  weight  in  th 
potash  bulbs. 

The  oxygen  is  the  quantity  obtained  by  adding  the  weigte 
of  the  hydrogen  and  carbon  together,  and  deducting  their  sum 
from  the  weight  of  matter  originally  employed. 

The  foUowhig  are  the  details  of  a  particular  analysis  olmffi 
(Dumas). 

Weight  of  Sugar.  .  *  .  600 
Weight  of  Carbonic  Add*  921 
Weight  of  Water.     .    .    .    353 

These  give  by  calculation  t — 

Carbon 254.C,  ,42.4 

Hydrogen.     .     .     .       39.2..  6.5 
Oxygen 306.2.  .5 M 

GOO     ..109 

The  atomic  constitution  of  sugar  is  obtained  from  th^c 
sultsj  by  dividing  the  quantities  of  carbon,  hydrogen  and  oxygtii 
in  the  last  column,  by  their  equivalents,  76,   12.5    and  10 
We  thus  obtain  0.558  of  an  equivalent  of  carbon,  O.SSO  irfl 
equivalent  of  hydrogen  and  0,511  of  an  equivalent  ofoxygpT 
which  are  more  nearly  proportional  to  the  following  than  tfj 
other  whole  numbers,  12  carbon,  11  hydrogen,  11  oxygen  ^  v\i 
give  C^2Hl|0^,,  the  usually  received  formula  for  cane  sugar* 

The  estimation  of  nitrogen,  when  present  in  an  organic  sufcl' 
lance,  requires  another  combustion  in  which  that  gas  is  detir 
mined  by  measurement.  Tins  gas  generally  escapes  in  a  b^ 
state,  mixed  with  the  carbonic  acid  and  watery  vapour ;  W 
frequently  deutoxide  of  nitrogen  is  formed,  which  renden  ^ 
determination  of  the  nitrogen  difficult;  to  deconv  '     'J"^ 

it  is  necessary  to  have  a  portion  of  copper  turi'     _^ 
tenor  part  of  the  tube,  which  are  kept  at  a  full  red  beat  (htfif 
the  combustion,  as  from  the  screen  tn  (Fig.  94)  to  the  mcmth^ 
the  tube.     This  is  followed  by  a  layer  of  pure  oxide  from  n  *** 
B,  and  then  the  mixture  from  11  to  A ;  as  soon  aa  tkt  eoff^ 
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Fig.  94. 
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imd  oxide  are  at  a  red  heat,  the  tube  is  heated  from  the  closed 
end,  a  second  screen  n  being    gradually  advanced  from  that 
extremity.     When  the  proportion  of  nitrogen  ia  not  inconsi- 
derable, it  is  generally  sufficient  to  determine  its  relation  by 
volume  to  the  carbonic  acid  evolved  at  the  same  time.     This  is 
dt>n€  by  attaching  a  bent  quill  tube   (Fig,  94)  to   the  mouth  of 
the  combustion  tube,  by  which  the  gas  evolved  is  conveyed  to 
the  mercurial  trough,  and  collected  at  different  stages  of  the 
combustion  in  a  small  graduated  jar*     By  passing  up  a  few 
drops  of  caustic  potash  into  the  gas  in  the  jar,  the  carbonic 
add  is  absorbed  and  the  nitrogen  remains.     If  the  proportion 
between  the  volumes  of  the  two  gases  thus  observed  is  the 
:      tame  in  several  successive  trials,  and  no  red  nitrous  fumes  be 
L     perceived  on  mixing  the  gas  with  air,  this  result  is  sufficient 
Hpr  the  nitrogen.     The  whole  quantity  of  carbonic  acid  pro- 
^^aced  in  the  combustion  being  known  from  a  previous  analysis 
conducted  in  the  usual  way,  we  can  obtain   the  volume  of  ni- 
trogen by  calculation,  and  thence  its  weight.  Or,  as  two  volumes 
of  carbonic  acid  and  of  nitrogen  represent  both  one  atom  of 
onbon  and  nitrogen,  the  atoms  of  these  two  gases  are  in  the 
«ame  number  as  the  volumes   obser\xd ;    consequently  when 
the  weight  of  the  carbonic  acid  is  known,  that  of  the  nitrogen 
may  be  calculated  from  the  atomic    weights  of  carbonic  acid 
»nd  nitrogen. 

For  the  analysis  of  uric  acid,  in  which  the  volumes  of  the  ni- 
trogen and  carbonic  collected  are  as  4  to  10,  and  of  bitartrate  of 
mmonia  in  which  they  are  as  1  to  8,  this  method  answers  very 
well,  but  when  the  proportion  of  nitrogen  is  smaller  than  thelastj 
or  when  the  nitrogen  appears  in  a  variable  proportion  at  different 
tages  of  the  analysis,  then  it  is  necessary  to  collect  and  measure 
ttie  whole  nitrogen  evolved,  which  is  not  easily  done  with  accuracy. 
To  get  rid  of  the  nitrogen  of  the  air  contained  in  the  tube,  a 
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combustion  tube  is  chosen  21  inches  long,  6  inches  of  which  at 
the  closed  end  are  filled  with  carbonate  of  copper,  then  fuUa«r 
2  inches  of  pure  oxide  of  copper,  next  the  mixture  of  the  subi- 
tance  with  oxide  of  copper,  then  another  layer  of  pure  tixide, 
and  lastly  a  layer  of  copper  turnings.     The  air  is  exhainted 
from  the  tube  by  a  syringe,  and  the  tube  filled  with  carbonic 
acid  by  heating  one  half  of  the  carbonate  of  copper ;    the  «• 
haustion  and  evolution  of  carbonic  acid  are  several  times  ifr 
peated,  till  the  whole  air  is  certainly  withdrawn  from  the  tob^ 
and  the  latter  h  filled  with  carbonic  acid.  The  combustion  of  tlic 
mixture  is  then  conducted  as  in  the  previous  case,  the  gmM 
however  are  received  in  a  large  graduated  jar,  over  mercury,  half 
full  of  a  strong  solution  of  caustic  potash.     After  the  coiD- 
bustion  is  oonipleted,  heat  is  again  applied  to  the  end  of  tbc 
tube  containing  the  remaining  half  of  the  carbonate  of  cop] 
and  carbonic  acid  evolved  which  sweeps  out  the  last  purtii 
of  nitrogen  into  the  receiver,  where  the  voluiDe  of  that 
observ^ed. 

MM.  Will  and  Varrentrapp  have  lately  proposed  the  follow- 
ing excellent  method  of  determuiing  the  nitrogen  in  ofguiic 
substances,  which  is  likely  to  supersede  every  other.  The  aub- 
stance  is  mingled  witli  a  mixture  of  caustic  lime  and  hydrate  <if 
soda,  and  heated  to  redness  in  a  combustion  tube.  AU  iix 
nitrogen  of  the  substance  escapes  as  pure  ammonia,  which 
be  condensed  in  a  small  apparatus  containing  dilute  hydrocli 
acid-  Tliis  liquid  is  afterwards  mixed  with  chloride  of  platin 
and  brought  to  dryness  in  a  water-bath;  the  double  chlofidi 
of  platinum  and  ammonium  remaning  is  washed  with  a  aiztsit 
of  alcohol  and  ether,  in  which  it  is  perfectly  insoluble*  Tta 
quantity  of  nitrogen  is  calculated  from  the  weight  of  the  chloii^ 
of  platinum  and  ammonium,  or  from  the  metallic  pUlinttfli 
which  it  leaves  behind  when  heated  to  redness. 

Oxide  of  copper  is  not  applicable  for  the  combustion  of  sob- 
tances  cont^uning  chlorine,  owing  to  the  volatility  of  dit 
chloride  of  copper,  a  portion  of  which  passes  into  the  cblori* 
of  calcium  tube,  and  vitiates  the  determination  ot'  the  hydrofefl* 
Chromate  of  lead  is  then  employed  in  tlic  combustion  ufc 
with  Uie  same  manipulations  as  with  oxide  of  copper.  'P^ 
salt  must  first  be  strongly  ignited  till  it  begins  U^  melt  i^ 
then  be  reduced  to  a  very  fine  powder  j   the  chloride  of  \mi  * 
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perfectly  fiited  at  a  low  red  heat*  The  chromate  of  lead  is  not 
ill  the  slightest  degree  hygroscopic,  and  is  likely  to  be  preferred 
to  oxide  of  copper,  where  it  is  desirable  to  determine  the 
proportion  of  hydrogen  with  extreme  accuracy. 

Notwithstanding  the  great  value  of  the  anal)iical  results  of  this 
method,  and  the  agreement  almost  perfect  in  repetitions  of  the 
mme  analysis,  there  can  belittle  doubt  that  the  method  itself  is 
not  absolutely  exact.  From  tlie  rigorous  examination  to  which 
the  combustion  process  has  lately  been  submitted  by  M.  Dumas, 
it  appears  to  give  less  than  the  true  quantity  of  carbon.  The 
loss  of  carbon  is  ascribed  to  several  causes  :  some  is  deposited 
here  and  there  in  the  tubes  and  for  want  of  oxygen  not  burned ; 
the  reduced  copper  is  partly  converted  into  carburet  of  copper  j 
the  liquid  potash  allows  a  portion  of  the  carbonic  acid  to  escape, 
and  lastly  the  air  which  is  drawn  through  the  apparatus  takes 
up  some  w^ater  from  the  same  potash  and  diminishes  its  weight. 
This  loss  of  carbon  was  hitherto  concealed  by  carbonic  acid 
being  allowed  to  contain  more  carbon  than  it  really  has,  so 
tkat  the  carbon  lost  in  the  process  was  made  up  in  the  calcu^ 
m;  and  the  formulie  deduced  from  analyses  are  only 
firoro  the  accidental  compensation  of  these  two  errors, 
reduces  the  proportion  of  carbon  in  carbonic  acid  from 
to  27-27  per  cent,  and  obtains  for  the  atom  of  that 
ieat  the  number  75,  instead  ofjGA.  This  important  result 
has  deduced  by  collecting  and  weighing  the  carbonic  acid  pro- 
iced  by  the  combustion  of  a  known  weight  of  pure  charcoal,  in 
forms  of  graphite  and  the  diamond.*  Drs,  Marchand  and 
rdman  of  Berlin  have  repeated  these  analyses  with  the  same 
lulta;  it  is  now  indeed  generally  allowed  that  the  atomic 
tight  of  carbon  of  Berzelius  is  too  high,  but  chemists  are 
it  yet  agreed  as  to  the  amount  of  reduction  to  be  made. 
'MM.  Uedtenbacher  and  Liebig  conclude  that  the  atomic 
weight  of  carbon  is  the  intermediate  number  7^.854,  from  an 
eUborate  series  of  experiments  undertaken  to  determine  the 
pgint,  in  which  the  proportion  of  silver  in  the  acetate,  malate, 
neemate  and  tartrate  of  that  base  was  ascertained  with  great 
aoctiracy ;  the  atomic  weight  of  silver,  respecting  which  there 
IsIttUe  uncertainty,  being  taken  at  135  L6.     It  has  also  been 

•  MM.   Dumju  and   SUas»  Anaalei   dc  Chiniiu  ct  tie   Pliysiiiuc,  Sme.   Sirie, 
tofiiel,p«5.    (1811). 
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shewn  by  Dr.  Clark  that  when  ocrtain  corrections  lire       

the  calculations  of  Berzelius'  experiments,  they    reaUy  ghre  ft 
number  for  carbon  nearly  approaching  to  this. 

To  give  tlie  process  of  organic  analysts  all  the  precisioa  of 
which  it  is   susceptible,   M,  Dumas  requires   attentioQ  to  the 
fullowing  circumstances.     !•  To  triple  at  least  the  quantity  of 
matter  usually  employed.     2.  After  the  ignition  of  the  coob- 
bustion  tube  to  pass  through  it  a  large  quantity  of  oxygen,  m 
as  to  burn  the  deposited  carbon  and  re-oxidate  all  the  coppCTi 
which  gets  rid  of  the  carburet  of  copper,     3,  For  the  reception 
of  the  water  to  employ  a  chloride  of  calcium  tube  acoaropiaied 
by  a  tube  filled  with  fragments  of  pumice  impregnated  with  oil 
of  vitrioL     4,  To  absorb  the  carbonic  acid,  Liebig's  biilb  ap- 
paratus containing  solution  of  potash  is  to  be  used,  accompanied 
by  tubes  containing  potash   moistened  with  the  potash  ley  on 
one  side,  and  dry  potash  on  the  other ;  the  dry  potash  arresta 
the  water  with  wliich  the  gas  has  become  charged  by  pas^n; 
through  the  liquid  in  the  bulbs,*     The  most  important  obser* 
vation  of  Dumas  is  that  tlie  combustion  of  the  carbon  is  nenr 
complete,  unless  oxygen  be  passed*  through  the  tube  oontainiif 
the  mixture  of  oxide  of  copper  and  matter  to  be  analysed,  md 
the  matter  be  thus  bujrned  in  an  atmosphere  of  oxjrgen. 
is  the  principle  of  the  method  of  organic  analysis  originall] 
tised  by  Dr.  Prout,  by  which  he  was  led  to  the  conclusii 
the  atom  of  carbon  is  exactly  6  on  the  hydrogen  scale,  or 
on  the  oxygen  scale.t     M*  Dumas^  who  now  adopts  this 
elusion,  lias  therefore  been  conducted  to  it  by  a  recurreaBCtt 
Dr.  Prout's  own  mode  of  investigation. 


MODIFICATIONS   OF  ORGANIC  COMPOUNDS   PRODUCED  Bf 
ARTIFICIAL   PROCESSES.     ^ 

It  is  generally  stated  that  no  substances  properly  org^ci 
be    produced    by    directly    uniting    their    ultimate 
although  a  few  organic  compounds  may  be  formed  from 


•  AoDiilfs  dc  Cliituie  et  tie  Physique,  3me  S^rie,  tome  l,  !>•  3$.  irtiirrt  ll« 
provrcl  i*roce6»  ii  nunuk'ly  described  aud  ihe  ipparnlof  %iireil. 
t  PLiL  Trtai.  1827 ;  or  Bratide*«  Manual  ofChcmmirft  f-  llKiO. 
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tanees  less  complex  tlian  themselves,  but  which  arc  not  ele- 
mentary; as  uiica  from  cyanic  acid  and  ammonia,  the  acid 
named,  in  common  with  cyanogen  itself  and  all  its  compounds, 
being  considered  organic,  because  usually  derived  from  the  de- 
composition of  azotised  matters.  But  it  has  unequivocally  been 
proved  that  nitrogen  gas  unites  with  charcoal  under  the  influence 
of  carbonate  of  potash  at  a  red  heat^  and  forms  cyanide  of  po- 
tasjmim  (L.  Thompson,  Fownes),*  The  last  salt  also  yields 
ammonia  when  decomposed  by  water ;  so  that  cyanogen,  and 
through  cyanogen  ammonia,  can  be  primarily  derived  from 
their  elements  contained  in  the  inorganic  world.  The  usual 
course  however  pursued  by  the  chemist  in  this  department  is 
to  form  new  compounds  by  the  alteration  of  compounds  sup- 
plied to  him  by  nature.  These  changes  he  effects  by  various 
igencies,  such  as  hydrate  of  potash,  distillation  by  heat,  acids, 
oxygen,  chlorine,  &c.  The  most  uniform  and  definite  of  these 
actions  are  those  of  a  hydrated  alkali  and  dry  distillation, 

DUtillation  with  an  alkalu — When  an  organic  substance  con* 
taining  no  nitrogen  is  fused  with  a  sufficient  quantity  of  hydrate 
of  potash,  no  charcoal  is  liberated.  The  products  formed  arc 
those  which  result  from  oxidatioh ;  water  is  generally  decom- 
posed, of  which  the  oxygen  enters  into  combination  with  the 
hydrogen  and  carbon  of  the  organic  matter,  while  the  hydrogen 
is  disengaged  as  gas.  Thus  when  acetate  of  soda  is  decomposed 
by  hydrate  of  barytes,  the  hydrogen  of  the  latter  is  liberated. 
M.  Dumas  has  shewn  that  alcohol  and  other  bodies  of  the 
same  character,  distilled  at  a  moderate  heat  with  a  mixture  of 
hydrate  of  potash  and  quicklime,  each  gives  rise  to  a  peculiar 
acid,  which  remains  in  combination  witli  the  potash,  by  losing 
2  eq.  of  hydrogen  (disengaged  as  gas),  and  acquiring  2  eq.  of 
oxygen  ;  alcohol  to  acetic  acid,  wood  spirit  to  formic  acid,  fousel 
oil  to  valerianic  acid,  ethal  to  ethalic  acid  ;  and  that  this  mode 
of  decomposition  is  characteristic  of  alcohols.  Glycerine,  which 
in  some  respects  resembles  an  alcohol,  when  treated  in  the 
aame  way,  but  at  a  very  low  temperature,  does  not  give  a  pe- 

tciiliar  glyceric  acid,  but  resolves  itself  into  acetic  and  formic 
acids,  vfrith  the  loss  of  two  equivalents  of  hydrogen  and  assump- 
tion of  two  of  oxygen.     Acetone  transmitted  in  the  state  of 
*  Origiaally  observed  by  Desfoises;  JotiniRl  Ce  Ptmrmiicie,  i,  14,  p*  280  (1S28). 
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vapour  over  the  mixture  of  hydrate  of  potash  and  lime 
to  redness^  gives  nothinE^  but  carbonic  add,  which  reniEliii  in 
combination  with  the  alkali,  and  light  carburett^d  hydro^i 
C2H4,  The  vapour  of  aldehyde  passed  over  the  same  mixtufe 
at  a  lower  temperature  gives  acetate  of  potash  and  free  hydxogHii 
losing  only  one  equivalent  of  hydrogen  and  acquiring  one  of 
oxygen,  or  the  reaction  is  similar  to  what  occurs  widi  the  ncil 
substance  to  be  mentioned,  to  which  aldehyde  has  cansid«riUt 
analogy.*  Oil  of  bitter  almonds  distilled  with  dry  hydfute  of 
potash,  gives  hydrogen  gas  and  benzoate  of  potash. 

According  to  the  temperature,  ulmic,  acetic  and  oxalic  adii 
appear  in  other  cases,  or  carbonic  acid  only.  Thus  tartaric  aod 
fused  with  hydrate  of  potash  gives  the  acetate  and  oxalate  d 
potash.  Acetate  of  potash  distilled  with  a  mixture  ofhydralBa 
of  potash  and  lime,  gives  carbonate  of  potasli  and  light  «r- 
buretted  hydrogen  gas,  which  on  that  account  is  also  named  the 
gas  of  the  acetates.  Formic  acid,  alcohol,  and  bodies  in  gcnml 
consisting  of  carbon,  oxygen  and  hydrogen,  when  distilled 
anhydrous  barytes,  give  the  same  gas.  When  subataoeea 
taining  nitrogen  are  boiled  in  a  solution  of  r  '  p 
or  fused  with  the  dry  hydrate,  ammonia  is  evoU  1 

containing  no  nitrogen  remain  in  combination  with  the  potaik 
Some    bodies  containing  much    nitrogen   lose  only, 
hydrate  of  potash,  a  portion  of  their  nitrogen  in    tli 
ammonia ;  and  the  rest  acquiring  oxygen,  assumes  the  form 
cyanic  acid,  and  is  protected  by  the  potash  from  &rtlier 
composition. 

When  the  acetate  of  any  metalhc  ostide  capable  of  nrtiiiiilf 
carbonic  acid  at  a  red  heat,  such  as  the  acetate  of  soda,  potnW 
barytcs,  &c.,  is  distilled,  a  carbonate  remains  in  the  rtlofV 
while  a  combustible  liquid,  acetone  C3H3O  distils  ovA 
M.  Fremy  has  shewn  that  sugar,  starch  and  all  *^  *  -  t 
compounds  of  carbon,  hydrogen  and  oxygen,  in  * 

last  are  in  the  proportion  to  form  water,  are  ftrronnwiwi 
when  heated  in  contact  with  lime  in  the  same  maniier  • 
acetic  acid.  They  afford  acetone,  with  water  and  Garboiiic  aa«^ 
Benzoic  acid  distilled  with  three  times  its  weight  gf  byiirtlc 
of  Ume  forms  carbonate  of  lime,  with  a  volatile  liquid  Cj^  U# 


*  AnoAlca  rlc  Chtinic  cide  rbyiiquci  tome;3,pw  ItJ* 
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the  bensin  of  Mitscfaerlich  and  bicarburet  of  hydrogen  of 
Faraday.  The  neatral  benzoate  of  lime  gives  with  other  pro- 
ducts the  liquid  benzone,  CisH^O.  Distilled  from  lime  stearic, 
margaric  and  oleic  acids  lose  the  elements  of  carbonic  acid,  and 
ibnn  neutral  volatile  products,  stearone,  margarone  and  oleone. 
Tlie  names  of  such  pyrogen  bodies  terminate  in  one  as  contain 
ime  atom  of  oxygen  and  are  neutral.  Margarone  carried  in  its 
tarn  over  lime  at  a  red  heat,  loses  its  oxygen,  in  the  form  of 
carbonic  acid,  and  paraffin  is  produced,  which  is  a  binary  com- 
pound of  carbon  and  hydrogen.  Thus  the  alkali  determines 
diroughout  the  formation  of  a  highly  oxidised  add  body,  with 
wbach  it  unites  and  the  other  products  are  consequently  partially 
or  completely  deoxidised. 

Dry  dUtiUatian. — Many  organic  substances  are  volatile  and 
may  be  distilled  at  a  moderate  heat  without  alteration,  such  as 
aloohol  and  most  essential  oils ;  but  a  larger  number  are  fixed. 
The  latter  when  submitted  alone  to  distillation  usually  abandon 
Qubon,  and  form  new  and  more  simple  volatile  products. 
Iliree  periods  are  distinguished  by  Liebig  in  the  dry  distillation 
of  the  fixed  organic  acids,  from  the  different  compounds  formed 
■ooording  to  the  temperature.  In  the  first,  organic  acids  of 
lew  atomic  weight  are  produced,  with  carbonic  acid,  water  and 
inflammable  liquids  soluble  in  water,  llie  bibasic  and  tribasic 
organic  acids,  by  losing  the  elements  of  water  and  carbonic  acid, 
ire  converted  into  their  volatile  pyr-acids,  which  are  less  basic, 
lenerally  monobasic ;  thus  tartaric  acid  C^H^Ojo  is  converted 
into  pyrotartaric  acid  C5H3O3,  by  losing  three  atoms  of  car- 
iionic  acid  CjO^  and  one  atom  of  water  HO  ;  but  these  pyr-acids 
san  rarely  be  distilled  again  by  themselves,  without  partial  de- 
XKnposition.  In  the  second  period  of  the  distillation,  bo<lics 
are  obtained  which  result  from  the  destruction  of  the  preceding 
sompounds ;  thus  the  oxygen  of  the  acids,  uniting  with  tlie 
saibon  and  hydrogen  of  the  combustible  bodies,  gives  rise  to 
more  simple  bodies,  such  as  carbonic  oxide,  carbonic  acid  and 
irater ;  some  charcoal  is  generally  set  at  liberty,  while  another 
portion  of  it  enters  into  combination  with  the  excess  of  hydro- 
jgen,  and  produces  liquid  or  solid  volatile  hydrocarbons.  In 
tihe  last  period,  nothing  is  obtained  but  charcoal  and  a  gaseous 
mixture^  principally  composed  of  carbonic  acid,  carbonic  oxide, 
olefiant  gas  and  light  carburetted  hydrogen.    Substances  con- 
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taining  nitrogen 9  give  ammonia  in  the  first  period ,  and 
or  hydrocyanic  acid  in  the  last. 

The  decomposition  of  citric  acid  by  heat,    has   been   rnofB 
minutely  investigated  than  any  other,  by  M,  Crasso,  and  ii 
particularly  interesting  from  the  variety  of  products  it  affords, 
at  different  stages  of  the  decomposition.     After  losing  its  wal«r 
of  crystallization,  the  citric  acid,  Ci^HjOj,,  first  undergoes  a 
decomposition,  of   which  the    products  are  a  new  and  filed 
acid,  aconitic  acid,  C^  li^  O^,  also  found  in  nature  being  Ifat 
acid  of  the  aconiium  napeilus,  together  with  one  atom  of  acelxiQt 
C3  Hj  O,  four  atoms  of  carbonic  oxide  C4  O4,  and  one  atom  of 
carbonic  acid  C  O3,     By  a  continuance  of  the  beat*  the  fixed 
aconitic  acid  itself  is  decomposed,  three  atoms  of  it  C^^  U^  O^^ 
affording  two  atoms  of  a  volatile  pyr-acid,  named  itaconic  acid 
2  (Cg  H3  O4),  and  two  atoms  of  carbonic  acid  C^  O4.     The 
itaconic  acid  again  is  decomposed  when  heated  to  ita  point  of 
ebullition,  and  gives   a  more  volatile  and  stable    acid,  naoicd 
citraconic  acid   C5H3O4,  which  is  consequently  isomeric   witb 
the  preceding  acid.    It  is  believed,  however^  by  Crasso,  that  tk 
last  is  the  only  monobasic  acid  in  tlie  scries,  and  that  tl 
formulae  of  the  hydrates  of  the  three  new  acids  produced 
decomposition  of  citric  acid  by  heat,  are,  with  tliat  of  the  an- 
ginal acid  itself : 


Citric  acid-     .     , 
Aconitic   acid,     . 
Itaconic   acid. 
Citraconic    acid. 


C,^H,Oi,+3HO 
C,,H,0,  +2HO 


By  the  united  action  of  heat  and  bases,  other  transform 
of  acids  have  been  effected.     Thus  malic  acid  is  convcrtt-u  ■ 
fumaric  and  equisetic  acids,  and  citric   acid  into  aconitic  and 
tartaric  acids,  when  their  compounds  with  oxide  of  anUmonf  ^''^ 
potash  are  heated  so  long  as  water  is  disengaged* 

ACTION   OFOXYGKN  —  EREMACAUStS. 

Organic  compounds  when  dry  and  in  a  state  01  i^^mv 
are  generally  capable  of  resisting  the  action  of  the  air  <" 
of  free  oxygen,  at  the  usual  temperature ;  but  a  consWenAk 

•  Aonnles  f!c  Cliirnie  ct  de  Physique,  3ofe  Sfri«»  tooie  |.  |k  311. 
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lumber  are  affected  by  that  element;  the  Tarious  essential 
md  fixed  oils  absorb  oxygen  in  different  degrees,  the  first 
jeooming  resins  and  the  second  acquiring  the  drying  pro- 
perties of  varnishes  ;  the  essential  oil  of  bitter  almonds  is  gra- 
iudly  converted  into  benzoic  acid,  and  the  vapour  of  ether 
pMSCB  slowly  into  acetic  acid,  while  white  indigo  and  other 
Bokraring  principles  undergo  remarkable  changes  from  a  rapid 
ilieorption  of  oxygen.  The  direct  oxidation  of  alcohol  and 
Bdier^  which  gives  rise  to  acetic  acid,  is  greatly  favoured  by  the 
BODtBCt  of  spongy  platinum.  The  highly  oxygenised  acids  act 
intli  much  more  energy  upon  organic  compounds  and  give  rise 
to  Tsrious  products  according  to  the  quantity  of  oxygen  com- 
■nmicated.  Thus  alcohol  is  converted  by  oxidating  matters, 
into  acetal,  aldehyde,  acetic  acid,  formic  acid,  oxalic  acid,  car- 
bonic acid  and  water.  In  these  reactions,  the  oxygen  is  fre- 
qioently  observed  to  affect  the  hydrogen  exclusively,  which  is 
jbenverted  into  water,  while  a  quantity  of  oxygen  exactly  equi- 
velent  to  the  hydrogen  thus  withdrawn,  enters  into  combination 
with  the  remaining  elements,  and  appears  to  be  substituted  for 
tihe  hydrogen.    Thus  by  the  action  of  four  atoms  of  oxygen, 

one  atom  of  alcohol  €41150'+ HO,  two  atoms  of  hydrogen 
t  withdrawn  as  water,  while  two  atoms  of  oxygen  are  at  the 

time  absorbed  by  the  remaining  elements  of  the  alcohol, 
wbich  becomes  hydrated  acetic  acid  C^HjOj  +  HO.  When 
anbydrous  sugar  C^^HgOg  is  treated  with  hypermanganate  of 
potash,  the  nine  atoms  of  hydrogen  which  the  former  contains 
ne  replaced  by  nine  atoms  of  oxygen,  and  six  atoms  of  oxalic 
■dd  formed  6C^O^. 

The  presence  of  water  greatly  promotes  the  action  of  the 
mygeii  of  the  atmosphere  upon  organic  substances.  The  name 
wnmaeausis  has  been  applied  by  Liebig  to  the  slow  combustion 
or  oxidation  of  organic  matters  in  air.  V^etable  juices  eva- 
pontad  by  a  gentle  heat  in  air  allow  a  brown  or  brownish  black 
MdMrtance  to  precipitate,  known  as  extractive  matter^  and  similar 
in  properties  from  whatever  juice  it  is  formed.  It  is  insoluble 
sparingly  soluble  in  water,  but  dissolved  with  facility  by 
By  the  action  of  air  upon  solid  animal  or  vegetable 
B,  a  similar  pulverulent  brown  substance  is  formed  known 
According  to  an  observation  of  De  Saussure,  the 
awdust  of  oak  wood  converts  oxygen  into  carbonic  acid,  without 

1    A    A 


PRELIMINARY   OBSERVATIONS* 

any  change  of  the  volume   of  the  gan ;    but  while  dry 
lost  three  parts  by  weight  of  carbon  in  this  way,  it  dimini&bed 
in  weight  by  fifteen  parts  altogether,  shewing  that  twelve  ptfti 
of  water  were  at  the  same  time  separated  from  the  wood.  Hence 
the  proportion  of  carbon  in  decaying  wood  increases  with  dii 
progress  of  its  decay ;    and  it  is  concluded  that  the    hydragai 
only  is  oxidised  at  the  expense  of  the  oxygen  of  the  air,  whit 
the  carbonic  acid  is  formed   from  tlie  elements  of  the  wood 
(Liebig).     The  composition  of  pure  woody  fibre  or  lignin  bdnf 
031^11^022^  two  different  specimens  of  mouldered   oak  woodf 
(thehurans  from  oak  wood)  were  found  to  be  Cj^H^O^tai 
Cg^H^gOip,,  or  for  every  two  atoms  of  hydrogen  oxidised  by  tta 
air,  one  atom  of  carbonic  acid  (COj)  has  l*een  formed  at  the 
same  time  from  the  elements  of  the  wckhI  and  set  free.     When 
water  is  present  and  the  access  of  air  restrained,  the  decooipo^ 
sition  of  wood  appears  to  proceed  in  a  different  mmooer;  fcf 
while  carhonic  acid  is  generated  as  before,  a  certain  qaaiitity  rf 
water  enters  into  chemical  combination,  white  mouldering  beech- 
wood  being  found  to  have  a  composition  corresponding  witJi 
the  formula  033112502^.    There  is  reason,  however,  to  snppoie 
the  interference  in  such  cases  of  mouldering,  of  a  spedei  d 
fermentation  such  as  was  observed  when  rags  were  plaoed  ia 
heaps  and  wetted  in  the  preparation  of  a  substance  for  tijc  &r 
brication  of  paper,  according  to  the  old  process  in  uae  bdow 
the  application  of  chlorine.    The  rags  liocame  warm  and  ^ 
engaged  a  gas,  while  their  weight  diminished  from  IS  to  25  pa 
cent.     It  is  probable  that  in  tbis,  as  well  as  other  putrefactite 
processes,  the  oxygen  of  the  water  assists  in  the  formation  o* 
carbonic  acid* 

Wood  coal  or  brown  ooal,  which  retains  the   stnictiize  tf 
the  wood  unchanged,   appears   to   bo  produced    by   a  maS^ 
process  a{  decomposition.     A  spedmeri  free  from  btt)iinttHin« 
matter  was  found    to   have  a   composition    expressed  hv  *' 
formula  CggHg^Oj^;   and  may  therefore  have  been 
from  woody  fibre  by  the  separadun  of  one  equivalent  ot 
and  three  equivalents  of  carbonic  acid.     In  all  varieti< 
coal,  the  proportion  of  oxygen  in  relation  to  the   h\ 
diminished,  these  elements  existing  in  the  original  «uuu> 
in  the  same  proportion  as  in  water,  indicating  ^d&M^tf^^ 
of  carbonic  acid  from  their  substance,  which  appesm  ilin  ti>  jfi 
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mt  at  great  depths  in  all  the  strata  of  wood  coal.  Tlie  compo^ 
ahion  of  the  splint  coal  of  Newcastle  and  cannel  coal  of  Lan- 
oashire  being  C24HJ3O,  according  to  the  analyses  of  both 
Bichardson  and  Regnault,  mineral  coal  is  obviously  formed  from 
woody  fibre  in  a  different  manner  from  brown  coal.  The  com* 
position  of  both  splint  and  cannel  coal  is  obtained  by  the  subtrao* 
Ifam  of  3  atoms  of  carburetted  hydrogen,  S  atoms  of  water,  and 
9  atoms  of  carbonic  acid  from  the  formula  of  wood  (Liebig) : 


Thxaeatomsofcarburettedhydrogen.  CjH^ 

Tluree  atoms  of  water H3O3 

Nine  atoms  of  carbonic  acid.     .     CyOjg 


Mineral  coal. 


C36HMOjj,=WO0d. 

CiaH^Oji 


C24H13O 


Caking  coal  from  Caresfield,  near  Newcastle,  is  C^HgO,  or 
fttains  the  elements  of  cannel  coal,  minus  the  constituents  of 
oleiant  gas  C4H4  (Liebig).  The  inflammable  gas  of  coal  mines 
io  prindpally  light  carburetted  hydrogen,  but  it  has  been 
obaervied  by  Bischoff  occasionally  accompanied  by  notable  quan* 
tftios  of  olefiant  gas.  Such  decompositions^  however,  are  not 
doe  to  eremacausis,  and  indeed  take  place  in  materials  covered 
by  such  a  mass  of  strata  as  must  entirely  exclude  air,  but  are 
mam  anal<^ous  to  the  internal  reactions  observed  in  organic 
■Batters,  and  known  as  species  of  fermentation,  in  which  the 
daments  of  a  compound  substance  (such  as  sugar)  divide 
Aaiairlves  into  two  or  more  groups,  without  the  incorporation 
of  aoy  extraneous  element,  except  perhaps  the  constituents 
of  water. 

The  absorption  of  oxygen  by  alcohol  in  its  acetification  is  a 
true  eremacausis,  so  also  is  the  process  of  nitrification.  Oxi- 
dation is  promoted  in  many  organic  bodies  by  contact  with  an 
alkali ;  thus  alcohol  holding  potash  in  solution  soon  becomes 
boKMm  firom  oxidation,  and  a  resinous  matter  appears  with 
all  tfie  products  of  the  decomposition  of  aldehyde.  The 
OBJdation  of  gallic  acid,  hematin  and  many  other  compounds  is 
promoted  by  the  same  influence ;  many  vegetable  substances 
odiibit  a  rapid  absorption  of  oxygen  on  tha  addition  to  them  ot* 
ammonia,  and  form  splendid  violet  or  red  coloured  liquids,  such 
as  the  colouring  principles  of  the  lichens.    On  the  other  hand, 

2    A    A    J 
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eremacausis  seems  to  be  entirely  prevented  when  witer  is 
excluded,  or  when  the  substance  is  exposed  to  a  tempentore 
of  S2^.  The  processes  of  fermentation  and  putrefactiony  wfaidi 
are  different  from  eremacausis,  appear  to  be  necessarily  preceded 
by  an  absorption  of  oxygen.  Thus  the  juice  of  grapes  prmei 
under  mercury  and  collected  in  a  jar  filled  with  that  metd  wu 
observed  by  Gay-Lussac  to  keep  without  change,  bat  on  ad* 
mitting  a  bubble  of  air  to  the  Uquid,  the  vinous  fermentatkn 
immediately  commenced.  The  perfect  exclusion  of  air  ia  ibo 
the  basis  of  the  valuable  process  for  preserving  animal  ud 
vegetable  food,  without  the  use  of  antiseptics,  first  introdueed 
by  Appert.  Tlie  materials  are  usually  placed  in  canisters  vitk 
a  quantity  of  fluid,  which  is  kept  in  a  state  of  ebullition  for 
some  time,  and  the  openings  hermetically  closed  with  soldtf 
while  the  vessels  are  entirely  filled  witli  steam.  Eremacaosii  ii 
also  prevented  or  much  retarded  by  aromatic  substances,  empf- 
reumatic  substances  and  oil  of  turpentine,  the  vapours  of  wludi 
reuird  the  oxidation  of  phosphorus  and  of  phosphuretted  Iif- 
drogen  in  a  similar  manner.  It  is  also  arrested  by  mineral  aodi 
and  salts  of  mercury,  which  appear  to  act  by  combining  wiik 
the  organic  matter ;  alcohol,  a  strong  solution  of  sugar,  common 
salt  and  many  other  saline  substances  are  supposed  to  owe  thdr 
antiseptic  properties  in  a  great  measure  to  their  afiinity  fof 
water,  which  reduces  animal  or  vegetable  matters  in  contact  with 
them  to  a  state  of  dryness  in  which  they  are  Uttle  liable  to  de- 
composition. Thus  a  piece  of  dry  butcher-meat  covered  witk 
dry  salt  is  found  after  twenty  four  hours  swimming  in  brine^ 
the  salt  attracting  water  from  the  meat,  and  leaving  it  not  humid 
enough  for  chcnncal  action. 

ACTION   OF  CHLORINE,   ITS   SUBSTITUTION   FOR    HYDROGEN, 
CHEMICAL  TYPES. 

M.  Gay-Lussac  observed,  several  years  ago,  that  bees'  wax 
exposed  to  chlorine  gas  absorbed  the  latter,  giving  rise  to  » 
disengagement  of  hydrochloric  acid,  without  any  change  of 
volume  in  the  gas  from  tlie  operation.  The  reason  is  that  tbe 
^ax  loses  a  volume  of  hydrogen  equal  to  the  volume  of  chlorine 
1  it  absorbs,  the  constituents  of  liydrochloric  acid  gas  being 
'»  it  is  to  be  remembered,  without  any  condensation  of 
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dame.  M.  Damas  afterwards  repeated  the  experiment  with 
I  of  turpentine,  and  obtained  a  similar  result;  4H  in  the  latter 
idy  being  replaced  by  4C1,  or  C^H^^  becoming  C^HijCl^. 
be  action  of  chlorine  on  a  great  number  of  organic  substances 
IS  since  been  observed  by  MM.  Dumas^  Laurent,  Regnault, 
[alaguti  and  others,  and  found  to  be  remarkably  uniform.  The 
▼estigation  has  led  to  the  formation  of  a  large  number  of  new 
impounds,  and  to  the  propagation  of  certain  theoretical  views 
f  M.  Dumas,  which  have  had  an  extraordinary  influence  on 
le  recent  progress  of  organic  chemistry. 

When  light  carburetted  hydrogen  gas  C2H4,  is  allowed  to  mix 
vdoally  with  three  times  its  volume  of  chlorine,  in  strong 
mshine,  the  whole  4  eq.  of  hydrogen  are  converted  into  hydro- 
ikxric  add,  which  is  liberated,  while  the  2  eq.  of  carbon  com- 
Ine  with  4  eq.  of  chlorine,  and  form  a  peculiar  liquid  chloride 
r  carbon  C^Cl^;  so  that  the  hydrogen  of  the  former  compound 
qpears  to  be  simply  replaced  by  chlorine  in  the  latter.*  The 
moval  of  the  whole  hydrogen  by  chlorine  takes  place  at  once, 
i  this  hydrocarburet  without  the  formation  of  any  other  inter- 
lediate  product  except  a  trace  of  chloroform,  but  in  other  cases^ 
htte  there  are  several  equivalents  of  hydrogen,  the  latter  are 
ten  removed  and  replaced  by  chlorine  one  by  one,  and  a  series 
r  bodies  formed  in  which  while  the  hydrogen  diminishes, 
le  chlorine  increases  in  an  equal  proportion;  such  are  the 
mpounds  produced  by  the  action  of  chlorine  on  Dutch  liquid 
nady  described  (page  375),  and  the  remarkable  series  produced 
f  the  repeated  action  of  chlorine  upon  hydrochloric  ether .f 
lie  two  series  referred  to^  exhibit  a  remarkable  isomerism,  the 
Hiesponding  products  having  the  same  composition  although 
isliDguishable  by  their  physical  properties  and  by  the  effect  of 
Migents  upon  them.  These  chlorine  compounds  are  all  vola- 
le  hquids,  with  the  exception  of  the  solid  perchloridc  of  carbon 
hich  is  common  to  both  series. 

•  Dnmasy  An.  de  Ch.  et  dc  Ph.  t.  73,  p.  94. 
f  Scfiuuilt,  An.  de  Cb.  et  de  Ph.  t.  71,  p.  353. 
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eremacausis  seems  to  be  entirely  prevented  when  witer  is 
excluded,  or  when  the  substance  is  exposed  to  a  temperaUue 
of  32^.  The  processes  of  fermentation  and  putrefaction,  wUcli 
are  different  from  eremacausis,  appear  to  be  necessarily  preceded 
by  an  absorption  of  oxygen.  Thus  tlie  juice  of  grapes  preoed 
under  mercury  and  collected  in  a  jar  filled  with  that  metd  wu 
observed  by  Gay-Lussac  to  keep  without  change^  but  on  ad- 
mitting a  bubble  of  air  to  the  liquid,  the  vinous  fermentatkn 
immediately  commenced.  The  perfect  exclusion  of  air  is  alio 
the  basis  of  the  valuable  process  for  preserving  animal  and 
vegetable  food,  without  the  use  of  antiseptics,  first  introdueed 
by  Appert.  The  materials  are  usually  placed  in  canisters  vitk 
a  quantity  of  fluid,  which  is  kept  in  a  state  of  ebullition  far 
some  time,  and  the  openings  hermetically  closed  with  soUer 
while  the  vessels  arc  entirely  filled  witli  steam.  Eremacausis  ii 
also  prevented  or  much  retarded  by  aromatic  substances,  empf- 
reumatic  substances  and  oil  of  turpentine,  the  vapours  of  whick 
retiird  the  oxidation  of  phosphorus  and  of  phosphuretted  kf- 
drogen  in  a  similar  manner.  It  is  also  arrested  by  mineral  aodi 
and  salts  of  mercury,  which  appear  to  act  by  combining  wiik 
the  organic  matter ;  alcohol,  a  strong  solution  of  sugar,  conuDon 
salt  and  many  other  saline  substances  are  supposed  to  owe  their 
antiseptic  properties  in  a  great  measure  to  their  afiinity  for 
water,  which  reduces  animal  or  vegetable  matters  in  contact  with 
them  to  a  state  of  dryness  in  which  they  are  httle  liable  to  d^ 
composition.  Thus  a  piece  of  dry  butcher-meat  covered  with 
dry  salt  is  found  after  twenty  four  hours  swimming  in  brinc^ 
the  salt  attracting  water  from  the  meat,  and  leaving  it  not  humid 
enough  for  chemical  action. 

ACTION   OF   CHLORINE,   ITS   SUBSTITUTION    FOR    HYDROGEN, 
CHEMICAL  TYPES. 

M.  Gay-Lussac  observed,  several  years  ago,  that  bees'  wax 

exposed  to  chlorine  gas  absorbed   the  latter,  giving  rise  to  a 

disengagement  of    hydrochloric  acid,    without  any    change  ot 

volume  in  the  gas  from  the  operation.     The  reason  is  that  the 

wax  loses  a  volume  of  hydrogen  equal  to  the  volume  of  chlorinf 

*ich  it  absorbs,  the  constituents  of  hydrochloric  acid  gas  being 

^>  it  18  to  be  remembered,  without  any  condensation  of 
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'olume.  M.  Dumas  afterwards  repeated  the  experiment  with 
ol  of  turpentine,  and  obtained  a  similar  result;  4H  in  the  latter 
Kidy  being  replaced  by  4C1,  or  C^H^q  becoming  C^U^^Cl^. 
die  action  of  chlorine  on  a  great  number  of  organic  substances 
uw  since  been  observed  by  MM.  Dumas,  Laurent,  Regnault, 
liffalagati  and  others,  and  found  to  be  remarkably  uniform.  The 
iiTestigation  has  led  to  the  formation  of  a  large  number  of  new 
XNOopoirnds,  and  to  the  propagation  of  certain  theoretical  views 
jy  M.  Dumas,  which  have  had  an  extraordinary  influence  on 
3ie  recent  progress  of  organic  chemistry. 

When  light  carburetted  hydrogen  gas  C2H4,  is  allowed  to  mix 
{ndnally  with  three  times  its  volume  of  chlorine,  in  strong 
lonshine,  the  whole  4  eq.  of  hydrogen  are  converted  into  hydro- 
diknric  add,  which  is  liberated,  while  the  2  eq.  of  carbon  com- 
tnne  with  4  eq.  of  chlorine,  and  form  a  peculiar  liquid  chloride 
of  carbon  C2CI4 ;  so  that  the  hydrogen  of  the  former  compound 
^pears  to  be  simply  replaced  by  chlorine  in  the  latter.*  The 
removal  of  the  whole  hydrogen  by  chlorine  takes  place  at  once, 
bi  this  hydrocarburet  without  the  formation  of  any  other  inter- 
Bfidiate  product  except  a  trace  of  chloroform,  but  in  other  cases^ 
vhike  there  are  several  equivalents  of  hydrogen,  the  latter  are 
gAen  removed  and  replaced  by  chlorine  one  by  one,  and  a  series 
of  bodies  formed  in  which  while  the  hydrogen  diminishes, 
tbit  chlorine  increases  in  an  equal  proportion;  such  are  the 
■Hnpounds  produced  by  the  action  of  chlorine  on  Dutch  liquid 
dmidy  described  (page  37^)9  and  the  remarkable  series  produced 
)tf  the  repeated  action  of  chlorine  upon  hydrocldoric  ether.f 
The  two  series  referred  to,  exhibit  a  remarkable  isomerism,  the 
DOrresponding  products  having  the  same  composition  although 
distiDguishable  by  their  physical  properties  and  by  the  effect  of 
le-agents  upon  them.  These  chlorine  compounds  are  all  vola- 
tile hquids,  with  the  exception  of  the  solid  perchloride  of  carbon 
■iiich  is  common  to  both  series. 

•  Dnmasy  An.  de  Ch.  et  dc  Ph.  t.  73,  p.  94. 
f  RcgiiAiilt,  An.  de  Cb.  et  de  Ph.  t.  71,  p.  353. 
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eremacausis  seems  to  be  entirely  prevented  when  witer  is 
excluded,  or  when  the  substance  is  exposed  to  a  temperaUue 
of  S2^.  The  processes  of  fermentation  and  putrefaction,  whidi 
are  different  from  eremacausis,  appear  to  be  necessarily  preceded 
by  an  absorption  of  oxygen.  Thus  the  juice  of  grapes  preoed 
under  mercury  and  collected  in  a  jar  filled  with  that  metd  wu 
observed  by  Gay-  Lussac  to  keep  without  change,  but  on  ad- 
mitting a  bubble  of  air  to  the  Uquid,  the  vinous  fermentstkn 
immediately  commenced.  The  perfect  exclusion  of  air  ia  ibo 
the  basis  of  the  valuable  process  for  preserving  animal  and 
vegetable  food,  without  the  use  of  antiseptics,  first  introdueed 
by  Appert.  Tlic  materials  are  usually  phiced  in  canisters  vitk 
a  quantity  of  fluid,  which  is  kept  in  a  state  of  ebullition  far 
some  time,  and  the  openings  hermetically  closed  with  soldtf 
while  the  vessels  are  entirely  filled  with  steam.  Eremacausis  ii 
also  prevented  or  much  retarded  by  aromatic  substances,  empy- 
reumatic  substances  and  oil  of  turpentine,  the  vapours  of  whick 
reuird  the  oxidation  of  phosphorus  and  of  phosphuretted  bf- 
drogen  in  a  similar  manner.  It  is  also  arrested  by  mineral  aodi 
and  salts  of  mercury,  which  appear  to  act  by  combining  wiik 
the  organic  matter ;  alcohol,  a  strong  solution  of  sugar,  comiDon 
salt  and  many  other  saline  substances  are  supposed  to  owe  their 
antiseptic  properties  in  a  great  measure  to  their  affinity  for 
water,  which  reduces  animal  or  vegetable  matters  in  contact  with 
tliera  to  a  state  of  dryness  in  which  they  are  little  liable  to  d^ 
composition.  Thus  a  piece  of  dry  butcher-meat  covered  wi4 
dry  salt  is  found  after  twenty  four  hours  s>\dmming  in  brine^ 
the  salt  attracting  water  from  the  meat,  and  leaving  it  not  humid 
enough  fur  chemical  action. 

ACTION   OF  CHLORINE,   ITS   SUBSTITUTION   FOR    HYDROGEN, 
CHEMICAL  TYPES. 

M.  Gay-Lussac  observed,  several  years  ago,  that  bees'  wax 

exposed  to  chlorine  gas  absorbed  the  latter,  gi^^ng  rise  to  » 

disengagement  of    hydrochloric  acid,    without  any   change  ot 

volume  in  the  gas  from  the  operation.     The  reason  is  that  th< 

firax  loses  a  volume  of  hydrogen  equal  to  the  volume  of  chlorine 

ich  it  absorbs,  the  constituents  of  hydrochloric  acid  gas  being 
id,  it  is  to  be  remembered,  without  any  condensation  of 
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rolume.  M.  Dumas  afterwards  repeated  the  experiment  with 
diof  torpentineyand  obtained  a  similar  result;  4H  in  the  latter 
lody  being  replaced  by  4C1,  or  C^H^q  becoming  C^HijCl^. 
rhe  action  of  chlorine  on  a  great  number  of  organic  substances 
las  since  been  observed  by  MM.  Dumas^  Laurent,  Regnault, 
If  alaguti  and  others,  and  found  to  be  remarkably  uniform.  The 
nvestigation  has  led  to  the  formation  of  a  large  number  of  new 
9ompoimds,  and  to  the  propagation  of  certain  theoretical  views 
iy  M.  Dumas,  which  have  had  an  extraordinary  influence  on 
Sbe  recent  progress  of  organic  chemistry. 

When  light  carburetted  hydrogen  gas  C^H^,  is  allowed  to  mix 
padnally  with  three  times  its  volume  of  chlorine,  in  strong 
mnshine,  the  whole  4  eq.  of  hydrogen  are  converted  into  hydro- 
Hkxnc  add,  which  is  liberated,  while  the  2  eq.  of  carbon  com- 
bine with  4  eq.  of  chlorine,  and  form  a  peculiar  liquid  chloride 
of  carbon  C2CI4 ;  so  that  the  hydrogen  of  the  former  compound 
ippears  to  be  simply  replaced  by  chlorine  in  the  latter.*  The 
removal  of  the  whole  hydrogen  by  chlorine  takes  place  at  once, 
bi  this  hydrocarburet  without  the  formation  of  any  other  inter- 
■ediate  product  except  a  trace  of  chloroform,  but  in  other  cases, 
■rhOe  there  are  several  equivalents  of  hydrogen,  the  latter  are 
pAen  removed  and  replaced  by  chlorine  one  by  one,  and  a  series 
of  bodies  formed  in  which  while  the  hydrogen  diminishes, 
(kt  chlorine  increases  in  an  equal  proportion;  such  are  the 
^innpounds  produced  by  the  action  of  chlorine  on  Dutch  liquid 
■beady  described  (page  375),  and  the  remarkable  series  produced 
h^  the  repeated  action  of  chlorine  upon  hydrochloric  ether.f 
Ilie  two  series  referred  to,  exhibit  a  remarkable  isomerism,  the 
oovresponding  products  having  the  same  composition  although 
distinguishable  by  their  physical  properties  and  by  the  effect  of 
n-agents  upon  them.  These  chlorine  compounds  are  all  vola- 
tile hqoids,  with  the  exception  of  the  solid  perchloridc  of  carbon 
iriuch  is  common  to  both  series. 

.  •  Dumas,  An.  de  Ch.  et  dc  Ph.  t.  73,  p.  94. 
.  f  RegDAolt,  An.  de  Ch.  et  de  Ph.  t  71,  p.  353. 
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eremacausis  seems  to  be  entirely  prevented  when  witer  is 
excluded,  or  when  the  substance  is  exposed  to  a  temperiliiie 
of  S2^.  The  processes  of  fermentation  and  putrefaction,  wbidi 
are  different  from  eremacausis,  appear  to  be  necessarily  preceded 
by  an  absorption  of  oxygen.  Thus  the  juice  of  grapes  prmed 
under  mercury  and  collected  in  a  jar  filled  with  that  metd  wu 
observed  by  Gay-Lussac  to  keep  without  change,  bat  on  ad- 
mitting a  bubble  of  air  to  the  Uquid,  the  vinous  fermentitkn 
immediately  commenced.  The  perfect  exclusion  of  air  ia  alio 
the  basis  of  the  valuable  process  for  preserving  animal  and 
vegetable  food,  without  the  use  of  antiseptics,  first  introdueed 
by  Appert.  The  materials  are  usually  placed  in  canisten  fHA 
a  quantity  of  fluid,  which  is  kept  in  a  state  of  ebulliticm  for 
some  time,  and  the  openings  hermetically  closed  with  aoldtf 
while  the  vessels  are  entirely  filled  witli  steam.  Eremacausis  ii 
also  prevented  or  much  retarded  by  aromatic  substances,  empf- 
reumatic  substances  and  oil  of  turpentine,  the  vapours  of  whick 
retiird  the  oxidation  of  phosphorus  and  of  phosphuretted  kf- 
drogen  in  a  similar  manner.  It  is  also  arrested  by  mineral  aodi 
and  salts  of  mercury,  which  appear  to  act  by  combining  wiik 
the  organic  matter  ;  alcohol,  a  strong  solution  of  sugar,  comiDOn 
salt  and  many  other  saline  substances  are  supposed  to  owe  thai 
antiseptic  properties  in  a  great  measure  to  their  afiinity  fof 
water,  which  reduces  animal  or  vegetable  matters  in  contact  with 
them  to  a  state  of  dryness  in  which  they  are  little  liable  to  d^ 
composition.  Thus  a  piece  of  dry  butcher-meat  covered  wi4 
dry  salt  is  found  after  twenty  four  hours  swimming  in  brine^ 
tlie  salt  attracting  water  from  the  meat,  and  leaving  it  not  humid 
enough  for  chemical  action. 

ACTION   OF  CHLORINE,   ITS   SUBSTITUTION   FOR    HYDROGEN, 
CHEMICAL  TYPES. 

M.  Gay-Lussac  observed,  several  years  ago,  that  bees'  wax 
exposed  to  chlorine  gas  absorbed  the  latter,  giving  rise  to  » 
disengagement  of  hydrochloric  acid,  without  any  change  of 
volume  in  the  gas  from  the  operation.  The  reason  is  that  tbe 
wax  loses  a  volume  of  hydrogen  equal  to  the  volume  of  chlorine 
which  it  absorbs,  the  constituents  of  hydrochloric  acid  gas  being 

•^^d,  it  is  to  be  remembered,  without  any  condensation  of 
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folume.  M.  Damas  afterwards  repeated  the  experiment  with 
nl  of  turpentine,  and  obtained  a  similar  result;  4H  in  the  latter 
>ody  being  replaced  by  4C1,  or  CjoHig  becoming  C^oHiaCl^. 
Hie  action  of  chlorine  on  a  great  number  of  organic  substances 
las  since  been  observed  by  MM.  Dumas^  Laurent,  Regnault, 
If  alaguti  and  others,  and  found  to  be  remarkably  uniform.  The 
mvestigation  has  led  to  the  formation  of  a  large  number  of  new 
9ompoimds,  and  to  the  propagation  of  certain  theoretical  views 
by  M.  Dumas,  which  have  had  an  extraordinary  influence  on 
tlie  recent  progress  of  organic  chemistry. 

When  light  carburetted  hydrogen  gas  C2H4,  is  allowed  to  mix 
inulnally  with  three  times  its  volume  of  chlorine,  in  strong 
mnshine,  the  whole  4  eq.  of  hydrogen  are  converted  into  hydro- 
diloric  acid,  which  is  liberated,  while  the  2  eq.  of  carbon  com- 
bine with  4  eq.  of  chlorine,  and  form  a  peculiar  liquid  chloride 
of  carbon  C2CI4 ;  so  that  the  hydrogen  of  the  former  compound 
ippears  to  be  simply  replaced  by  chlorine  in  the  latter.*  The 
lemoval  of  the  whole  hydrogen  by  chlorine  takes  place  at  once, 
bi  this  hydrocarburet  without  the  formation  of  any  other  inter- 
BBcdiate  product  except  a  trace  of  chloroform^  but  in  other  cases^ 
pbtfre  there  are  several  equivalents  of  hydrogen,  the  latter  are 
pften  removed  and  replaced  by  chlorine  one  by  one,  and  a  series 
of  bodies  formed  in  which  while  the  hydrogen  diminishes, 
jStm  chlorine  increases  in  an  equal  proportion;  such  are  the 
^innpounds  produced  by  the  action  of  chlorine  on  Dutch  liquid 
■heady  described  (page  375),  and  the  remarkable  series  produced 
by  the  repeated  action  of  chlorine  upon  hydrochloric  ether.f 
Ilie  two  series  referred  to,  exhibit  a  remarkable  isomerism,  the 
oovresponding  products  having  the  same  composition  although 
distinguishable  by  their  physical  properties  and  by  the  effect  of 
n-agents  upon  them.  These  chlorine  compounds  are  all  vola- 
tile liquids,  with  the  exception  of  the  solid  perchloride  of  carbon 
iriuch  is  common  to  both  series. 


»  An.  de  Ch.  et  dc  Ph.  t.  73,  p.  94. 
^  Regnaolt,  An.  de  Cb.  et  de  Ph.  t  71,  p.  353. 
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eremacausis   seems  to    be  entirely   prevented    when  i 
excluded,  or  when  the  substance  is  exposed  to  a  temperaUin 
of  32*\     The  processes  of  fermentation  and  putrefaction,  wfaidi 
are  different  from  eremacausis,  appear  to  be  necessarily  preceded 
by  an  absorption  of  oxygen.     Thus  tlie  juice  of  grapes  preaed 
tmder  mercury  and   collected  in  a  jar  liUed  witli  that  metad  wai 
observed  by  Gay-Lussac  to  keep  T^nthout  change,  but  on  ed- 
mitting  a  bubble  of  air  to  the  liquid,  the  vinous  fermentatjon 
immediately  commenced.     The  perfect  exclusion  of  air  is  Abo 
the  basis  of  the  valuable  process    far  preserving  animal  and 
vegetable  food,  without  the  use  of  antiseptics,  first  introdiiocd 
by  Appert.     The  materials  are  usually  placed  in  canisters  iritli 
a  quantity  of  fluid,  which   is  kept  in   a  state   of  ebullition  (^ 
some  time,  and  the  openings  hermetically  closed   with   mldnf 
while  the  vessels  are  entirely  filled  witii  steam,     Eremacausis  if 
also  prevented  or  much  retarded  by  aromatic  substunceSt  cropjr- 
reumatic  substances  and  oil  of  turjientine,  the  vapours  of  whidi 
ret*ird  the  oxidation  of  phosphorus  and  of  phosphuretted  hy- 
drogen in  a  similar  manner.     It  is  also  arrested  by  minend  acids 
and  salts  of  mercury,  wliich   appear  to  act  by  combining  wih 
the  organic  matter  j  alcohol,  a  strong  solution  of  sugar,  comnKM 
salt  and  many  other  saline  substances  are  supposed  to  owe  tiicir 
antiseptic   properties   in   a  great  measure    to   their  affin* 
water,  which  reduces  animal  or  vegetable  matters  in  contact  ^^ 
them  to  a  state  of  dryness  in  which  they  are  little  liable  to  i^ 
composition.     Thus  a  piece  of  dry  butcher-meat  cohered  wA 
dry  salt  is  found  after  twenty  four  hours  swimming  in  hnn^ 
the  salt  attracting  water  from  the  meat,  and  leaving  it  notbuoiid 
enough  for  chemical  action. 


ACTION   OF  CHLORINE,  ITS   SUBSTITUTION   FOR   llYDROGOfi 
CHEMICAL  TYPES. 

M.  Gay*Lussac  observed,  several  years  ago,  that  beci^^w 
exposed  to  chlorine  gas  absorbed  the  latter,  giving  riw  to  i 
disengagement  of  hydrochloric  acid,  without  any  chiin§e ' 
volume  in  the  gas  from  the  operation.  The  reaaon  is  that  tfce ' 
wax  loies  a  volume  of  hydrogen  equal  to  the  volume  of  ch 
which  it  absorbs,  the  constituents  of  hydrochloric  acid  gatl 
nnitcd,  it  is  to  be  remembered^  without  any  candenaatian  » 
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polame.  M.  Dumas  afterwards  repeated  the  experiment  with 
lil  of  turpentine,  and  obtained  a  similar  result;  4H  in  the  latter 
>ody  being  replaced  by  4C1,  or  C^oHig  becoming  C^HjaCl^. 
Hie  action  of  chlorine  on  a  great  number  of  organic  substances 
las  since  been  observed  by  MM.  Dumas,  Laurent,  Regnault, 
If  alaguti  and  others,  and  found  to  be  remarkably  uniform.  The 
nvestigation  has  led  to  the  formation  of  a  large  number  of  new 
Mmpoonds,  and  to  the  propagation  of  certain  theoretical  views 
by  M.  Dumas,  which  have  had  an  extraordinary  influence  on 
9ie  recent  progress  of  organic  chemistry. 

When  light  carburetted  hydrogen  gas  C2H4,  is  allowed  to  mix 
padnally  with  three  times  its  volume  of  chlorine,  in  strong 
mnshine,  the  whole  4  eq.  of  hydrogen  are  converted  into  hydro- 
diloric  add,  which  is  liberated,  while  the  2  eq.  of  carbon  com- 
bine with  4  eq.  of  chlorine,  and  form  a  peculiar  liquid  chloride 
of  carbon  C2CI4 ;  so  that  the  hydrogen  of  the  former  compound 
qppears  to  be  simply  replaced  by  chlorine  in  the  latter.*  The 
lanoval  of  the  whole  hydrogen  by  chlorine  takes  place  at  once, 
m  this  hydrocarburet  without  the  formation  of  any  other  inter- 
Bpediate  product  except  a  trace  of  chloroform,  but  in  other  cases, 
phtfre  there  are  several  equivalents  of  hydrogen,  the  latter  are 
jAen  removed  and  replaced  by  chlorine  one  by  one,  and  a  series 
of  bodies  formed  in  which  while  the  hydrogen  diminishes, 
Ibe  chlorine  increases  in  an  equal  proportion;  such  are  the 
(impounds  produced  by  the  action  of  chlorine  on  Dutch  liquid 
drtady  described  (page  375),  and  the  remarkable  series  produced 
by  the  repeated  action  of  chlorine  upon  hydrochloric  ether.f 
Die  two  series  referred  to,  exhibit  a  remarkable  isomerism,  the 
ocnrresponding  products  having  the  same  composition  although 
distinguishable  by  their  physical  properties  and  by  the  effect  of 
le-agents  upon  them.  These  chlorine  compounds  are  all  vola- 
tile hquids,  with  the  exception  of  the  solid  perchloride  of  carbon 
niuch  is  common  to  both  series. 


•  DimiMy  An.  de  Ch.  et  dc  Ph.  t.  73,  p.  94. 
f  Regnaolt,  An.  de  Cb.  et  de  Ph.  t.  71,  p.  353. 
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OLEFIANT   GAS    AND  BODIES    DERIVED   FROM   IT  BT  THE 
ACTION    OF   CHLORINE. 

Olefiant  gas C4H3+H 

Rrst  product,  Dutch  liquid  .        .  C4H3CI  +HC1 

Second  product  ....  C4HaCl3+HCa 

Third  product C4H  dj+Ha 

Last  product,  perchloride  of  carbon       .  C4CI5 

HYDROCHLORIC    ETHER    (CHLORIDS   OF    ETHTL)    AND  BODltf 
DERIVED    FROM    IT   BY   THE   ACTION    OF  CHLORINE. 

Hydrochloric  ethef  C4H5CI 

Monochlorinated  ditto  C4H4CI3 

Bichlorinated  ditto  C4H3CI3 

Trichlorinated  ditto  C4HaCl4 

Quadrichlorinated  ditto  C4H  CI5 

Perchloride  of  carbon  C4CI5 

It  appears  from  the  second  table  that  hydrochloric  ether  il 
affected  at  once  by  two  atoms  of  chlorine,  one  of  which  seiiei 
an  atom  of  hydrogen  and  removes  it  in  the  form  of  hydrochkrie 
acid,  while  the  second  atom  of  chlorine  enters  into  the  com- 
pound remaining,  which  Regnault  distinguishes  as  monocUD> 
rinated  hydrochloric  ether,  the  name  having  reference  to  the 
mode  of  derivation  of  the  compound  and  not  its  composition.* 
The  latter  body  when  exposed  to  chlorine  is  likewise  affected 
by  two  atoms,  one  of  which  seizes  and  withdraws  an  atom  rf 
hydrogen,  while  the  other  unites  with  the  remaining  elementSi 
forming  biclilorinated  hydrochloric  ether.  The  trichlorinated 
and  quadrichlorinated  compounds,  and  the  perchloride  of  ca^ 
bon,  which  follow,  have  the  same  mode  of  formation;  and* 
one  atom  of  chlorine  is  communicated  for  each  atom  of  hydro- 
gen withdrawn,  the  entire  number  of  constituent  atoms  remains 
the  same,  or  ten,  throughout  the  series,  and  tlie  last  member 
differs  only  from  the  first,  in  having  5  atoms  of  chlorine  instead 
of  5  of  hydrogen.     To  exhibit  the  complimentary  function  of 

•  **  Chlorinated"  apiwir.i  to  Iw  a  preferahK*  term  to  t  h/orurrttrJ,  lo  apply ''^ 
such  a  compound,  as  the  Inst  is  already  used  in  a  different  sense. 


suBsmrmoN  of  chlorine  for  hydrogen.  719 

the  chlorine  and  hydrogen  in  these  bodies^  their  formulcB  may 
be  written  thua : 

C4H5a.  C^^j^Cl.    C^^j^CL    C4  Jj^ci.    C^  Jj  CL   C4  CI4  CI. 

Chloromethylic  ether  or  chloride  of  methyl  CaHgCl,  a  body 
having  the  same  relation  to  wood- spirit  that  hydrochloric 
ether  has  to  alcohol,  gives  rise  to  an  analogous  series  of  chlo* 
linated  compounds  when  a  stream  of  chlorine  is  passed  through 
itf  the  product  being  treated  in  its  turn  with  the  gas^  and  the 
Mune  process  repeated  with  the  new  product ;  when  the  hydro- 
gen is  then  entirely  withdrawn,  and  a  chloride  of  carbon  remains^ 
the  same  that  is  derived  from  light  carburetted  hydrogen  (Reg- 
nanlt).    The  bodies  of  this  series  are : — 

All  these  chlorinated  compounds  possess  the  neutral  charac- 
•  of  the  bodies  from  which  they  are  derived.  Malaguti  has 
observed  that  ether  (oxide  of  ethyl)  may  lose  two  equiva- 
of  hydrogen  and  gain  two  of  chlorine,  C4H5O  becoming 
Ci^HsCl^O^  without  any  of  its  essential  properties  undergoing 
,  MteTBtion ;  for  its  power  of  combination  remains  the  same,  and 
lUorinated  ether  is  still  ether.  Oxalic  ether  or  the  oxalate  of 
>Hdde  of  ethyl,  may  have  its  whole  five  atoms  of  hydrogen 
JefJaii'd  by  five  atoms  of  chlorine,  and  chlorinated  oxalic 
iMbtr,  or  chloroxalic  ether  is  formed ;  C^Ufi  +  Cfi^  becomes 
fB!jCleO+C303,or  adopting  empirical  formulse,  CgH504  becomes 
^^^04.  Now  each  of  these  ethers  is  the  base  of  a  class  of 
lldte,  the  oxalovinates  and  chloroxalovinates ;  each  of  them, 
iAMi»  is  affected  by  dry  ammoniacal  gas,  and  by  solution  of  am- 
liionia  in  the  same  way,  forming  oxamethane  or  chloroxame- 
tibane  with  the  first  re-agent,  and  oxamide  with  the  second  :* 

OXALIC    ETHER,   AND    COMPOUNDS    DERIVED    FROM    IT. 

Oxalic  ether        .        .        .  C5H5O4 

^       Oxalovinic  acid  (hydrated)  C6H5O4  +  C3O3,  HO 

Oxamethane       .         .         .  C6H5O4-1-C3O3,  NII^ 

Oxamide    ....  CjOj,  NII^ 

•  Malaguti,  ADoales  de  Chimie,  etc.  t  74,  p.  299. 
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CHLOROXALIC    ETHER,   AND   COMPOUNDS    DERIVED    rBOIf   fT, 


■  Chloroxalic  ether 
[Chloroxaloviiiicacid  (liydrated) 

Chloroxamethane 

Oxamide         .         .         .         * 


CeCip.  +  CjO^NH, 
^a^a»  No 2. 


It  rarely  happens  that  the  crystalline  forms  of  correspondinj 
hydrogen  and  chlorine  compounds  can  be  compared,  for  tno«l 
frequently  the  two  substances,  or  at  least  one  of  thezQi  does  not 
crystallize,  and  is  altogether  incapable  of  exact  measurement. 
But  M.  de  la  Provostaye  has  succeeded  in  instituting  a  com- 
parison between  the  crystalline  forms  of  oxaracthane  and  ehli>* 
roxaniethane,  which  he  finds  to  be  isomorphous,  or  radicr 
different  secondary  farms  derived  from  the  same  fundamenUl 
form,*  This  would  estabhsh  the  isomorphism  of  chlorine  wd 
hydrogen,  but  it  is  to  be  regretted  tliat  so  important  a  r-  ' 
si  on  should  rest  upon  a  single  instance,  and  one  also  in  \^ 
as  Mitscherlich  remarks^  the  usual  complete  identity  of  form  tf 
iaomorphous  bodies  is  not  observed. 

By  exposing  pure  acetic  acid  to  the  action  of  dry  gMOW 
chlorine,  under  the  direct  influence  of  the  solar  rays,  M.  Diiiiui 
has  replaced  the  whole  hydrogen  of  that  acid  by  chlorine,  or 
converted  acetic  acid  C4H3O3+HO  into  chloracetic  acid  CS\ 
O3+HO,  without  altering  the  capacity  of  saturation  of  tbciddr 
or  its  coml>ining  measure  in  the  state  of  vapour ,t  Decompoici 
by  alkalies,  these  two  acids  give  likewnse  analogous  product^ 
acetic  acid  yielding  carbonic  acid  €^©4  with  light  carbo- 
retted     hydrogen,   C2H4,   and    chloracetic  acid    yielding  car- 

H 
bonic  acid  C3O4  with  chloroform  C^^j  ;  the  body  last  mention- 
ed being  viewed  as  carburetted  hydrogen  in  which  three  t^totp^ 
of  hydrogen  are  replaced   by  three  of  chlorine. 

Many  similar  coses  of  the  substitution  of  chlorine  for  bpij 
gen  have  been  observed,  but  those  already  adduced  arc  *« 
cient  to  illustrate  the  m(^de  of  replacement,  and  to  prorc  iJi^** 


*  Pliilosophkiil  Mji(rA3Ktne,  3rd  Serieii  toL  18»  p.  Sft* 
.  i  Anii«}efl  de  Chiniieft  de  Phyiique,  tomt  73,  pJ 
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compound  may  preserve  its  leading  cliemical  charactera,  al- 
though its  hydrogen  be  exchanged  for  chlorine*  Chemists  were 
not  prepared  for  the  admission  of  this  equivalency  of  chlorine 
and  hydrogen  from  anytliing  observed  in  inorganic  compounds. 
The  two  elements  seemed,  indeed^  to  be  strongly  contrasted, 
chlorine  typiiying  the  electro- negative  or  salt- radical  class  of 
elements,  and  hydrogen  belonging,  incontestably,  to  the  electro- 
positive or  baayle  class  with  the  metals,  although  not  occupying 
a  high  place  in  that  class.  One  equivalent  of  chlorine  being 
also  isomorphous  with  two  equivalents  of  manganese,  to  which 
ktter  element  hydrogen  appeared  to  be  related,  as  a  member  of 
the  magnesian  family,  the  isomorphous  relation  to  be  looked  for 
was  one  of  chluriiiB  with  two  of  hydrogen,  and  not  with  one  of 
hydrogen  as  in  oxamethane  and  chloroxamethane  lately  com- 
mented  upon* 

But  it  is  to  be    remembered  that  no     body   is  absolotely 
chlorous  (electro-negative),    or    zincous   (electro-positive),  but 
only   relatively  so  to  certain  other  bodies.      Hence  although 
vncous  to  chlorine,  hydrogen  is  chlorous  to  carbon,  or  hijdro- 
^  u    the    chlorous   constUuait    of    thv   orgimic    compounds 
m  (piestion^     Even  among  inorganic  compounds,  we  have  in- 
itances  of  hydrogen  discharging  the  same  function,  as  in  the 
ckas  of  phospliuretted   hydrogen    and    arsenietted    hydrogen, 
where     3    atoms    of    hydrogen    are    chlorous,    and    may   be 
replaced  by    oxygen,  cldorine,  etc*     (In  ammonia,  on  the  con- 
trary, nitrogen  appears    to  be  the  negative,  and  hydrogen  the 
positive  constituent.)    In    this    way  that  universal    dualism  in 
the  eonstitution  of  a  compound,  or  distribution  of  its  elements 
iutt)  two  opposed    classes,  conducing    to  binary  combination, 
which  has  never  ceased  to  be  a  recognised  doctrine  of  cliemical 
science,  in  some  form  or  other,  with  reference  to  inorganic  com- 
pounds, is  extended  also  to  organic  compounds.     Sucli  a  doctrine 
which  miglit  always  liave  been  maintained  on  abstract  grounds 
»|ipcars  now  to  be  inevitable  from  the  observed  substitutions 
<»f  chlorine  for    hydrogen.      Hydrogen     then   being    viewed 
M  a   chlorous    element    in    such    compounds    as  carburetted 
bydrogcn  and  olebant  gas,  while  carbon  is  the  basyle  or  zincous 
dement,  the  former  element  may  therefore  be  replaced  by  other 
bodies  higher  than  itself  in  the   scale  of  salt- radicals,  such  as 
^lorine,  without  any  essential  derangement  of  the  constitution 
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of  the  original  compound.  The  eqniTalent  Sttbstitiitiiiii  of 
chlorine  for  hydrogen  is  thus  admitted  in  its  fiill  extent.  Thii 
substitution  appears  to  confirm  and  extend  what  is  geDcnlly 
understood  at  the  electro-chemical  distribution  of  elemeiits^  OD 
which  our  ideas  of  binary  combination  are  founded,  and  not 
to  lie  opposed  to  ur  incompatible  with  such  views. 

The  isomoqjhism  of  chlorine  and  hydrogen,  equivalent  fcr 
equivalent,  if  coniirmedj  will  cause  the  removal  of  tlie  hiilv 
element  from  the  magnesian  class,  but  establishes  a  rektioQ 
between  hydrogen  and  silver,  and  therefore  places  the  foriner 
on  tlie  verge  of  the  potassium  group.  Hydrogen  certainly  po4sas«f 
many  relations  to  mercury^  if  not  absolutely  isomorphous  with 
that  metal  {page  656). 

By  a  chemical  type  M.  Dumas  understands  a  certain  number 
of  elements  combined  together,  every  one  of  which,  what^m 
be  its  nature,  may  be  replaced  by  another,  and  indeed  ertnr 
one  in  its  turn,  so  that  not  a  trace  of  the  original  compouiui 
may  remain.  The  arrangement  of  the  elements  in  regard  (9 
each  other  remains  always  the  same,  and  that  is  the  rharacter  rf 
the  type.  Thus  all  the  chlorinated  compounds  derived  frtffl 
hydrochloric  etlier,  including  perchloride  of  carbon,  oonlaintis 
atoms,  which  are  supposed  to  have  the  same  arrangement  u 
in  hydrochloric  ether  itself.  Aldehyde  produced  by  the  partiil 
oxidation  of  atcohol,  and  chloral  by  the  action  of  chlorine  opa» 
alcohol,  contain  the  same  number  of  atoms  and  belong  to  ooe 
type: 

Aldehyde,  C4H3O  + no,  or  C^H^O^i. 
H  Chloral,      C^ClaO  -f  HO,  or  C^yfO.y 

When  on  the  other  hand,  an  atom  is  withdmwii  froia  i 
compound  without  being  replaced  by  another,  the  atoms  wliiek 
remain  cannot  retain  their  original  position^  and  a  nevr  t|p> 
must  result.  It  is  supposed  by  Dumas,  that  chlorine  may  rqitai 
carbon,  nitrogen  and  other  elements  besides  hydrogen,  and  inj 
one  element,  indeed  any  other,  without  destruction  xi  ^ 
primitive  type.  Such  substitutions  however,  have  ooi  bf«« 
etiected,  and  on  the  view  of  substitution  taken  above  art  n"^ 
to  be  expected,  for  carbon  at  least  must  always  be  ooMuta'' 
as   the   basyle  or  electro-positive  constituent  of  orgaiiie  oo**^ 
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pounds,  and  never  like  oxygen^ nitrogen  and  hydrogen,  as  clilorous 
or  electro-negative.  Even  where  chlorine  replaces  hydrogen, 
ihe  type  is  not  uniformly  preserved,  for  we  find  occasionally  tlie 
same  body  derived  by  substitution  from  two  different  types,  as 
perchloride  of  carbon  from  both  Dutch  liquid  and  hydrochloric 
ether. 

The  rcfercnoe  of  bodies  to  a  common  type  has  often   an 
idrantage  ^  over    their  classification  under   a  common   radical 
or  according  to  any  theory  of  constitution^  as  it  involves  less 
that  is  speculative.     The  former  asserts  only  that  the  bodies 
contain  the  same  number  of  atoms  and  have  a  common  consti- 
tution, but  says  nothing  as  to  wliat  that  constitution  is.     Hence 
itype  may  be  denoted  by  an  empyrical  formula  of  the  simplest 
lind  expressing  nothing  but  the  elements  and  their  number,  in 
which  changes  by  substitution  can  be  distinctly  exhibited.     It 
18  useAil,  in  the  present  uncertain  state  of  our  knowledge  res- 
pecting  the  constitution  of  organic  compounds,  to  have  such  a 
mode  of  expressing  compounds  and  exhibiting  their  relations 
in  composition,  but  it  does  not  supersede  rational  theories  of 
constitution. 

TRANSFORMATIONS  OF  ORGANIC  SUBSTANCES. 
ACTION  OF   FERMENTS. 


Complex  organic  substances  frequently  divide  themselves 
faito  two  or  more  compounds  of  a  simpler  constitution ,,  without 
the  intervention  of  any  intelligible  chemical  agency.  The 
I'fescnce  of  a  second  oi^nic  substance,  however,  is  an  essential 
Condition  of  suc>i  transformations,  although  the  latter  substance 
does  not  contribute  to  the  change  by  imparting  any  new  element 
to  tlic  decomposing  body,  nor  by  abstracting  any  element  from 
it.  The  resolution  of  sugar  into  carbonic  acid  and  alcohol  in 
fermentation,  by  the  contact  of  yeast,  is  a  familiar  example  of 
»ach  a  change  (page  7^^*)*  Decomposition  of  this  kind  has 
be€a  distinguished  as  catalysis,  and  the  second  body  which 
determines  the  changes  in  the  first,  by  an  action  of  presence, 
termed  the  catalytic  agent  (page  195).  The  recent  study  of 
wch  dccom[)ositions  has  revealed  the  circumstance  that  the 
Hiivity  of  the  catalytic  agent  is  connected  with  its  being  itself 
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in  a  state  of  decomposition  at  the  time.  The  yeast  is  onlj 
active  when^  by  access  of  air,  it  has  become  subject  to  ozida&m, 
and  the  decomposition  of  the  sugar  is  looked  upon  by  M.  LidHg 
as  a  reflex  action  of  the  decomposition  of  the  yeast.  The  Tiewi 
of  that  eminent  philosopher  on  the  action  of  yeast  and  other 
ferments  will  be  best  explained  in  his  own  words. 

**  This  action  may  be  expressed  by  the  following  law,  long 
since  proposed  by  Laplace  and  BerthoUet,  although  its  tratk 
with  respect  to  chemical  phenomena  has  only  lately  been 
proved.  '  A  molecule  set  in  motion  by  any  power  can  imput 
its  own  motion  to  another  molecule  with  which  it  may  beii 
contact.' " 

This  is  a  law  of  dynamics,  the  operation  of  which  is  manliest 
in  all  cases,  in  which  the  resistance  (force,  affinity^  or  coheaonj 
opposed  to  the  motion  is  not  sufficient  to  overcome  it. 

We  have  seen  that  ferment  or  yeast  is  a  body  in  die  state  of 
decomposition,  the  atoms  of  which,  consequently,  are  in  t 
state  of  motion  or  transposition.  Yeast  placed  in  contact  widi 
sugar,  communicates  to  the  elements  of  that  compound  the 
same  state,  in  consequence  of  which,  the  constituents  of  die 
sugar  arrange  themselves  into  new  and  simpler  forms,  namdyi 
into  alcohol  and  carbonic  acid.  In  these  new  compounds  the 
elements  are  united  together  by  stronger  affinities  than  they 
were  in  the  sugar,  and  therefore  under  the  conditions  in  which 
they  were  produced  further  decomposition  is  arrested. 

We  know,  also,  that  the  elements  of  sugar  assume  totally 
different  arrangements,  when  the  substances  which  excite  their 
transposition  are  in  a  different  state  of  decomposition  from  the 
yeast  just  mentioned.  Thus,  when  sugar  is  acted  on  by  rennet 
or  putrefpng  vegetable  juices,  it  is  not  converted  into  alcohol 
and  carbonic  acid,  but  into  lactic  acid,  mannite,  and  gum. 

Again,  it  has  been  shown,  that  yeast  added  to  a  solution  of 
pure  sugar  gradually  disappears,  but  that  when  added  to  ve- 
getable juices  which  contain  gluten  as  well  as  sugar,  it  is  re- 
produced by  the  decomposition  of  the  former  substance. 

The  yeast  with  which  these  liquids  are  made  to  ferment,  has 
itself  been  originally  produced  from  gluten. 

The  conversion  of  gluten  into  yeast  in  these  vegetable  juices 
is  dependent  on  the  decomposition  (fermentation)  of  suirar;  for. 
wlien  the   sugar  has  completely  ilii>appeared,  any   i;[lutci!  wliicb 
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Quay  still  remain  in  the  liquid,  does  not  suffer  change  from 
Dontact  with  the  newly-deposited  yeast,  but  retains  all  the 
diaracters  of  gluten. 

Teast  is  a  product  of  the  decomposition  of  gluten ;  but  it 
passes  into  a  second  stage  of  decomposition  when  in  contact 
with  water.  On  account  of  its  being  in  this  state  of  further 
dumge,  yeast  excites  fermentation  in  a  fresh  solution  of  sugar, 
and  if  this  second  saccharine  fluid  should  contain  gluten,  (should 
it  be  wart,  for  example,)  yeast  is  again  generated  in  consequence 
of  the  transposition  of  the  elements  of  the  sugar  exciting  a 
sinriho'  change  in  this  gluten. 

After  this  explanation,  the  idea  that  yeast  reproduces  itself 
SB  seeds  reproduce  seeds,  cannot  for  a  moment  be  entertained''.* 

To  these  may  be  added  the  results  of  the  very  recent  in- 
^[luries  of  MM.  Boutron  and  Fremy  on  the  phenomena  of  the 
jfarmentation  of  malt.  These  chemists  find  that  the  same  azo- 
tisad  matter  in  the  grain,  which  acts  as  the  ferment,  passes 
through  a  succession  of  changes,  and  can  excite  different  kinds 
of  fermentation  at  different  stages  in  the  progress  of  its  decom- 
position ;  that  it  is  not  one  but  a  series  of  ferments.  It  is  as 
disstswf  that  it  first  appears^  or  this  is  the  first  condition  of  the 
ferment  in  the  infusion  of  malt,  as  is  proved  by  the  action 
lAieh  it  exerts  upon  starch,  the  latter  being  converted  into 
sugar.  From  the  acidity  of  the  liquor  which  is  afterwards 
observed,  it  is  evident  that  the  azotised  matter  next  takes  the 
bhsrscter  of  the  lactic  ferment  (page  808),  and  converts  the 
to  ^  certain  extent,  into  lactic  acid.  A  period  then 
at  which  the  liquid,  still  transparent,  becomes  turbid, 
snd  tile  resulting  precipitate  is  the  matter  which  can  produce 
Aie  alcoholic  fermentation ;  and  it  is  only  at  this  epoch  that 
sloohol  is  formed  and  carbonic  acid  disengaged.  That  it  is  the 
uisoluble  precipitate  to  which  the  alcoholic  fermentation  should 
be  ascribed,  is  proved  by  filtering  the  liquid  to  separate  the 
ferment,  when  the  alcoholic  fermentation  is  immediately 
snested.f 

The  action  of  yeast  and  all  other  ferments  is  destroyed  by  the 


*  IJebig*s  Organic  Chemistry  in  its  applications  to  Agriculture  and  Physiology, 

by  Dr.  Lyon  Piayfair. 
t  Abb.  de  Cbim.  &c.  3  sorie,  t  2,  p.  269. 
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temperature  at  which  water  boils,  by  alcohol,  by  adds,  salti  of 
mercury^  8ul[)hurous  acid,  chlorine,  iodine,  bromine,  by  aio* 
matic  substances,  volatile  oils,  and  particularly  empyreQmalie 
oils,  smoke  and  a  decoction  of  coffee,  these  bodies  in  ume 
cases  combining  with  the  ferments  or  otherwise  effsctiuig  Aflir 
decomposition. 

The  following  are  additional  instances  of  fermentation.  TIm 
smell  and  taste  which  distinguish  wine  from  aU  other  fiBnneDlad 
liquids  depend  upon  (jenantkic  ether,  which  contains  a  ] 
acid ;  and  those  of  spirits  from  com  or  potatoes  upon  a  ] 
oil,  the  oil  of  potatoes.  Both  of  these  substances  are  prodnoei 
in  fermentation,  the  former  probably  from  the  tartaric  add  of 
the  wine,  the  latter  by  a  simultaneous  decomposition  of  tk 
cellular  tissue  of  the  grain  or  potato.  The  oil  of  potatoes  hM 
all  the  characters  of  an  alcohol  (page  813).  The  production  of 
this  oil  is  completely  prevented  in  the  fermentation  of  beer,  bf 
tlie  presence  of  an  aromatic  substance,  the  volatile  oil  of  hopii 
In  the  fermentation  of  the  Herba  centaurium  fmmorius,  a  plant 
which  possesses  no  smell,  a  true  ethereal  oil  is  formed,  of  t 
penetrating  agreeable  odour.  The  leaves  of  tobacco^  when  finh, 
have  little  or  no  smell,  and  when  distilled,  yield  a  white,  hVtf, 
crystallizable  substance  (nicotianine),  which  contains  no  nitro* 
gen  and  is  quite  destitute  of  smell.  But  when  the  same  phttt^ 
after  being  dried,  is  moistened  with  water,  tied  together  ia 
small  bundles,  and  placed  in  heaps,  a  peculiar  process  of  decooh 
position  takes  place.  Fermentation  commences,  and  is  accofli- 
panied  by  the  absorption  of  oxygen ;  the  leaves  now  become 
warm  and  emit  the  characteristic  smell  of  prepared  tobacco  tad 
snuff.  When  the  fermentation  is  carefully  promoted,  and  too 
high  a  heat  avoided,  this  smell  increases  and  becomes  moit 
delicate;  and  after  the  fermentation  is  completed,  an  oilf 
azotised  volatile  matter,  called  mcotine^  is  found  in  the  leardi 
This  substance  which  possesses  all  the  properties  of  a  hsMv 
was  not  present  before  the  fermentation.  The  different  kiiMk 
of  tobacco  are  distinguished  from  one  another,  like  wines,  by 
having  very  different  odoriferous  substances,  which  are  gene- 
rated along  with  the  nicotine  (Liebig). 

M.  Liebig  also  ascribes  the  morbific  action  of  matters  of  con- 
tagion and  miasms,  to  their  operation  as  ferments.  He  applies 
the  law  already  quoted  to  organic  substances  forming  part  of 
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the  animal  organism.  "  We  know  that  all  the  constituents  of 
ihese  substances  are  formed  from  the  blood,  and  that  the  blood 
by  its  nature  and  constitution  is  one  of  the  most  complex  of  all 
esdsting  matters. 

Nature  has  adapted  the  blood  for  the  reproduction  of  every 
individual  part  of  the  organism ;  its  principal  character  consists 
IB  its  component  parts  being  subordinate  to  every  attraction. 
Tlieae  are  in  a  perpetual  state  of  change  or  transformation, 
wbicfa  is  e£fected  in  the  most  various  ways  through  the  influ- 
fliiOB  of  the  different  organs. 

The  individual  organs,  such  as  the  stomach,  cause  all  the 
Ofguiic  substances  conveyed  to  them  which  are  capable  of 
tnurisformation  to  assume  new  forms.  The  stomach  compels 
the  elements  of  these  substances  to  unite  into  a  compound  fitted 
fixr  the  formation  of  the  blood.  But  the  blood  possesses  no 
power  of  causing  transformations  ;  on  the  contrary,  its  princi- 
pal character  consists  in  its  readily  suffering  transformations ; 
and  no  other  matter  can  be  compared  in  this  respect  with  it. 

Now  it  is  a  well-known  fact,  that  when  blood,  cerebral  sub- 
■tiirej  gall,  pus,  and  other  substances  in  a  state  of  putre&ction, 
»e  laid  upon  fresh  wounds ;  vomiting,  debility,  and  at  length 
death,  are  occasioned.  It  is  also  well  known  that  bodies  in 
■■atomical  rooms  frequently  pass  into  a  state  of  decomposition 
which  is  capable  of  imparting  itself  to  tlie  living  body,  the 
Hiallest  cut  with  a  knife  which  has  been  used  in  their  dissec- 
tion producing  in  these  cases  dangerous  consequences. 

The  poison  of  bad  sausages  belongs  to  this  class  of  noxious 
■nbatances.  Several  hundred  cases  are  known  in  which  death 
has  occurred  from  the  use  of  this  kind  of  food.  In  Wirtembeiig 
aqpeciaUy,  these  cases  are  very  frequent,  for  there  the  sausages 
■re  prepared  from  very  various  materials.  Blood,  liver,  bacon, 
milk,  meal  and  bread,  are  mixed  together  with  salt  and 
the  mixture  is  then  put  into  bladders  or  intestines,  and 
'  being  boiled  is  smoked.  When  these  sausages  are  well 
ppqpared,  they  may  be  preserved  for  months,  and  furnish  a 
aoorishing  savoury  food ;  but  when  the  spices  and  salt  are 
de6cient,  and  particularly  when  they  are  smoked  too  late  or  not 
nifiieiently,  they  undergo  a  peculiar  kind  of  putrefaction  which 
begins  at  the  centre  of  the  sausage.  Without  any  appreciable 
of  gas  taking  place,  they  become  paler  in  colour,  and 
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more  soft  and  greasy  in  those  parts  which  have  undergone 
putrefaction,  and  they  are  found  to  contain  free  lactic  acid  or 
lactate  of  ammonia;  products  which  are  uniTersally  fanned 
during  the  putrefaction  of  animal  and  vegetable  matters. 

The  death  which  is  the  consequence  of  poisoning  by  putrefied 
sausages  succeeds  very  lingering  and  remarkable  symptonn. 
There  is  a  gradual  wasting  of  muscular  fibre,  and  of  aU  the  con- 
stituents of  the  body  similarly  composed. 

Sausages,  in  the  state  here  described,  exercise  an  action  xxfoa 
the  organism,  in  consequence  of  the  stomach  and  odier  pnti 
with  which  they  come  in  contact  not  having  the  power  to  anreit 
their  decomposition ;  and  entering  the  blood  in  some  way  «r 
other,  while  still  possessing  their  whole  power,  they  imiNit 
their  peculiar  action  to  the  constituents  of  that  fluid. 


MOLECULAR  THEORY  OF  ORGANIC    COMPOUNDS. 

It  is  observed  by  Liebig  that  in  all  organic  compoundt  it  B 
necessary  to  consider  two  kinds  of  attraction,  that  of  the  eoa- 

tained  radicals,  and  that  of  the  ultimate  elements  themselva 
for  each  other ;  which  last  attraction  is  not  superseded  by  the 
former.  To  these  elemental  attractions  we  are  to  look  for  an 
explanation  of  the  phenomena  of  substitution. 

Any  theory  of  combination  would  be  incomplete  which  fid 
not  provide  in  the  constitution  assigned  to  both  elemental; 
and  compound  bodies,  for  that  propagation  of  chemical  action 
to  a  distance  wliich  is  witnessed  in  the  voltaic  circle.  The  con- 
sideration of  that  action  has  already  forced  upon  us  the  condu- 
siun  that  even  a  free  element  such  as  a  metal,  in  the  state  in 
which  we  operate  with  it,  has  a  complex  molecular  structure,  its 
atoms  being  grouped,  so  as  to  represent  binary  compounds. 
Hence  in  comljining  two  different  elements,  we  have  really  lo 
undo  a  previous  but  weaker  combination  in  both  cases,  beibre 
the  dissimilar  elements  unite;  and  consequently,  even  where 
combination  appeared  most  direct,  we  have  the  compound  reaDy 
formed  by  a  mutual  double  decomposition,  or  by  the  substitu- 
tion of  one  element  for  another  in  pre-existing  frames  of  com- 
pounds. The  universal  susceptibility  of  compounds  of  all  kinds 
to   decomposition    under  electrical   action    of    high    intensity. 
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appears  also  to  argue  a  greater  simplicity  and  sameness  of  con- 
stitiition  of  chemical  compounds  than  is  generally  recognised. 

We  are  repelled  by  the  idea  of  atoms  of  the  same  kind  having 
die  relation  to  each  other  of  combination^  for  diversity  of  na- 
ture appears  to  be  the  reason  why  bodies  combine.  The 
intenaitjr  of  the  combination  certainly  increases  with  the  diver- 
sity, but  this  does  not  prove  that  such  diversity  is  an  essential 
oondition  of  combination.  Combination,  indeed,  appears  to  be 
the  natural  condition  of  matter,  the  source  of  its  cohesion  and 
aggregation^  which  it  retains  by  inertia,  and  decomposition  to 
jreqnire  the  application  of  a  force,  such  as  the  communication 
of  heat  to  atoms  which  supplies  them  with  the  repulsive  power 
nqoired  to  overcome  their  combination. 

The  fundamental  elemental  combination  of  every  compound 
is  assumed  to  be  binary,  one  element  being  chlorous  (negative), 
and  the  other  zincous  or  basic  (positive) ;  or  one  set  of  the  ele- 
ments being  chlorous,  and  another  set  basic.  This  difference 
in  the  character  of  the  elements  of  a  compound  may  be  ex- 
pressed by  writing  its  formula  in  two  lines,  placing  the  basic  or 
positive  elements  in  the  lower,  and  the  chlorous  or  salt-radical 
atements  in  the  upper  line : 

Water  --,  carbonic  acid  _-?,  hydrate  of  potash  _l--,  carbonate  of 
potash  ^aiJJ,  defiant  gas  ^i,  or  ^^~^;  ether  ^^,    alcohol 

-     Most  of  these  formulae  arc  meant  only  to  express  that  certain 

dements  collectively  are  chlorous  and  certain  others  collectively 

basie.      In  ether,  for  instance,  4  atoms  (CJ  are  basic,  against 

6    atoms    (H5O)    chlorous;    but    it  is  to  be  supposed  that 

many    compounds    admit  of   a    division    into    more    simple 

H 
Unary  compounds,  olefiant  gas  — ^  into  two  binary  compounds 

C4 

K   H 
SC^H^,  expressed  thus, —1!^ ;  or  even  four  binary  compounds 

C2.C2 

4CH,  expressed  thus,  HlMl^il^.     No  particular  binary  arrange- 

ment  of  this  kind,  however,  is  at  present  insisted  upon,  unless 
in  a  few  cases.     All  that  is  assumed  is  : 

2  B  B 
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l.That  the  basic  or  positive  element  or  elements  are  in  imme- 
diate combination  with  the  chlorous  element  or  elements  placed 
above  them  in  the  formulas. 

2.  That  these  binary  compounds  again  are  dissociated  togtOm 
80  as  to  form  the  compound  molecule,  from  an  attraction  of  all 
the  basic  elements  for  each  other,  and  of  all  the  chlorous  de- 
ments for  each  other,  of  such  a  nature  as  retains  together  the 
3  atoms  of  the  same  kind  which  form  a  single  equivalent  of 
nitrogen  or  phosphorus,  the  3  atoms  of  cyanogen  in  cti- 
nuric  acid,  the  various  multiples  of  C^H,  grouped  together  ia 
the  molecule  of  olefiant  gas  and  hydrocarbons  isomeric  with  il^ 
or  the  multiples  of  CgH4  in  the  molecule  of  oil  of  turpentiBe 
and  a  large  class  of  essential  oils.  A  complex  orgamc  wish" 
cules  is  thus  represented  as  an  association  of  t^co  or  more  bimrf 
compounds,  comparatively  simple  in  constitutioHj  qften  isolaik 
substances  and  possessed  of  considerable  stability. 

In  the  superior  or  ciilorous  portion  of  the  formulae  of  oigaflk 
compounds  we  may  generally  expect  to  find  chlorine,  oxygei^ 
nitrogen,  hydrogen ;  and  in  the  inferior  or  basic  portion,  ctf- 
bon,  or  carbon  and  hydrogen.  The  former  elements  appear  li 
be  chlorous  in  the  order  in  which  they  are  enumerated  : 

Chlorine 

Oxygen 

Sulphur 

Nitrogen 

Hydrogen. 

We  find  in  substitutions,  those  in  the  lower  part  of  the  table 
replaced  by  those  above  them,  hydrogen  at  the  bottom  of  the 
table  eminently  so  by  chlorine  at  the  top,  and  hydrogen  also  by 
oxygen.  Nitrogen  less  frequently  interferes,  but  it  appears  in 
certain  cases  more  chlorous  than  oxygen  and  to  replace  thit 
element ;  only,  however,  in  certain  double  decompositions  as  n 
element  of  ammonia,  which  are  not  sufficient  to  determine  its 
place,  as  oxygen  n)ight  be  placed  above  chlorine  from  sinulir 
indications,  as  the  conversion  of  chloroform  F0CI3  into  for- 
mic acid  F0O3  '^y  potash. 

Compounds  of  the  same  type. — These  are  bodies  which  have 
the  same  number  of  elementary  atoms,  and  the  same  numben 
of  them  chlorous  and  zincous.     As  : 
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rr 

Ofolefiantgas  type:  olefiant  gas  ^^;    chloride   of    carbon 

Of  etber  type :  ether  ?«? ;  chloride  of  ethyl  ^^ ;    chlori- 
natcd    ethyl   ^i^l?,  &c. 

Of  alcohol  type  :  alcohol  ^j!^  5  acetic  acid  —^'S  5  cHo- 

««oeticacid-5j?224i 
C^.    H' 

Of  aldehyde  type:  aldehyde -^'^^g ;  chloral  P^lf^'S. 

C^,  H  C^.  H 

"   Ammama. — ^The  molecular  formula  of  ammonia  appears  to  be 

TX  H 

g-,  and  not  -=^.     The  hydrogen  of  ammonia  being  basic,  ac- 

Miding  to  the  first  formula,  should  not  be  replaced  by  dilorine, 
iad  certainly  chlorinated  salts  of  ammonia,  analogous  to  the 
dilorinated  compound  ethers,  have  not  been  observed.  Oar 
knowledge  of  the  composition  of  the  explosive  chloride  of  ni- 
trogen is  not  sufficiently  certain  to  decide  the  question.  It 
will  be  remembered  that  N  in  the  formula  above  is  equivalent 
lo  O3  or  H3,  Wohler's  white  precipitate  of  mercury  UgCl 
+NH3  (page  656),  and  ordinary  white  precipitate,  HgCl 
+HgNH2,  are  assimilated,  being  expressed  respectively  by: 
a  .N  ,  Cl.  N 
HPI?  *"^  HgTfpTg- 
•  The  black  compound,  produced  by  solution  of  ammonia  upon 

ealomel,  is  expressed  by  -^ =-=-^^ — ,  or  possibly  by  ^t — „  o 

Urns  amidogen  is  not  necessarily  present  in  the  supposed  me- 
tallic amides ;  but  appears  to  be  more  necessary  to  the  constitu- 
lion  of  oxamide  and  urea,  particularly  the  last.      Of  oxalate  of 

immonia,  and   oxamide,  the  molecular  formula  are :  Ti^-rr^ 

Qyanogtn    and    cyanide$. — ^Tlie    formula    for   cyanogen    is 

2  B  B  2 
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_;  for  hydrocyanic  acid  -^p-^  and  not  -p-^-  That  ihe  hy- 
drogen of  hydrocyanic  acid  is  chlorona^  axid  not  basic,  appem 
in  its  being  replaced  by  chlorine,  with  formation  of  hydrochloric 

NCI 
acid  and  the  chloride  of  cyanogen,  -71^^.     Hence^  alao^  tlie  fit- 

tie  action  of  potash  and  strong  bases  upon  hydrocyanic  add 
(page  989),  its  hydrogen,  unlike  that  of  ordinaiy  hydrogen  wok, 
being  chlorous,  while  the  same  hydrogen  is  readily  replaced  bf 
the  more  chlorous  metals,  such  as  mercury,  the  cyanide  of  mo^ 

cury  being         ^.    The  latter  salt  is  not  decomposed  by  strong 

acids,  as  it  would  be  if  its  constitution  resembled  that  of  cjs- 

N 
nide  of  potassium  ,   But  cyanide  of  mercury  is  readi^ 

decomposed  by  sulphur  and  sulphuretted  hydrogen,  and  bj 
hydrochloric  acid,  sulphur  and  chlorine  assuming  the  merciny 
and  forming  sulphuret  and  chloride  of  mercury  respectirelj, 
while  hydrogen  is  left  in  the  place  of  the  abstracted  mercnrji 

NH 

and  hydrocyanic  acid  -^^f-  reproduced. 

The  two  atoms  of  cyanide  of  hydrogen,  which  exist  in  /at*- 

q/anic  acid^  FeCy  -f  2HCy,  have,  on  the  contrary,  the  constitutkn 

of  an  ordinary  hydrogen-acid,  the  hydrogen  being  strongly  btsie 

and  easily  replaced  by  the  basic  metals,  potassium  &c.  wliik 

N 
the  iron  is  not.     It  thus  contains  7^*     ^^^    ^®  "^"  ^  ^ 

associated  cyanide  of  iron  not  being  precipitated  by  potash  ^ 

placeable  by  potassium),  must  be  chlorous;  and  this  metdlie 

cyanide,  therefore,  resembles  ordinary  hydrocyanic  acid  incoa- 

.    NFe 
stitution,  or  is  -7^— . 

Ferrocyanic  acid  .     .     .     , 
Ferrocyanide  of  potassium , 

The  molecular  formul®  for  ferricyamc  add  (Hj-hFcjCy^ 
and  for  ferricyanide  of  potassium  (K3 -f  FcjCyg),  deducible  fiM 
the  same  principles,  are  : 


NFe 

.    Nj 

c. 

.C4H2 

NFe 

.    N,' 

C, 

.C4K3 

NjFe,  . 
NgFe,  . 

_N3. 

"crT 

"C6K3 

MOLECULAR  THEORY  OF  ORGANIC  COMPOUNDS.  733 

Fenicyanic  acid      •    •    • 
FerrieyHnide  of  potassiam 

Astigiujig  to  ndphoq^anogetiy  CjNS^,  the  molecular  formula 
"^^9  ita  compounda  will  be  : 

*  N  S 
Hydrosulphocyanic  acid      .     .     .    ^ 

^'  Sttlphocyanide  of  potassium    .     ^  "a 

Hydrated  cymuc  acid  and  cyanate  of  potash  will  be  represent- 
ed byfbnnuls  which  assimilate  them  to  the  preceding  compounds: 

."- ^  Hydrated  cyanic  acid  .     .     ^r-u^ 

■  *  Cyanate  of  potash    .     .     .     i™2. 

The  two  isomeric  bodies  cyanate  of  ammonia  and  urea  (page 
392)  have  different  molecular  formulee : 

**-■  N  O    N 

^rr, / .  Cyanate  of  ammonia .  tj^' tj 

*  Urea N.O3.N 

•£»{n  the  last  formula  urea  is  represented  as  containing  1 
fllbBi  of  cyanogen^  2  atoms  of  water  and  1  atom  of  amidogen. 
AoDording  to  the  more  common  opinion^  it  contains  2  atoms  of 
cubonic  oxide  and  2  atoms  of  amidogen,  a  view  which  may  be 
eiqyressed  by  making  a  slight  change  in  the  upper  line  of  the 
,  preceding  formula : 

Urea 9-^^. 

But  the  existence  of  cyanogen  in  urea  being  probable,  the 
jlrat  fonnula  is  preferable.  Urea  may  then  be  compared  with 
dfeji/iitiiy  which  contains  2  atoms  of  cyanogen  and  3  atoms  of 
water: 
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Allatitoin 


C4.H3        C3.H3.Ca 


N,.0, 


or 


Doubling  the  atom  of  allaiitoina  that  substance  and  ta  com- 
pound with  oxide  of  silver  will  be : 

From  the  difl^rent  action  of  potash  upon  the  isomeric  bodior 

Dutch  liquid  and  protochhrinated  chloride  of  eth^lf  tb 

be  little  doubt  but  their  aialecular  formuke  are  really  di: 

H  CI  CI  '  H  CL 

Dutch  liquid    il?  ii.:-^. ,  protoctdorinatcd  chloride  of  cthjrl     ♦.  ^ 

X^'^      m      IT 

and  while  the  other  chlorinated  compounds  of  chloride  of  et 
jj  d  M  PI 

3_3  and  — ir^»  those  of  olefiant  gas,  isomeric  with  the  prt- 

i/4  C4 

H  CI  CI 
ceding,  are,  as  appears  by  the  action  of  an  alkali,     * -^' ■  ,     mi 

C4  •  H 

H CI    CI 

'       ^*     .  For  from  Dutch  liquid  and  the  two  last  mentioned  cooi^ 
L/^.    hi 

pounds,  potash  withdraws  HO,  and  liberates  three  eompoim^ 


of  the  same  tjrpe  : 


HXl 


^and"gk 
L4 


The  elements  which  are  chlorous  together  or  basic  togtlkf 
in  a  compound,  certainly  exert  an  influence  apon  each  oths^r 
although  they  are  not  to  be  supposed  to  be  combined,  as  tlwaf 
of  different  name  are  with  each  other.  For  we  find  a  tendency 
among  them  to  arrange  themselves  in  pairs.  Thus  the  cMo- 
rinated  compound  of  oxide  of  ethyl,  most  readily  forroed,  ii 
that  of  which  the  empyrical  formula  is  C^H^jCI^O,  and  the  o<^ 

lecular  fonnula  M3j^l25^,  or  rather  Ma^^i!^,  of  which  the  tlw 

atoms  of  hydrogen  are  associated  with  three  still  more  chlorWI 
atoms  namely  two  of  chlorine  and  one  of  oxygen.  There  €«* 
be  no  doubt  that  these  three  remaining  atijms  of  hydrogen  trt 
thus  in  some  degree  defended  fron»  the  farther  action  of  chlofwf* 
and  Jess  easily  removed  than  the  other  two. 

The  molecular  formula  of  oil  of  bitter  almonds^  or  hydruTft  ti 

benzoyl  appears  to  be  ^^^ ;    of  hydrated  bcnjsoic  arid  ^V   -u. 
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Of  the  oil  of  $pmea  or  saiicyious  acid,  which  is  isomeric  with 

the   last,  ^ ^ t/ ;    of  chlorosalicylous  acid,-*— J— ;  and  of  hy- 
C14H  C14II 

drated  saUcylic  acid,"*26   or  "^A^. 
C14H  Cj^.  H 

.The  peculiarity  of  oil  of  spircea,  or  salicylous  acid,  is  that  its 

angle  basic  atom  of  hydrogen  is  removeable  by  itself,  like  that 

of  a  hydrogen  acid,  in  the  formation  of  salts,  while  of  hydrated 

PMnaoic  acid,  both  H  and  O  are  removed  in  the  formation  of 

iihai.     This  difference  is  expressed  in  their  molecular  formulae. 

*  ^The  hydrated  and  bibasic  brcmobenzoic  add  is  an  association 

pf  tare  adds,  one  of  which  differs  from  the  other  in  having  an 

of  hydrogen  replaced  by  bromine  ;  namely  HO  -f  C14H5O4 

HO+Cj4H4Br04.    Of  these  two  the  molecular  formulas 

My  be,  of  the  first,  "^^v^and  of  the  second  MlJlSErg. 

Cj4   •   H  ^14*       "- 

i^y[H  benzatmde,  Bz+Ad,  or   C14H5O2  +  NH3,  the  molecular 
Annula  may  be  -^'  '    ^,  in  which  N  replaces  30  of  hydrated 

benioic  acid. 

^^'{Xhgdrobenzamide,  C^^U^^S^^  produced  by  the    action    of 

Anmonia  on  the  hydruret  of  benzoyl,  the  molecular  formula  is 

MaV^ ;  or  that  of  the  oil,  with  20  replaced  by  N^. 

•'  Of  JoScyfimufe,  HO  +  C14H5ON1,  produced  by  the  action  of 

npnonia  on  salicylous  acid,  "s^ffi,  or  "s^^^'2  5    ^^^    ^' 

.*  ^14"  ^14  '    ** 

itfieylous  acid  with  20  replaced  by  N| 

''.Of     cUorosalicylimide,      C14H3CI3O2N4,     HjgsNiOj^    ^^ 

^  >?  G^^  y  ^^  atoms  of  the  chlorous  hydrogen  of  salicyli- 

dUOfe  being  replaced  by  chlorine. 
^^^Tbtmaiian  of  orMfc.— The  formula  of  benzole  or  benzin,  is 

■m     ;    of  the  neutral  body,  sulphobenzide^ — 5_ — 1^  or  -w-k^ 

T6  the  last  hydrated  sulphuric  acid  is  attached,  in  sulphobenzic 
•"    ;^H,0,.03.0  ^,   H,S0,.03.0 
C|^«8.  H  C]«|  •  S  .H. 

SiUphurouM  acidy  SO^,  is  a  body  like  sulphobenzide  ;  in  hy- 
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posulphuric  acid  it  has  hydrate  of  sulphuric  add  attached  to  it. 
Sulphurous    acid,    -^;    hydrated  hyposulphuric  ^^W^-j^^*.. 

The  neutral  substance,  benziley  C^^H^O^^  or  C^j^H^gO^,  be- 
comes beuzilate  of  potash,  by  fixing  the  elements  of  liydmtc  of 

potash ;    thus  benzile,  —^-^  1  benzilate  of  potash^    .■)*^    *y  Ir 

When  the  potash  is  withdrawn  from  the  latter  by  a  8tfoiij«r 

H    O  O  O 

acid,  hydrated  benzilic  acid  is   formed^    ^^   '^Vi'it'       "^f!^ 

neutralised  \rith  bases,  this  hydrate  loses  an  atom  of  watcf  itul 
acquires  an  atom  of  metallic  oxide  in  its  place, 

Chiorisaim^  a  neutral  substance,  when  dissolved  in  caustic 
potash   is  converted  into  chlorisatinate  of  potash,  in  a  admiltf 

manner :     Chlorisatin,       ^  T^    ^     ;    chlorisatmate     of   poti»K 


H^ClOaN.O.O 


^33 


Decomposed  by  a  strong  acid,  the  latter  »k 


U    A      ^         4r       LJ  4'  '^     HXIO3N.O.O 

gives  hydrate  of  chiortsahmc  acia^       n  ifli 


^16 


h:h 


Concentrated  acids  decompose  this  hydrate,  assuming  i^ 
water,  and  reproduce  the  neutral  chlorisatin.  It  is  clear  thil 
the  anhydrous  acids  generally,  such  as  SO3,  POg,  &c.,  Wonf 
to  the  class  of  sulphobenzide  and  chlorisatin,  and  owe  thar 
power  of  combining  with  bases  to  the  association  with  tlicm  ^ 
an  atom  of  water. 


Hydrate    of    sulphuric    acid, 


0.11 


0^a«„dO^, 


We  have  other  series  of  compounds  of  which  the  meialMn 
only  differ  from  each  other,  in  containing  different  propoitiatf 
of  water  or  its  elements  attached  to  a  common  bosis^  as  9lfld^ 
gum  and  starch  sugar ;  gum  being  starch  plus  I  atom  of  wtt^t 
and  starch  sugar,  starch  plus  2  atoms  of  water.  It  is  at  pTttflJ* 
impossible,  however,  to  assign  a  probable  molecular  formiililo 
the  basis  of  the  starch  and  many  other  series  of  com[Kiuiids^frt90 
our  ignorance  of  the  function  of  the  hydrogen  in  their 
tion,  where  the  hydrogen  has  not  been  re|>lac^  by 
element  more  decidedly  chlorous  or  basic  in  its  ohamcter* 
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CHAPTER    n. 

SECTION    I. 

AMYLACEOUS  AND  SACCHARINE  SUBSTANCES. 

STARCH. 

-  -Sjfiu  FECULA,  amylin;  C,^HjoO,o;  in  combination  with 
iqcpde  of  lead,  C^^UgOg  +  2PbO,  (Payen).  Its  composition,  well 
dried  in  vacuo  at  21 2^  is 

12  atoms  of  carbon.  .  .  .  917*22. .  44.91 
10  atoms  of  hydrogen.  .  •  125.00..  6.11 
10  atoms  of  oxygen.     .     .     .     1000.00. .  48.98 

20-1.22..  100.00 

Starch  is  separated  from  a  variety  of  vegetable  substances 
Containing  it,  from  the  grains  of  the  different  cereals,  many  roots 
tuch  as  the  potato,  the  stems  of  many  monocotyledonous  plants 
paiticnlarly  the  pdms,  and  from  several  lichens.  It  is  con- 
tained in  the  cavities  of  the  vegetable  cells,  in  the  form  of  small 
tvbite  and  brilliant  grains,  which  are  not  crystalline,  but  have  a 
ittanded  outline  without  any  determinate  form.  It  is  so  far  an 
^iitgaiiised  substance,  that  each  grain  has  a  species  of  envelope, 
?Mdch  resists  the  action  of  cold  water,  while  the  inner  portion 
'Ik  observed  by  the  microscope  to  be  composed  of  concentric 
Isyera  of  unequal  thickness,  as  if  the  layers  produced  during 
4te  day  exceeded  in  thickness  those  formed  during  the  night. 
(Fritische).  The  grains  of  the  starch  of  different  plants  differ 
in  me,  those  of  the  potato  being  about  i^  of  wheat  t^v,  of 
millet,  -nmnrth  of  an  inch  in  diameter,  according  to  observations 
-^  Raspail.  But  it  is  also  known  that  the  starch  grains  of  the 
liatoe  plant  differ  in  size  at  different  stages  of  its  development. 
•^"'TBio  purest  starch  is  obtained  from  potatoes,  which  are 
ifeflueed  to  a  pulp  and  washed  on  a  sieve.  The  grains  of  starch 
-tfri^iil^parated  and  passed  through;  they  may  be  washedrepeatedly 
*4ttlreold  water.  Potatoes  yield  15  to  17  per  cent,  of  starch  ; 
%biibten  flour  consists  essentially  of  starch  and  another  vege- 
tAl^'  principle  gluten.  When  made  into  dough  with  a  little 
boM  wiiter,  inclosed  in  a  linen  bag,  and  gently  pressed  by  the 
band  in  water,  so  long  as  a  milky  juice  exudes,  these  two  subs- 

2  c  c 
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tances  are  in  a  grejt  measure  separated^  the  glaten  remaining  in 
the  bag,  and  the  grains  of  starch  being  diffused  through  the  water, 
from  which  they  afterwards  subside.  On  the  large  scale,  wheafeen 
meal  coarsely  ground  is  mixed  with  cold  water  in  large  vata,  ia 
which,  with  a  certain  addition  of  sour  water  from  a  foniur 
process,  the  liquid  ferments  for  seven  or  eight  days,  and  the 
starch  subsides.  The  acetic  acid  formed  in  the  fermentaiioB 
dissolves  the  greater  part  of  the  gluten  of  the  flour,  and  tke 
bran  is  separated  from  the  starch  by  a  fine  sieve.  The  studi 
is  afterwards  mixed  with  pure  water  in  the  vat  and  allowed  tD 
settle ;  the  remaining  gluten  is  deposited  as  a  grey  slimy  mattv 
above  the  starch,  which  is  removed,  and  the  starch  washed 
again  till  pure.  For  the  fermentation,  the  action  of  a  weak  sob- 
tion  of  caustic  alkali  has  lately  been  substituted,  by  which  the 
gluten  of  flour  is  dissolved  and  the  starch  leflt.  Mr.  O.  Jona 
employs  a  ley  containing  200  grains  of  caustic  soda  in  onegaDoa 
of  water.  A  ley  containing  400  grains  of  soda  causes  the  stansk 
to  gelatinize;  by  that  quantity  of  ley,  one  pound  ofexoelbdt 
starch  is  obtained  from  flour  of  rice,  allowed  to  digest  in  it  in  the 
cold  for  forty-eight  hours. 

An'ow  root  is  the  starch  from  the  root  of  the  marantha  anin- 
dinacea.  It  is  not  accompanied  by  any  odoriferous  principle,  and 
has  therefore  no  smell  when  boiled  with  water,  in  which  respect 
it  resembles  potato  starch  washed  with  alcohol.  Sago  it 
derived  from  the  pith  of  true  palms  of  the  genus  Sagns  ;  tapod 
or  cassava^  from  an  American  plant,  the  iatropha  manihot,  cf 
which  the  milky  juice,  itself  poisonous,  deposits  when  diffused 
through  water  a  harmless  starch.  The  peculiar  appearance  and 
solubility  in  cold  water  of  sago  and  tapioca  arise  from  the  studi 
being  exposed  while  humid  to  a  temperature  above  140^,  so  that 
it  is  dried  in  the  gelatinous  condition  and  not  in  the  original 
grains. 

Starch  or  fecula  may  be  purified  from  adhering  gluten  by 
maceration  in  diluted  acetic  acid,  or  by  means  of  a  cold  and 
dilute  solution  of  alkali.  The  starch  of  commerce  is  perfisctly 
white,  and  in  small  columns  formed  by  the  contraction  of  the 
humid  mass  of  starch  in  drpng,  which  are  easily  reduced  to  a 
fine  powder.  It  emits  a  particular  sound  when  pressed  between 
the  fingers,  its  density  is  1.53.  The  other  characters  which 
fecula  exhibits  are  complete  insolubility  in  cold  water  and  in 
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alcohol,  but  resolving  itself  in  boiling  water  into  a  mucilaginous 
liquid,  which  forms  a  jelly  on  cooling.  This  when  suddenly 
dried  upon  linen  imparts  considerable  stiffness  to  it.  Dilute 
acids  dissolve  starch,  and  form  a  transparent  and  highly  fluid 
fiquid.  When  this  solution  is  boiled  for  a  long  time,  the  starch 
ia  first  converted  into  a  body  having  the  properties  of  gum,  and 
afterwards  into  starch  sugar.  Nitric  acid  with  the  assistance  of 
heat  converts  starch  into  oxalic  and  malic  acids,  without  pro- 
ducing a  trace  of  mucic  acid.  Starch  is  also  soluble  in  alkalies ; 
when  brayed  with  a  concentrated  solution  of  hydrate  of  potash, 
it  forms  a  transparent  gelatinous  compound  soluble  in  alcohol 
and  water,  from  which  the  starch  is  precipitated  by  acids.  Starch 
ia  precipitated  from  solution  by  lime  w^ater  and  hydrate  of  barytes, 
and  by  sub-acetate  of  lead  containing  ammonia,  forming  insoluble 
oompounds  with  lime,  barytes  and  oxide  of  lead.  A  solution 
of  starch  is  also  coagulated  by  borax,  which  combines  with  and 
precipitates  the  starch,  but  not  by  boracic  acid.  Starch  is  pre- 
jmpitated  by  an  infusion  of  gallnuts.  It  forms  a  blue  insoluble 
eompound  with  iodine. 

Gelatinous  starch  or  mnidin, — In  this  state  starch  appears  to 
retain  a  portion  of  its  organisation  or  structure,  upon  which 
aome  of  its  properties  depend,  and  which  is  the  cause  of  the 
difference  in  properties  of  the  varieties  of  starch,  containing 
the  same  chemical  principle.  When  grains  of  fecula  are 
mbbed  in  a  mortar  with  sand,  their  coating  is  broken  and  they 
ibnn  a  greyish  white  powder,  which  when  mixed  with  a  little 
cold  water  immediately  expands  and  forms  a  transparent  jelly. 
If  the  uninjured  grains  be  thrown  into  water  above  140®,  they 
imbibe  water,  swell  and  burst  their  envelopes,  which  have  a 
certain  degree  of  elasticity,  and  undergo  the  same  change.  But 
the  gelatinous  starch  has  imbibed  water  like  a  sponge,  without 
being  dissolved  and  when  placed  upon  several  folds  of  blotting 
paper  imparts  to  the  latter  its  moisture,  and  dries  up  into  a 
.mass  resembling  horn,  which  exhibits  again  the  same  phenomena, 
ifHen  after  being  reduced  to  powder  it  is  treated  with  boiling 
water.  A  portion  of  the  gelatinous  starch,  however,  appears 
to  be  dissolved  by  a  large  quantity  of  cold  water,  about  ^th  of 
the  starch,  when  the  bruised  grains  are  diffused  through  100 
times  their  weight  of  cold  water,  and  the  whole  of  it  when 
gelatinous  starch  is  boiled  with  40  or  50  parts  of  water ;  for  the 
mucilaginous  liquid  passes  throui^h  a  double  pciper  filter  and  no 
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granules  or  solid  matter  in  any  other  form  can  be  pefceiTed  in 
the  liquid  by  the  microscope.  The  tegumentary  portion  of  iki 
starchy  which  amounts  to  three  or  four  thousands  of  the  whele^ 
remains  on  the  £lter,  but  may  also  l>e  dissolved  by  oontumid 
boiling.  When  the  quantity  of  starch  dissolved  by  hot 
is  considerable,  much  of  the  starch  separates  in  a 
state,  on  the  cooling  of  the  solution.  The  peculiar 
of  the  solution  of  starch  in  water  has  been  the  object  of  modi 
research  by  M.  Payen,  which  lead  to  the  observation  tliat  by 
the  freezing  of  a  solution  of  starch  that  substance  separates  fnm 
the  water  and  contracts  into  a  species  of  tissue,  whkh  is  not 
dissolved  again  on  the  thawing  of  the  ice.  It  is  the  opinion  ef 
the  same  chemist  that  tlie  organisation  of  the  stardi  is  iwl 
altogether  effaced  or  its  cohesion  destroyed,  so  long  as  tl  if 
gelatinous  and  possesses  the  property  of  being  stained  by  iodini 
of  a  blue,  or  of  ditlcrcnt  shades  of  violet  to  red,  Bccordittj?  te 
the  degree  of  its  division,* 

Granules  of  starch  of  M,  Jacquelain, — ^AVhen  starch  is  iicaiea 
under  pressure  in  a  Papin's  digester  to  30:2*'  (150**  cent),  witk 
from  five  to  fifteen  times  its  weight  of  water  for  two  hnm% 
the  whole  is  dissolved  except  the  tegumentary  matter,  and  the 
solution  is  so  thin  that  it  may  be  filtered  at  the  boiling  tem* 
perature.  This  solution  when  it  cools  deposits  a  considerablf 
mass  of  pulverulent  matter,  white  and  opaque  and  entirrlr 
composed  of  a  species  of  granules^  first  observed  by  M.  Jacque- 
lain. These  granules  when  examined  by  a  microscope  baTinj 
a  power  of  200  diameters,  present  themselves  as  circolir  tf 
spherical  bodies,  transparent,  and  uniformly  rrHw  of  am  inA 
(Worths  of  a  millimetre)  in  diameter*  Wlien  dried  theyhiVt 
the  whiteness  of  starch  without  its  lustre.  They  are  Aivrntt 
than  water,  and  subside  from  that  liquid  almost  as  quicUy  • 
fecuk.  These  granules  are  scarcely  soluble  at  32*',  sUgbdy  I0 
at  53. 6^  but  dissolve  in  a  considerable  proportion  about  I5fl*» 
and  in  still  greater  quantity  at  the  temperature  of  ebnUitioB^ 
This  increased  solubihty  is  the  most  remarkable  eb^nieal  chisfi 
which  the  starch  has  undergone,  by  its  solution  rn  water  it  i 
high  temperature.  Anhydrous  alcohol  precipitatea  oompkldl 
a  solution  of  the  granules  and  the  aqueous  soluCian  of 

•  Animki  de  Cbimk  «t  de  Plijrtiqtir^  tome  «55^  p.  225. 
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makes  it  blue  and  not  purple.  When  a  film  of  a  concentrated 
•olution  of  these  granules  is  left  under  the  microscope,  it  ia 
seen  to  be  in  a  state  of  agitation  so  long  as  the  evaporation  of 
the  water  continues  and  when  tlie  matter  comes  to  be  dried, 
the  granules  cease  to  be  visible,  attaching  themselves  to  each 
other  as  if  soldered  together,  and  forming  a  transparent  plate 
in  which  nothing  can  be  perceived  even  witii  a  magnifying  power 
of  800  diameters.  A  solution  of  the  granules,  when  frozen  and 
afterwards  melted,  gives  the  granules  in  the  form  of  fine  fila- 
ments, which  are  very  short,  and  have  a  silky  lustre.  M.  Jac- 
qvelain  finds  these  granules  and  fecula,  both  dried  between  2(j6° 
and  275°,  to  have  the  same  composition,  Cj^HjoO^o.  But  he 
eonatantly  obtained  a  small  quantity  of  nitrogen  from  starch, 
about  i  per  cent,  from  his  granules  and  a  somewhat  larger  pro- 
portion from  fecula,  which  he  conceives  to  be  essential  to  that 
•nbatance.  The  power  which  starch  possesses  to  form  these 
granules,  must  be  considered  as  an  organic  property,  and  proves 
that  it  retains  contractility,  even  when  dissolved  in  water.* 
The  original  grains  of  fecula,  which  consist  of  concentric 
layers,  are  still  more  highly  organised ;  starch  indeed  occupies 
an  important  place  in  organic  chemistry,  as  a  link  between 
matters  truly  organised  and  those  bodies  of  a  less  complex 
constitution,  which  still  belong  to  the  organic  kingdom,  but 
approach  in  their  crystallization,  volatility  or  chemical  properties 
to  mineral  substances  properly  so  called. 

A  compound  of  amidin  and  oxide  of  lead  was  formed  by 
M.  Payen,  by  dissolving  two  parts  of  pure  starch  in  250  parts 
of  water,  with  ebullition  for  twenty  minutes  and  pouring 
the  filtered  solution  into  an  excess  of  the  ammoniacal  solution 
of  acetate  of  lead  (page  594),  collecting  and  washing  the  preci- 
pitate upon  a  filter,  and  drying  it  in  vacuo  at  356^  (180°  cent.) 
He  terms  it  the  bibasic  amylate  of  lead,  C^^HgOg  +  ^PbO. 

Starch  combines  with  chlorine,  bromine  and  iodine.  The 
solution  of  chlorine  has  little  effect  upon  starch,  but  when  dry, 
starch  is  introduced  into  chlorine  gas,  the  latter  is  absorbed,  a 
little  carbonic  acid  is  evolved,  the  mass  l^ecomes  liquid,  assumes 
a  brown  colour,  and  is  charged  with  much  hydrochloric  acid.  The 
tromkk  of  starch  is  an  orange  powder,  which  is  formed,  ac^ 

*  JacqaeUin,  Annalcs  du  Cbimic  et  dc  Pliysiqiic,  tuiuc  73,  p*  1C7. 
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cording  to  Fritzsche,  when  water   saturated  with   bromine  is 
dropt  into  a  solation  of  starch  in  water  acidulated  with  hydro^ 
chloric  acid.      The  colour  is  destroyed  by  a  slight  heat;  tB 
obtain  the  iodide  of  starch  in  a  state  of  purity  the  foUowfiig 
process  is  recommended,    A  firm  jelly  is  prepared  by  boating 
potato    starch  with    water,    and  after  cooliivg,    a    quantity  of 
hydrochloric  acid  is  added  sufficient   to  occasion    the    mtxtufv 
to    become    liquid  when   assisted   by  a   alight    elevmti<m    of 
temperature.      The    sohition   is    then   filtered  and  a  solntioa 
of    iodine    in  alcohol  is  mixed  with  it,  so  long  as  the  bltor 
produces  a  blue  precipitate^  care  being  taken  not  to  add  tm 
much  of  the  solution  of  iodine,  as   the  alcohol  of  that  tolii- 
tion  wiH  then  precipitate  uncombined  starch.    The  predpititv 
is   collected,    drained    on    a    filter    and    washed    with    water 
poured  upon  it  in  smaE  quantities.     Once  deprived  of  hfdtfh 
chloric  acid  a  the  compound  dissolves  in  the  water  used  to  wiA 
it ;  the  washing  is  therefore  interrupted  so   soon  aa  the  li^nl 
which  passes  exhibits  an  intense  blue  colour ;  the  coropottnd  ii 
removed  from  the  filter  and  dried  on  a  capsule  over  sulphmie 
acid  in  vacuo,     A  brown-black  gummy  and  very  brilliant  mam 
is  thus  obtained,  which  can  easily  be  pounded  when  pet&cdf 
dry,  but   which    becomes    viscous  by    attracting    hygroiDfl^ 
moisture*     It  is  very  easily  dissolved  by  water,  giving  a  deep 
blue  solution,  and  may  be  recovered  again  by  evaporatioii  in 
vacuo,  in  a  dry  stat^  and  without  alteration.     When  a  solution 
of  iodide  of  starch  is  heated,  it  becomes  colourless  at  158*  Of 
160**  if  very  dilute,  but  not  under  194**  when  the  solution  b 
concentrated.      The  colour   reappears    on  the    cooling  of  tte 
solution,  provided  it  has  not  been  boiled.    When  the  colour  i» 
not  restored,  the  iodine  appears  to  be  converted  into  iodic  »iid 
hydriodic  acids-     Animal  charcoal  discolours  the  blue  solntWf 
carrying  down  iodine.    The  iodide  of  starch  contains  4 1-7^  f**^ 
of  iodine  with  58.21  of  starch,   according  to  the  analysis  cl 
Lassaigne,  or  it  consists  of  two  atoms  of  iodine  with  one  tibm 
of  starch.     (Beraelius)* 

Dextrin  or  mucilaginous  starch. — By  the  action  of  woiitk 
idkalies,  diastase,  and  of  heat,  a  complete  dissolution  of  tbc 
gelatinous  starch  may  be  effected)  it  becomes  largely  solobtti* 
cold  water,  the  solution  is  mucilaginous  and  not  gelatinoas»  •n*' 
the  altered  starch  lias  many  of  the  characters  of  gum,     Dextria 
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ia  prepared  by  boiling  a  solution  of  starch  with  a  few  drops  of 
sulphuric  acid,  or  by  heating  to  200°,  100  parts  of  starch,  20  of 
mlphuric  add  and  28  of  water,  filtering  and  precipitating  by 
alcohol,  as  a  white  glutinous  substance  becoming  pulverulent  by 
repeated  washings  with  alcohol.  It  may  also  be  prepared  by 
diaataae ;  an  infusion  of  malt  is  mixed  with  a  solution  of  starch, 
in  the  proportion  of  6  or  8  of  malt  to  100  starch,  and  the  liquid 
kept  at  150°  for  twenty  minutes.  •  From  being  milky  and  viscid, 
it  becomes  nearly  as  fluid  as  water.  It  is  then  heated  quickly 
to  212°,  to  stop  the  farther  action  of  the  diastase,  filtered  and 
precipitated  by  alcohol.  The  solution  of  dextrin  was  supposed 
not  to  be  affected  by  iodine,  but  Jacquelain  finds  tliat  dextrin 
is  coloured  purple  by  iodine,  and  not  bhie,  like  fecula,  or  that 
IS  not  colourable  by  iodine,  according  to  the  circumstances  of 
its  preparation.  Thus  1  part  of  the  granules  with  5  parts  of 
water,  heated  to  320°  for  forty-five  minutes,  gave  a  dextrin 
which  was  colourable  purple  by  iodine ;  while  the  same  mate- 
rials heated  for  one  hour  and  forty-five  minutes,  at  the  same  tem- 
perature, gave  a  dextrin  not  colourable  by  iodine.  There  can 
be  little  doubt,  therefore,  that  there  are  two  varieties  of  dextrin, 
dextrin  cohurahle  by  iodine^  and  dextrin  not  colourable  by  iodine. 
These  varieties  of  dextrin  also  appear  in  the  succession  of 
dianges  which  fecula  undergoes  under  the  influence  of  an  acid. 
Thus  a  mixture  of  1  part  of  fecula  witii  1  part  of  water  and 
viv  of  oxaUc  acid,  gave  when  heated  at  2(>6°  for  twenty  minutes, 
dextrin  colourable  purple,  for  one  hour  dextrin  not  colourable, 
for  two  hpurs  sugar  of  starch  also  not  colourable. 

Dextrin  is  not  fermentable  by  yeast,  but  is  readily  convertible 
by  diastase  and  dilute  acids  into  a  sugar,  which  is  fermentable. 
Tlie  name  dextrin  was  applied  to  it  l)y  Biot  from  its  eifect  upon 
a  ray  of  polarised  Ught  passing  through  its  solution,  in  causing 
the  plane  of  polarisation  to  deviate  very  consideral)ly  to  the 
right.*    The  composition  of  dextrin  according  to  M.   Payen, 

*  Memoirs  by  M.  Biot,  on  Circular  Polarisiition;  Taylor's  Scientific  \fcinoini, 
▼oL  1  pp.  584»  GOO,  And  Annalcs  dc  Cbimio  et  do  IMiysiqiio,tomcs()!),  p.  22,  ct  74, 
pb  401.  When  light  polarised  by  reflection  from  the  surface  of  a  piatc  of  black 
glass  or  from  the  surface  of  a  pile  of  superposcfl  plutes  of  transparent  glass  reaches 
tbeeje  through  a  disc  uf  tourmalin,  a  solution  of  dextrin  U>ing  interposed  in  a 
tube  between  the  reflecting  plate  and  tourmalin,  the  light  does  not  disappear  in 
those  positions  of  the  tourmalin  in  which  light  would  be  completely  absorbed 
without  the  interposition  of  the  solution  of  dextrin ;    but  prismatic  colours  are 
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is  C,aHioOnj5  and  of  two  dextrinates  of  lead  dried  at 
C^^HgO^H-PbO,  and  Ci^Hj^Og-f 2PbO,  »o  that  dertrin  is 
identical  in  composition  witli  amidin,  both  when  free  and  m 
combination.  Both  of  the  dextrinates  of  kad  retain  I  eq,  ol 
water,  when  dried  at  inferior  temperatures*  A  dextriaale  d 
barytesj  prepared  by  Payen  by  means  of  a  solution  of  anhydroui 
barytes  in  wood  spirit^  and  strongly  dried  between  356**  and 
374^,  gave  C,3H^OQ  +  BaO,HO, 

When  dry  starch  is  heated  in  an  oven  it  becomes  brown  nd 
soluble  in  cold  water.  It  then  forms  British  gum^  which  cor- 
responds in  properties  with  dextrin, 

J}iasiase, — This  is  a  remarkable  substance  observed  by  Pkyen 
and  Persoz  in  grains  and  seeds,  but  only  after  germinatian,  aiwl 
in  the  tubers  of  the  potato  near  the  places  from  which  the 
shoots  proceed*  The  production  of  diastase  is  the  priodpil 
object  of  the  malting  of  grain  or  permitting  it  to  germinate,  aiid 
has  an  important  influence  upon  the  changes  which  occur  in 
the  starch  of  grain  in  brewing.  Diastase  is  prepared  by  moisten* 
ing  freshly  germinated  barley  witli  half  its  weight  of  cold  inOCTi 
and  Buhmitting  it  to  pressure^  by  which  a  viscid  liquid  is 
obtained.  This  liquid  is  filtered  and  then  heated  to  l^^f 
which  causes  the  greater  part  of  an  azotised  or  albaminooi 
matter  existing  in  the  liquid  to  be  coagulated  and  separated. 
The  liquid  after  filtration  is  mixed  with  a  sufficient  quanCttj 
of  alcohol  to  precipitate  tlie  diastase  and  retain  in  solution  th& 
colouring  matter,  sugar  and  foreign  azotised  matter  pi^mt^ 
The  precipitated  diastase  is  washed  with  alcohol^  dissolved 
in  water  and  thrown  down  by  alcohol  two  ae?enil 
for  the  purpose  of  purifying  it  (An.  de  Chi.  &c.,  liii,  7^ 
When  dried  it  is  a  white  solid  amorphous  substance,  solnl 
in  water,  but  insipid,  and  not  precipitated  by  subacetati^  iif 
lead.  It  contains  nitrogen,  and  has  some  analogy  to  gkiMt 
but  has  not  been  obtained  in  a  state  of  sufficient  parity  fo 

produced  which  follow  a  certain  order,  if  the  plane  of  polirtMtiOQ  k  Ivraol  lltm 
left  to  right  U  is  by  the  order  of  these  colours,  iKaI  a  hqmA  Is  i«!4  to  pekflm 
light  to  the  right  or  to  the  left.  The  lolution  of  stjirch  po)«riie«  la  tiie  ri^l  mi 
that  of  dextrin  considerably  more  »o  in  the  aamc  direction.  Wliil*  •  fotonB 
of  cane  augur  producer  the  incccsiioo  of  coloura  in  an  iarene  order,  iad  !■  mH 
Itetrefore  to  polartae  to  tJie  left.  The  progrets  of  chemical  cbaagn  nay  *• 
oft^  be  obvei  v«d  in  a  solntiOD  of  Btarch,  th«  jaJeet  of  I'ljinta  and  otber  1 
fiuida. 
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analysis.  Malted  barley  contains  not  more  than  1 — 500th  of 
its  weight  of  diastase,  llie  solution  of  diastase  has  no  action 
vpon  many  vegetable  principles,  such  as  sugar,  gum,  albumen 
and  gluten,  but  has  a  specific  action  upon  starch,  converting 
a  sohilion  of  that  substance  first  into  dextrin,  and  afterwards 
into  the  sugar  of  starch,  and  such  is  its  energy  that  1  part  of 
I  will  convert  2000  parts  of  starch  into  sugar.  Diastase 
upon  gelatinous  starch  even  at  32^,  but  most  powerfully 
between  140^  and  I5(fi.  It  has  the  remarkable  property  of 
■qparating  the  envelope  from  the  grains  of  starch.* 

In  the  ordinary  process  of  brewing,  the  mashing  or  infusing 
of  the  malt  should  be  begun  at  168^  or  170^9  the  temperature 
at  which  the  diastase  acts  more  advantageously,  by  which  the 
atarch  of  the  grain  is  converted  into  sweet  worts.  The  tem- 
paratnre  may  be  afterwards  raised  by  adding  water  at  185^  or 
105^  to  the  mash  tun ;  the  saccharisation  is  generally  completed 
in  an  hour  and  a  half  at  the  utmost,  and  the  sweet  worts  are 
tihen  run  into  a  copper  to  be  boiled  and  hopped,  (Black  on 
Biewing).  The  sugar  of  the  cooled  worts  is  afterwards  fer- 
mented by  the  action  of  another  principle  yeast  and  converted 
into  carbonic  acid  and  alcohol,  as  will  afterwards  appear.  The 
diaataae  of  1  part  of  malt  is  often  made  to  succharise  the  starch 
of  10  or  12  parts  of  unmalted  grain,  when  the  sweet  wort  is 
to  be  fermented  and  distilled  for  spirits. 

GhUen* — ^This  substance  remains  when  the  starch  of  wheat 
floor  has  been  separated  by  pressing  the  dough  in  water  till 
the  washings  are  no  longer  milky,  as  a  grey  viscid  adhesive  and 
dastic  substance.  It  is  insoluble  in  water,  but  is  dissolved  by 
alWlioa  and  also  by  acetic  acid.  It  contains  nitrogen,  and  when 
left  humid  in  air,  has  a  tendency  to  putrify ;  when  completely 
dry  it  is  hard  and  brittle,  with  some  resemblance  to  glue.  Gluten 
fimns  from  19  to  24  percent  of  good  wheaten  flour.  According 
to  Davy  the  wheat  grown  in  the  south  of  Europe  is  richer  in 
g^ten  dian  that  of  colder  climates ;  it  is  peculiarly  suitable  on 
that  account  for  the  manufacture  of  macaroni,  vermicelli  and  simi- 
lar pastes,  which  are  made  by  a  kind  of  wire  drawing.  Gluten  is 
one  of  the  most  nutritive  of  vegetable  substances ;   when  se- 

•  The  name  diastiiBe  was  applied  to  it  from  ?iKTriy/u,  I  separate,  ia  reference  to 
ito  pioperty  of  separatiDg  two  sopposed  consUtuents  of  starch. 
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parated    however  from    starch    and   pare,   gluten  is   somly 

digestible. 

It  is  to  the  presence  of  gluten  that  wheat  floor  owa 
its  property  of  forming  a  tenacious  paste  with  water,  tad  ita> 
a  light  spongy  bread.  In  baking  leavened  or  loaf  bfcad,  ''* 
dough  is  mixed  with  a  quantity  of  yeast,  or  in  its  aboenoe  witfc 
a  portion  of  sour  dough  called  leaven,  and  set  aside  in  a  wara 
place,  which  occasions  the  saccharine  matter  of  the  flour  1i 
undergo  the  vinous  fermentation,  Tlie  carbonic  acid  gas  ibai 
evolved  expands  the  gluten  into  vesicles  and  catises  the  rim$ 
the  dough,  which  then  forms  alight  loaf  when  heated  in  the  oven. 

Gluten  is  not  a  pure  principle ;  when  digested  in  hot 
alcohol  till  every  thing  soluble  is  taken  up,  it  leaves  a  hulk? 
substance  of  a  greyish  colour  which  has  been  called  vegetuhk 
albumen.  The  latter  is  soluble  in  water^  but  when  the  soltttio|^H 
is  heated  the  albumen  coagulates  and  becomes  insoluble ;  it  |^| 
also  coagulated  by  the  stronger  acids.  The  true  gluten,  obtaiiMl 
by  evaporating  the  alcoholic  solution,  retains  its  adhesive  pro- 
perty and  is  soluble  both  in  acids  and  alkalies.  It  is  mil 
precipitated  from  a  solution  m  acetic  acid  by  the  acetate  d 
lead  or  persulphate  of  iron,  but  abundantly  by  the  cWorideaf 
mercury  and  infusion  of  gallnuts. 

Inulin, — This  variety  of  starch  was  discovered  by  V.  Roae  it 
the  root  of  the  Inula  Helenium,  to  which  it  owes  its  name.  It 
is  also  found  in  various  other  roots,  and  in  some  lichens.  It  is 
conveniently  obtained  from  the  roots  of  the  dahlia.  The  l«tttf 
are  rasped,  washed  with  cold  water  and  expressed,  then  boflaJ 
with  water,  and  the  hot  solution  61tered  through  linen.  TWi 
solution  may  be  clarified  by  white  of  egg,  if  muddy,  evapaii^ 
till  a  pellicle  forms  on  its  surface,  and  then  allowed  to  coid;  <!• 
inulin  is  deposited  in  a  pulvemlent  form.  It  is  collected  on  t 
filter  and  washed  well  with  cold  water.  Inulin  is  a  very  to 
white  tasteless  powder,  of  density  1*336\  very  soluble  in  txili^ 
water,  but  not  gelatinizing,  and  requiring  50  parts  of  cold  nHf 
to  dissolve  it.  Iodine  makes  it  yellow,  and  insoluble  in  tfM 
water.  It  is  insoluble  in  cold  alcohol,  soluble  in  adds,  wiiA 
change  it  with  the  aid  of  ebullition  into  sugar,  and  more  nsafif 
than  ordinary  starch.  It  is  converted  by  nitric  acid  into  inifc 
and  oxalic  acids,  without  a  trace  of  roucic  acid.     It  was  found 
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by  Mr.  E,  A*  PariiclL,  when  dried  at  212%  to  consist  of 
Cj4  Hj,  O^i*  Two  compounds  which  it  forms  with  oxide  of 
lead  are  thus  constituted,  C^  H^,  O-j,  -f  SPbO,  and  C^  Iljg  O^g 
+  3PbO.* 

Lichen  stareh^-^eversl  species  of  lichens^  particularly  the 
Cetraria  Islandica  (Iceland  moss),  contain  a  variety  of  starch, 
dosely  resembling  common  starch.  It  gives  a  white  and  opaque 
jelly.  It  is  feebly  coloured  by  iodine,  the  tint  produced  being 
between  brown  and  green.  This  starcli  contains,  according  to 
tbe  analysis  of  Guerin-Vary,  C,q  H  ,i  O^^,  but  this  result  re- 
quires confirmation. 

SUGARS. 

Several  substances  are  known  as  sugars  w^hich  agree  in  having 
I  sweet  taste,  but  differ  in  other  respects.  Those  which  un- 
dergo a  peculiar  decomposition  and  are  converted  into  carbonic 
md  and  alcohol,  when  tlieir  solution  is  mixed  with  yeast,  are 
fermentable  sugars,  and  form  the  most  important  class ;  they 
im  Cane  sugar,  Grape  and  Starch  sugar,  which  appear  to  be 
identical,  Milk  sugar,  Mushroom  sugar,  and  the  insipid  sugar 
of  Thenard,  of  which  the  two  first- mentioned  varieties  are  the 
most  abundant  and  best  understood* 

CANE  SUGAR,  OR  ORDINARY  SUGAR, 

Its  formula  in  the  crystallised  state  is  C^^  Hn  O^  ;  in  com- 
bination with  oxide  of  lead,  C^g  Hy  Og-f2PbO  (Peligot), 

Loaf  sugar,  sugar-candy,  or  the  purest  granular  muscovado 
may  be  taken  to  represent  this  species.  It  exists  in  many 
plants,  but  is  derived  in  large  quantity  only  from  the  juice  of 
tbe  sugar-cane,  from  beet-root  and  the  maple-tree.  These 
jnsoea  are  rapidly  evaporated  m-ith  a  small  addition  of  lime,  to 
neutimlise  free  acid,  being  sometimes  clarified  first  by  albumen, 
ud  afford  on  cooling  a  brown  granular  sugar,  from  which  a 
durk  coloured  syrup,  molasses,  separates.  The  latter  contains 
m  portion  of  crystallixaljle  sugar,  which  may  be  separated  from 
it  by  evaporation,  and  leaves  treacle,  which  differs  in  taste  from 
Grystallizable  sugar,  and  is  certainly  a  distinct  species  of  sugar, 
altliough   highly  impure.    To  refine  sugar,  it  is  dissolved  in 


I 


748 


SACCHARINE  SUBSTANCES, 


water,  and  the  solution  generally  filtered  hot  through  a  bed  of 
animal  charcoal  in  grains  like  gunpowder,  and  about  two  toil 
in  thickness.  The  colourless  syrup  thus  obtained  is  eTaporatad 
in  vacuo,  about  ISC^,  in  close  pans  heated  by  steam,  from 
which  the  vapour  is  constantly  withdrawn  by  an  air-ptiiD|i. 
When  sufficiently  concentrated,  the  syrup  is  run  into  m  ooohTi 
and  agitated  by  an  oar  to  promote  its  granulaldoD. 

It  is  then  transferred  into  moulds^  which  are  inverted  comst 
having  an  aperture  in  the  apex,  and  kept  in  a  warm  place,  wiiflc 
the  dark  coloured  and  uncrystallizable  syrup  drsuns  off  j  a  atraog 
syrup  of  pure  sugar  being  poured  on  the  upper  surface  to  ptf* 
colate  downwards  and  remove  the  last  portions  of  the  former. 
Instead  of  the  pure  syrup,  moist  pipe-clay  was  formerly  placed 
on  the  surface  of  the  sugar  for  the  same  purpose,  and  is  itiD 
employed  in  clayed  sugars.  The  loaf  sugar  from  theae  moiiUf 
is  a  white  compact  mass,  composed  of  small  crystals*  A  smog 
solution  of  it,  evaporated  slowly,  affords  large  transparent  and 
colourless  crystals  of  sugar*candy,  of  which  the  form  is  •» 
oblique  prism  of  a  square  base,  or  a  six-sided  prism  with  dlbednJ 
summits.    The  density  of  pure  sugar  is  1.562S)  (Tliomson). 

Loaf  sugar  diffuses  a  phosphoresceut  Ught  when  broken  in  tix 
dark.  It  is  unalterable  in  dry  air,  and  luses  nothing  but  a  Uioe 
of  hygroscopic  water  when  heated.  It  fuses  at  356**  (1 80^  oeot.) 
and  forms  a  thick  tenacious  liquid,  which  becomes  a  transparefli 
vitreous  mass  on  cooling  (barley- sugar)*  The  latter  duuigv 
after  a  time,  and  rapidly  when  damp,  into  an  opaque  nai^ 
which  exhibits  when  broken,  the  crystalline  facets  of  ordinarf 
sugar*  Sugar  is  soluble  in  one  third  of  its  weight  of  cold,  and 
in  all  proportions  of  boiling  water.  Its  power  to  cryslaliiit 
is  destroyed  by  keeping  its  solution  for  some  time  boiling,  lod 
also  by  the  addition  of  /oth  of  its  weight  of  oxalic,  cstrk^  if 
maUc  acid,  which  instantly  render  a  viscid  and  boiling  wpVf^ 
very  fluid*  Sugar  dissolves  in  80  parts  of  absolute  ako^^^^  ** 
tlie  boiling  temperature,  very  slightly  in  tlie  same  cl 
4  parts  of  alcohol  of  density  0*830,  and  is  wholly  insoluhic  ift 
ether,  which  precipitates  sugar  from  its  solutions.  Sugar  ii 
nutritive  when  accompanied  with  other  aliments,  but  ta  taca* 
pable  alone  of  supporting  life  for  any  length  of  time,  in  oomiiM 
with  all  organic  principles  destitute  of  nitrogen.  A  solution  d 
sugar  placed  in  contact  with  the  stomach  of  the  calf  (rennelK 
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IB  cbanged  entirely  into  lactic  acid,  according  to  the  observations 
of  IVemj. 

A  aolntbn  of  cane  sugar  is  fermented  by  yeast,  but  not  so 
vaadily  as  grape  sugar ;  indeed  the  first  action  of  the  yeast  is  to 
€BotTeit  cane  sugar  into  grape  sugar,  which  appears  to  be  the 
only  species  of  sugar  that  is  directly  fermentable  (H.  Rose) ; 
dilated  sulphuric  acid  with  heat,  and  tartaric  acid  likewise  effect 
1km  ktter  transformation  of  cane  sugar.  The  first  action  of 
I  potash  in  excess  upon  cane  sugar,  at  the  boiling  tempe- 
is  similar.  A  strong  syrup  mixed  with  undiluted  oil  of 
becomes  hot,  swells  up,  much  charcoal  is  formed,  and 
Imrous  and  formic  acids  disengaged.  Sugar  is  also  decom- 
\  by  hydrochloric  add,  with  the  aid  of  heat,  and  charcoal 
Nitric  acid  converts  it  into  saccharic,  oxalic  and 
liilKmic  acids,  100  parts  of  sugar  yielding  67  parts  of  oxalic 
f  according  to  Thenard.  Dry  chlorine  has  no  action  on  dry 
r^  but  syrup  absorbs  chlorine  slowly,  and  the  sugar  is  con* 
i^  with  disengagement  of  carbonic  acid,  into  a  brown  matter, 
retains  some  hydrochloric  acid.  Sugar  dissolves  car- 
I  of  copper  and  verdigris,  forming  green  solutions,  which 
mt  not  precipitated  by  alkalies ;  the  salts,  both  of  copper .  and 
fimiidf  of  iron,  cease  to  be  precipitated  by  alkalies  when  sugar 
iv  added  to  them.  Sugar  also  dissolves  lime,  barytes  and  oxide 
in  large  quantities,  and  forms  definite  compounds  with 
bases,  although  in  no  respect  an  acid.  Sugar  is  generally 
as  containing  two  atoms  of  water  of  crystallization,  which 
;  be  expelled  by  heat,  without  destroying  the  sugar,  but 
4m  or  both  of  which  are  separated  in  these  compounds  and 
ii|iLin.i1  by  a  metallic  oxide. 

y-  fkm^fwaid  of  9ugar  and  Ume;  C,,  H^Og  +  CaO,  HO  (Peli- 
gBt).  When  a  solution  of  sugar  is  digested  by  a  moderate  heat 
'  yriA  hydrate  of  lime,  a  bitter  alkaline  solution  is  obtained,  in 
liiiidi  100  parts  of  sugar  are  united  with  56  of  lime.  The  com- 
18  less  soluble  at  a  high  temperature,  and  the  solution, 
boiled,  becomes  a  thick  gelatinous  mass,  firom  which  the 
separates  as  a  precipitate,  and  may  be  obtained  pure 
hf  waahing  with  boiling  water,  in  which  it  is  insoluble,  or  by 
piecipitation  with  alcohol,  which  retains  any  excess  of  sugar* 
The  solution  of  this  compound  absorbs  carbonic  acid  rapidly 
firom  the  air,  and  acute  rhombohedral  crystals  of  hydrated  car- 
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The  compound  of  j 


ami  i 


bonate  of  lime  form  in 
is  similar,  according  to  Peligot^s  analysis^  as  caireded  by 
Liebigjor  C13  H^  O^H-BaO,  HO.  The  compound  of  s^^^r  mi 
oiritte  of  leady  C^^  H^  C,^-hPbO,  is  prepared  by  diasoltiii; 
oxide  of  lead  in  a  boiling  solution  of  sugar;  it  falls  as  a  whiw 
precipitate,  which  is  had  perfectly  pure  by  washing  it  with 
boiling  water,  which  does  not  dissolve  it,  and  drying;  t  »• 
luble  compound  of  sugar  and  oxide  of  lead  is  retained  in  lh« 
liquor  which  gives  the  precipitate*  A  crystalline  compound  of 
gugar  and  cMorUie  of  aodium  is  formed  on  allowing  a  solution  of 

1  part  of  common  salt  and  4  parts  of  sugar  to  evaporate  spon- 
taneously in  air,  the  solution  being  decanted  several  times  from 
the  crystals  of  sugar-candy,,  which  are  first  deposited.  TIk 
crystals  of  the  compound  in  question  have  a  taste  at  once  sweet 
and  saline,  and  run  into  a  liquid  in  humid  air ;  their  formub  ti 

2  C12  Hg  Og  +  Na  CI,  3IIO:*  It  is  probable  from  the  compoii- 
tion  of  this  salt,  that  the  usual  equivalent  of  sugar  shotdd  be 
multiplied  by  two,  if  not  by  a  higher  number. 

Caramel  J  C^^  Hg  Op,  At  a  temperature  a  little  above  its  poial 
of  fusion  356**(l8tf*  cent.),  sugar  becomes  brown,  and  st  A\(f<x 
428°  (210**  or  220^  cent.)  swells  up  and  becomes  a  black  pcir0ii 
shining  mass,  which  is  known  as  caramel,  losing  notbing  bst 
two  atoms  of  water.  It  is  obtained  free  from  sugar,  saJ 
the  bitter  products  which  accompany  the  caramel  of  the  shop^ 
by  solution  of  the  black  mass  in  a  small  quantity  of  water,  wk 
precipitation  of  the  caramel  by  alcohol,  which  retains  tbci 
rities  in  solution.  Caramel  is  a  black  or  very  dark 
powder,  neutral  and  insipid,  soluble  in  water,  to  whicfa  it  gif^ 
a  fine  colour  of  sepia,  and  not  fermentable*  It  has  tfac  sise 
composition  as  sugar  in  the  compound  of  sugar  and  kid, 
Cj3  Hj^  O9  (Peligot) ;  it  precipitates  salts  of  barytes  and  fiasieialli 
of  lead.  Grape  sugar  furnishes  the  same  product  by  heat*  Ati 
higher  temperature,  caramel  loses  more  water,  and  forms  la  ia* 
soluble  matter ;  when  still  more  strongly  heated  it  afibrds  oooibo^ 
tible  gases,  and  leaves  a  bulky  charcoal,  difficult  of  tndnenlida 

MetacetonCj  Cg  H^  O  (Fremy),  a  combustible  liquid,  obtuori 
miiced  with  acetone,  by  distilling  a  mixture  of  1  part  of  waff^ 

•  Pctigoi  y  Recberche*  sur  la  ntture  et  lei  propri^tis  cbiiau[u«  te  ■■'■■^ 
An,  de  Cb.  Ac,  t.  67,  p.  113  ;  ct  ^nr  In  cowposUion  du  saccbAnte  At  jdonk  ^ 
t  73,  p.  103. 
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witb  8  parts  of  well  pulverised  quick-lime.  The  metaoetone  is 
iascdabie  in  water^  by  means  of  which  it  may  be  freed  from 
aeetone.  It  is  a  colourless  liquid^  of  an  agreeable  odour,  boiling 
about  183.2®  (84^  cent.),  and  miscible  with  alcohol  and  ether. 
It  may  be  viewed  as  acetone,  minus  one  atom  of  water,  Cg  H^O^ 
•— HO=Cg  H5  O.  One  atom  of  anhydrous  sugar  contains 
tiie  elements  of: 

I  atom  of  acetone. 
1  atom  of  metacetone 
3  atoms  of  carbonic  acid. 
1  atom  of  water. 


Saccharic  acid,  C^^  H^  0,i  +5HO=Cia  U^^  0,^  (ThauJow). 
T^biB  acid  was  designated  oxalhydric  acid  by  Guerin-Varry ;  it  is 
a  ptoduct  of  the  action  of  dilute  nitric  acid  on  either  cane  or 
,  guifie  sugar.  It  is  procured  by  dissolving  1  part  of  sugar  or  of 
I  gamin  2  parts  of  nitric  acid  diluted  with  10  of  water,  and  heat- 
\  |W  *^  ^^"S  ^^  chemical  action  is  manifested.  The  acid  liquid  is 
I  4ffeik  neutralised  with  carbonate  of  lime,  and  the  neutral  acetate 
i  idTlead  added  to  it.  The  saccharate  of  lead  which  falls  is  decom- 
\  yosed  by  sulphuretted  hydrogen,  and  the  free  acid  half  neutra^ 
j  Ijaed  by  carbonate  of  potash,  and  crystallized  as  the  acid  sao- 
^  ^harate  of  potash.  The  last  salt  is  decolorized  by  charcoal, 
\  .converted  again  into  a  salt  of  lead,  and  the  acid  liberated  by 
J  jol^aretted  hydrogen.  Saccharic  acid  when  concentrated  is 
■  jygupy>  colourless,  sharply  acid,  and  deposits  colourless  crystals, 
I  jiftar  long  repose.  It  is  soluble  in  alcohol  in  all  proportions,  and 
\  ^#^^^^7  ^  ether.  It  does  not  precipitate  salts  of  barytes  or  lime, 
\    ^Mi  produces   white  flocculent  precipitates  in  barytes-water 

i*\  nd  Ume-water^  wliich  are  soluble  in  an  excess  of  acid. 
This  acid  is  remarkable  for  the  variety  of  compounds  it  forms 
^  'mtih  bases.  It  is  supposed  to  be  pentabasic,  and  to  form  5 
ipsriea  of  salts,  according  as  1  atom,  2,  3,  4,  or  the  whole 
5  atoms  of  water  are  replaced  by  metallic  oxides ;  but  it  is  pos- 
riUy  only  tribasic,  although  capable  of  forming  a  subsalt  with 
oodde  of  lead.    Of  the  following  salts,  the  composition  is  known 
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Hydrated  saccharic  acid  •         *     CjgHjOii-f 

Acid  saccharate  of  potash         .         .     Ci gHjOi  i  +  ^ i n 

Saccharate  of  ammonia   .         *         •     ^laHjO,^  r  ^^^ 

First  saccharate  of  lead  .        •    Cj^H^On  - 


Saccharate  of  zinc  .         •         •         .     C,,H^Oj,  Hr^^Q%^ 

Second  saccharate  of  lead        .        .    CjgU^Oj,  -f  ^ho  J 
Third  saccharate  of  lead  •        .    Ci^H^O,!  •f-5Ph 

It  is  remarkable  that  hydrated  saccharic  acid  caotaiiia 
elements  of  2  atoms  of  mucicacid;  Ci^H^oOj^^sS  (CeUj,(J 

a  substance  produced  by  tlte  same  mode  of  oxidatton  oC. 
sugar.* 

GRATE  SUGAR. 

Syn.  Starch  sugar^  diabetic  sugar,  the  sufjar  offrml$^ 
(Dumas).  The  formula  of  crystallised  grape  sugar  is  C,^ 
but  at  i?12'' it  fuses  and  loses  2  atoms  of  water.  Thii^ 
sweet  principle  of  raisins,  figs,  and  of  most  acid  fruits  ; 
also  in  honey,  and  is  the  sugar  of  diabetic  urine,  Tt  is  i 
product  of  the  decomposition  or  transformation  of  sc 
substances,  as  of  cane  sugar,  starch,  lignin  and  milk  su^  . 
treated  with  dilute  acids.  Grape  sugar  is  not  so  soluble 
water  as  cane  sagar,  and  about  24  times  less  sweet. 

It  is  obtained  from  the  grape,  by  neutralising  the  expressi 
with  chalk,  clarifying  with  white  of  egg,  evaporating  and 
aside  to  crystallize.    Prom  the  urine  of  diabetes,  by  evaj 
the  latter  to  dryness  in  a  water-bath,  washing  tlie  dark  • 
line  mass  on  a  filter  with  cold  alcohol^  and  submitting  tb 
residue,  dissolved  in  water,  to  repeated  crystallization.^*    ii^^ 
this  sugar  is  most  largely  prepared  from  starch,  and  intlfcd 
forms  a  considerable  article  of  commerce.      One  |>a: 
starch  is  boiled  \^ith  from  l-lOOth  to  1-lOth  of  * 
sulphuric  acid  and  four  parts  of  water,  for  tlnn^ 
hours,  the  water  being  replaced  as  it  evaporates.     Tlie  soltttwo 

•  Tlnaiow,  sur  FAcidc  Saccharique,  An.  de  Chimie,  itc.  Uu^  St* 
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ceases  to  be  gelatinous,  and  passes  first  into  dextrin  and  then 
into  svgar*  Under  some  pressure,  and  at  a  higher  temperature, 
the  change  is  effected  more  quickly  and  by  means  of  a  less 
quantity  of  acid.  A  small  quantity  of  oxalic  acid  irii,  may  be 
substituted  i;iath  advantage  in  this  process  instead  of  the 
salphurtc  acid.  The  acid  is  afterwards  neutralised  with  chalk, 
the  solution  filtered  from  the  insoluble  salt  of  lime,  and  evapo- 
rated to  a  syrup,  which  solidiies  as  a  crystalline  sugar.  Starch 
ii  also  converted  into  sugar  by  means  of  diastase*  Eight 
parts  of  ground  malt  are  infused  at  158*'  (70^  centigrade)  in  400 
parts  of  water,  and  then  mixed  with  100  parts  of  starch,  which 
soon  dissolvesj  and  by  continued  digestion  at  the  same  tempe- 
rature is  entirely  changed  into  sugar.  By  calculation,  ITO  parts 
of  fectila,  combining  with  the  elements  of  four  atoms  of  water, 
tbould  produce  122.03  parts  of  crystalliKed  grape  sugar;  De 
Saussure  obtained  1 10  parts,  and  Brunner  from  104  to  106 
parts.  In  the  transformation  of  starch  into  sugar,  a  variable 
quality  of  mannite  is  always  formed  at  the  same  time,  according 
to  the  observations  of  Fremy. 

To  prepare  grape  sugar  from  lignin  or  woody  fibre,  12  parts 
of  wood  shavings  or  shreds  of  paper  are  gradually  mixed  with 
b  parts  of  oil  of  vitriol  diluted  with  1  part  of  water,  care  being 
taken  to  avoid  any  rise  of  temperature ;  after  twenty-four  hours' 
digeation,  the  pitchy  mass  is  dissolved  in  much  water,  and 
boUed  for  ten  hours,  and  the  acid  afterwards  separated  as  in  the 
former  process  for  sugar  from  starch. 

Grape  sugar  does  not  crystallize  so  distinctly  as  cane  sugar, 
but  is  obtained  from  its  alcohohc  solution  in  square  tables  or 
cubes^  which  are  hard  and  transparent.  It  is  soluble  in  1 4  parts 
of  cold  water,  and  in  all  proportions  of  hot  water.  It  dissolves 
le»  rapidly  than  cane  sugar,  and  gives  a  more  fluid  syrup.  In 
aloobol,  at  a  low  temperature,  it  is  very  sparingly  soluble,  but 
at  77**  (25**  cent.)  it  is  soluble  in  8  parts  of  alcohol  of  B5  per 
cent  and  in  20  parts  of  absolute  alcohol.  It  fuses  with  loss  of 
water  at  2 12^  and  is  converted  into  caramel  when  not  heated 
abarc  2B4**  (140*^  cent.). 

The  chemical  action  of  acids  and  alkalies  upon  grape  and  cane 
aagarm  are  essentially  different.  Grape  sugar  dissolves  in  con- 
eentrated  sulphuric  acid,  colouring  it  slightly  yellow  or  brown, 
and  forms  a  compound  with  it,  the  sulphosaccharic  acid,  wliile 
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cane  sugar  is  carbonised  in  the  same  drCTiUMiinriPW*  On  Ibt 
other  hand,  alkalies  which  do  not  alter  the  colour  of  oane  wttga^ 
even  at  the  boiling  point,  provided  they  are  dilute,  cooveri  giipr 
sugar,  with  heati  into  a  brown  or  brownish  black  subatanee.  The 
compounds  of  grape  sugar  with  barjtes,  lime  and  oxide  of  \ad 
are  formed  with  difficulty,  while  a  crystalline  Gompaand  irkb 
chloride  of  sodium  is  easily  prepared. 

Compouwb  of  grape  smgar^ — According  to  the  recent  aiuljMi 
of  Erdmann  and  Lehman^  the  compound  of  g^i^p^  m§m  0d 
chloride  of  sodium  contains  2  atoms  of  water,  wbidi  it  loacsit 
212^.  Its  formula  in  the  crystallized  state  is  2(C,,H|^0,^4 
NaCl,2HO.  This  compound  loses  3  atoms  of  water  al  S2(f 
{I6(f  cent.),  according  to  PeUgot,  but  then  its  sugar  is  moda^ 
The  compound  of  jrape  sugar  and  o^eide  of  kad^  pfaei|MMi' 
on  mixing  the  sugar  with  acetate  of  lead  containing  amaicwis 
(page  594),  consists,  according  to  the  analysis  of  Peiigott » 
corrected  by  Liebig,  of  C,,H,^0|,H-3PbO,  or  in  iulbnBitii» 
3  atoms  of  ^^ter  are  replaced  by  3  atoms  of  oxide  of  lead.  TW 
solutions  of  lime  and  barytes  in  grape  a;ugar  bea>me  bniim, 
when  heated. 

Sidfihosacchnric  acid  was  formed  by  Peligot,  by  fusing  1  put 
of  crystallised  starch  sugar  by  the  heat  of  a  water-batli,  aiHl 
then  mixing  the  mass  in  small  portions  with  ooncentiated  m^ 
phuric  acid*  The  compound  is  then  dissolved  in  water,  u4 
saturated  with  carbonate  of  barytes,  which  precipitates  siilpiivot 
acid,  while  the  sulphosaccharafce  of  barytes  remains  in  sobitiaa 
The  acid  liberated  from  combination  is  a  sweet  liquid,  CecUf 
acidj  which  forms  soluble  salts  with,  almost  all  basea.  Tfct 
solution  of  sulphosaccharic  acid  is  easily  decompoaed  by  cnpo^ 
ration,  and  resolved  into  sugar  and  sulphuric  add,  wbidi  dip 
precipitates  barytes*  Its  composition  has  not  been  detcmuoBi 
with  certainty. 

Sacchulrmne  is  a  substance  obtained  in  brown,  briUsaiilt  eiyi^ 
talUne  plates,  by  boiling  cane  sugar  for  a  very  long  time  in  vcft 
dilute  sulphunc,  hydrochloric  or  nitric  acid;  it  is  insoluhla is 
ammonia.  Sacehulmic  acid,  of  which  the  formula  ia  C^HgiOiy 
according  to  Malaguti,  is  formed  at  the  same  time,  and  msaj 
may  be  separated  by  ammonia,  in  which  it  is  solnb^  (nm 
aacchulmine. 

Ghndc  add  is  formed  when  a  saturated  salutiofi  of  lints  a 
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borytes,  in  grape  stigar,  in  left  to  itself  for  fiotnc  weeks  (P^ligot). 
The  probable  formala  of  anhydrous  glucic  acid  is  C34H15O159  or 
ft  in  formed  from  grape  sugar  by  the  loss  of  the  elements  of 
irrfter.  Mebusic  acid  is  produced  by  the  simultaneous  action 
itf'ialkBlies  and  heat  upon  grape  sugar.  With  the  concurrence 
dTair  and  a  high  temperature,  alkalies  convert  sugar  into  formic 
and  sacchulmic  adds. 

SUGAR  OF  MILK  OR  LACTINE. 

Its  formula,  in  the  crystaUized  state,  is  C^H240^9  or 
Cg(Hi90,g+5HO;  by  a  heat  of  246<>  (12(/>  cent.)  it  loses  2 
,  ilom^andby  802<^  (ISO*'  cent.)  5  atoms  of  water  (Benelins). 
i  Bngar  of  milk  is  obtained  by  evaporating  the  whey  of  milk  to 
t  Cijstallisation,  and  purifying  the  first  product  by  animal  charcoal 
[  and  a  lecond  crystallization.  It  forms  white  quadrangular  prisms, 
p  tanninmted  by  four-sided  pyramids,  which  are  semi-transparent, 
l  and  have  the  density  1.543.  They  are  soluble  in  5  or  6  parts 
I  ff  oold  water,  and  in  2i  parts  of  boiling  water,  without  forming 
i-  a  ayrap.  The  sweet  taste  of  the  crystals  is  very  feeble  when 
jt  Ibay  are  applied  directly  to  the  tongue,  but  that  of  their  solu- 
I  ttm  ia  much  more  distinct.  Sugar  of  milk  is  unalterable  in 
1^.  air,  loses  nothing  at  212^,  and  is  insoluble  in  alcohol  and  ether. 
1^  Ka  solution  dissolves  hydrate  of  lime,  and  is  converted  by 
i  ffihite  mineral  adds  into  grape  sugar,  assuming  then  the 
^;  alements  of  2  atoms  of  water.  When  milk  is  exposed  to  a 
;  tanperature  of  95^  to  104^  (S5^  to  40^  cent.),  it  undergoes  the 
^  nnoQS  fermentation,  and  is  found  afterwards  to  contain  alcohol, 
vinle  its  sugar  disappears,  but  the  latter  is  converted  first  into 
I  i^npa  sugar,  probably  under  the  influence  of  the  free  acid  which 
\  Is 'formed  and  curdles  the  milk.  Milk  sugar  forms  two  com- 
'  poonds  with  oxide  of  lead,  of  which  the  formulas  are  CQ4H|90|g 
1     4^5PbO,  and  C^^HigO,,  +  lOPbO  (BerzeUus). 

:  Much  acidj  Ci3HgOi4+2HO  (BerzeUus,  Malaguti),  is  pro- 
^  daeed  by  the  action  of  4  parts  of  nitric  add,  of  density  1.42, 
dOnted  with  1  part  of  water,  aided  by  heat,  on  I  part  of  sugar 
of  milk;  a  portion  of  the  latter  always  passing  at  the  same  time 
fioto  oxalic  add.  It  is  also  formed  by  the  action  of  nitric  add 
on  gum.  Mucic  acid  is  deposited  on  cooling,  as  a  white  crys- 
talline powder,  of  which  the  taste   is  feebly  add,  soluble  in 
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6  parts  of  boiling  water,  and  insoluble  in  alcohol.    It  is  a  bil 
acid,  of  which  the  salts  of  an  alkaline  base  are  soluble  in  watSi 
and  those  which  contain  an  alkaline  earth,  or  the  oxide  oft 
metal  proper,  are  insoluble.     Mucic  eiherfiC^H^O-^C^^^nO^^^ 
is  solid  and  crystallizes  in  quadrilateral  colourless  prisms.   Met' 
Jied  mticic  acid  is  produced  by  boiling  a  concentrated  solatian  of 
mucic  acid,  or  evaporating  it  by  heat.     Its  acid  powers  tit 
more  distinct  than  those  of  mucic  acid,  and  it  is  also  distia- 
guishable  from  the  latter  by  the  physical  properties  of  its  salci. 
The  modified  acid  is  either  isomeric  with  mucic  acid,  or  con- 
tains the  elements  of  an  atom  of  water  in  addition  (&f alaguxi)* 
Pyromucic  acidy  CjtjHgOg+liO,  is  produced  in  the  dry  diitilli- 
tion  of  mucic  acid,  by  the  separation  of  G  atoms   of  wateft  and 
2  atoms  of  carbonic  acid  \ 

CiaHsOi^-f  2HO=CjoH305  and  6HO  and  2COa- 

It  forms  elongated,  white  and  brilliant  plates,  which  fiw^  ^ 
2f^6^  (130^  cent.),  and  volatilise  without  residue  at  a  t 
rature  a  little  higher.  It  is  soluble  in  26  parts  of  cold  autJ  »j  < 
parts  of  boiling  water,  dissolves  easily  in  alcohol,  and  i^  t^ 
altered  by  nitric  acid.  It  forms  a  class  of  monobasic  wltt^ 
including  pj/romucic  ether  C^IIgO-hCjf^HgO^,  which  is  solii 
Pyromucic  ether  absorbs  4  atoms  of  chlorine  gas  and  beconw* 
liquid,  without  the  liberation  of  any  hydrochloric  acid,  f 
a  compound,  which  Malaguti  names  chloropyrofHucic  ^,: 
Cj^HyC1^0|5,  tut  of  which  the  true  constitution  is  uncertaia. 


MUSHROOM  SUGAR. 

This  sugar,  of  which  the  formula  is  Cj^HjgOjj,  acrordifljli* 
an  analysis  by  MM.  Licbig  and  Pelouze,  was  obtained  bjr  H 
Wiggers  by  treating  the  tincture  of  the  ergot  of  rye  by  iniB^» 
It  crystaUiEcs,  and  is  soluble  in  water  and  alcohol,  biitiiotfc 
ether.  Mushroom  sugar  is  also  fermentable  by  rwisf,  »ri 
diffuses  the  odour  of  caramel  when  carbonised  by  u 
|>erature.     This  sugar  does  not  throw  down  sul>-oscid«  ^ 

from  a  boiling  solution   of  the  acetate,  the  only  p[  / 

which  this  sugar  is  distinguished  from  the  ordinary  a|iccic3. 
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A  species  of  sugar  was  obtained  by  Thenard^  from  the  urine  of 
dii|betcs  insipidus,  and  subsequently  by  Bouchardat  from  the 
flpme  source,  which  was  insipid,  or  only  faintly  sweet.  It  was 
fermentable  by  yeast,  and  was  converted  by  dilute  sulphuric  acid 
into  the  sugar  of  grapes.* 

LIQUORICE  SUGAR. 

The  inspissated  juice  of  the  root  of  the  Olycyrrhisa  glabra, 
contains  a  species  of  unfisrmentable  sugar,  which  is  obtained  by 
dunfying  the  juice  with  albumen,  and  precipitating  the  sugar 
witli  sulphuric  acid,  washing  the  precipitate  with  water,  dissolv- 
ing it  in  alcohol,  which  leaves  undissolved  some  albumen,  and 
then  decomposing  the  sulphate  of  liquorice  sugar  by  carbonate 
of  potash.  After  evaporation,  the  sugar  remains  as  a  yellow 
Ifpuislucent  mass,  cracked  in  all  directions,  and  easily  detached 
fipm  the  vessel  in  which  it  was  evaporated*  Liquorice  sugar 
ytesses  the  property  of  forming  soluble  or  sparingly  soluble 
fWDpounds  with  both  the  mineral  and  vegetable  acids.  It  also 
fOBftbines  with  bases. 

t'*    .     ■  MANNA  SUGAR,  OR  MANNITE. 

'^.CeH^O^  according  to  the  analyses  of  Oppermann  and  of 
Liebig.  Manna  is  in  oblong  globules  or  masses,  of  a  yellowish 
wbite  colour,  and  is  an  exudation  from  various  trees,  principally 
the  Fraxinus  omus,  a  species  of  ash,  and  the  Eucalyptus  manni- 
fen  of  New  South  Wales.  It  exists  also  in  the  juices  exuded  by 
ipan  J  cherry  and  plum  trees,  in  various  kinds  of  mushrooms, 
aqd  in  some  roots,  such  as  tliat  of  celery.  It  is  composed 
duefly  of  manna  sugar,  which  may  be  prepared  by  dissolving  the 
pianna  of  the  shops  in  boiling  alcohol,  and  allowing  the  solution 
|9  eocdy  and  is  obtained  perfectly  pure  by  repeated  crystalliza- 
tyi)ns«  Mannite  crystallizes  in  slender,  colourless,  four-sided 
i,  of  a  silky  lustre.  It  has  a  slightly  sweet  taste,  and  is 
soluble  in  water ;  its  solution  is  not  fermentable.  Mannite 
u  anhydrous,  and  may  be  fused  by  heat  without  loss  of  weight. 

•  Hiemrd,  Traii^  de  Chimie,  IV.  351. 


758  LIGNIN. 

Its  solution  dissolves  oxide  of  lead.    Nitric  acid  converts  i 
nite  into  oxalic  and  saccharic  acids^  and  not  into  made  add. 

Mannite  is  also  one  of  the  prodacts  of  the  viacoui  ftr- 
mentation  of  cane  and  grape  sugar^  which  will  be  aftenraidi 
described. 

GUM. 

Its  formula  is  Ci^HuOji ;  it  loses  an  atom  of  water  at  9Sf 

(130®  cent.),  but  is  then  essentially  altered.  Gum  is  a  prinripfe 
of  constant  occurrence  in  the  juices  of  plants,  and  exuding  finom 
the  bark  of  trees,  collects  into  drops,  which  are  distingiushahk 
from  resin  by  being  soluble  in  water  and  insoluble  in  aloohioL 
All  the  varieties  of  gum  may  be  referred  to  two  species^  of  wUA 
gum-arabic  (the  produce  of  the  acacia  vera),  and  gum-tragaeanA 
are  the  types.  The  first  is  slowly  soluble  in  cold  water,  thelut 
does  not  dissolve  in  water,  but  swells  up  into  a  mudlaginooi 
mass,  which,  when  boiled,  gradually  acquires  the  appearance  of 
ordinary  gum.  The  solution  of  gum,  known  as  mucilage,  is  a 
thick,  adiiesive,  insipid  liquid,  from  which  the  gum  is  throva 
down  by  alcohol.  Gum  is  precipitated  by  sub-acetate  of  ktif 
as  a  white  mass,  insoluble  in  water.  It  is  destroyed  by  the 
strong  acids  ;  nitric  acid  converts  it  into  mucic  acid. 

LIGNIN. 

The  formula  of  lignin,  dried  between  300"  and  350*^  is  C^HsO, 
(Prout).  The  basis  of  woody  fibre  is  aptly  so  named.  It 
constitutes  about  95  per  cent  of  baked  wood,  and  is  tlie  most 
durable  product  of  vegetation.  Pure  lignin  is  obt^ned  bf 
treating  the  sawings  of  wood,  paper,  or  the  fibre  of  lint  and 
cotton,  successively  with  ether,  alcohol,  water,  a  diluted  add, 
and  a  diluted  caustic  alkali,  to  dissolve  all  the  matters  solabk 
in  these  menstrua.  Wood  contains  in  its  vessels  the  varions 
constituents  of  tlie  sap,  of  which  the  colouring  principle  attadiet 
itself  to  the  lignin  on  evaporation,  by  a  chemical  affinity,  sodi 
as  we  avail  ourselves  of  in  dyeing  vegetable  fibre.  It  has  bees 
observed  by  Uartig  that  the  pores  of  wood  also  contain  a  cer- 
tain quantity  of  starch,  in  spherical  grains  of  a  grey  ooloiir, 
of  wliich  from  one-fourth  to  one-fifth  of  the  weight  of  the  wood 
may  be  obtained  by  mechanical  means.  The  li^niu  of  wood  consists 
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acxsording  to  M.  Pbyen,  of  two  organic  principles,  which  he 
has  saooeeded  in  separating  ;  one  is  the  primitive  tissue,  com- 
posing the  vessels  of  die  wood,  which  is  isomeric  with  starch, 
C|^ioO|o,  and  is  named  by  him  cellulose ;  the  other  fills  tlie 
oells,  and  constitutes  the  true  ligneous  matter.  M.  Payen 
obtained  cellulose  by  the  action  on  the  sawings  of  beech-wood 
of  several  times  its  weight  of  the  most  concentrated  nitric  acid, 
vhich  leaves  that  principle,  while  it  dissolves  the  lignin.  Cel- 
lulose is  dissolved  by  concentrated  sulphuric  acid,  without 
Uadtening,  and  is  then  converted  into  dextrin.  The  true  lignin 
of  lint,  hemp,  straw,  and  linen  cloth,  was  found  by  Payen  to  be 
C^H^Ogo*  Oak-wood,  by  the  analysis  of  Gay-Lussac  and 
Tbenard,  is  Cs^H^qO^.  Hemp,  straw,  etc.  mixed  cautiously 
vtth  concentrated  sulphuric  acid,  so  as  to  prevent  elevation  of 
tismperature,  form,  besides  dextrine,  a  lignin-mlphuric  acid, 
analogous  to  benzo-sulphuric  acid,  which  forms  soluble  salts 
frith  barytes  and  oxide  of  lead.  Tlie  dextrin  formed  when 
lignin  is  dissolved  in  sulphuric  acid,  is  converted  by  dilution 
fvod  boiling,  into  starch  sugar.  Sawdust,  gum  and  starch  dis- 
iKdve  in  the  most  highly  concentrated  nitric  add  ([>age  295), 
without  decomposition  of  the  acid,  and  if  immediately  diluted 
mth  water,  give  a  white  pulverulent  neutral  substance,  insoluble 
in  water,  which  contains  the  elements  of  nitric  acid  and  is 
highly  combustible  (Robiquet). 

Idgnin  combines  with  several  neutral  salts,  such  as  chloride 
oC  mercury,  sulphate  of  copper,  and  acetate  of  iron,  witti  all  of 
which,  particularly  the  first,  wood  is  impregnated,  in  order  to 
pVBserve  it  from  dry  rot,  a  species  of  decay  to  which  wood  is 
fobjeet.  The  wood  loses  all  its  cohesion,  and  becomes  friable 
Mien  jiffected  by  dry  rot,  and  fungi  generally  appear  upon  it, 
l»iit  the  first  destructive  change  is  probably  of  a  chemical  kind 
allied  to  the  action  of  fermentation.  Dr.  Boucherie  has  found 
that  wood  may  be  completely  charged  witli  solutions  of  salts 
fiurits  preservation,  by  aspiration  from  the  roots  or  base  of  the 
tmnk  of  the  tree,  shortly  after  it  is  cut  down,  and  has  made  many 
other  new  observations  on  the  subject.* 

Suberic  acid,  IlO+Cgll^O,,  is  formed  among  other  products 
by  the  action  of  moderately  concentrated  nitric  acid,  wiUi  heat, 

*  Anxiakf  dc  Cbiui.  etc.  Luuv.  113. 
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itpoti  barksj  but  more  particularly  cork.     It  is  produced, 
wise^  from  stearic  and  oleic  acids  in  the  same  maatier.     Sub 
acid  is  deposited  from  a  saturated  hot  solution  in    water,  as  a 
white  earthy  powder,  slightly  sour^  which  is  ftisibl^  and  dbtila 
over  like  an  oil,  fixes  on  cooling,  and  is  crystalline.     It  ia 
ble  in  alcohol  and  ether. 


SECTION    II. 


PRODUCTS  OF  THE  FERMENTATION  OF  &Li 


ETHYL   aSRIES   OF   GOlCPOUNDtt. 


r*^] 


Ethy!^  C^H3=Ej  a  hypothetical  radical,  existing  in  ether  j 
its  compounds;  ether  being  the  oxide  of  ethyl>  and  alcohol  the 
hydrated  oxide  of  ethyl    Ethyl  has  not  been  isolated. 

HYDRATED  OXIDE  OF  ETHYL  OR  ALCOHOL, 

Its  formula  is  C^Hj04-H0=-E0  +  HO.  Alcohol  eaa  b» 
obtained  only  in  one  way,  namely  by  the  fermentation  of  m^% 
and  perhaps  immediately  from  grape  or  starch  inig&r  wify* 
This  fermentation  is  determined  by  tJic  addition  of  yeast  tot 
solution  of  sugar  kept  between  ^(f  and  90^,  when  a  new  dn- 
tribution  of  the  elements  of  the  latter  takes  place,  so  as  to  ferm 
alcohol  and  carbonic  acid;  one  atom  of  starch  sugar  Cj^^HuOi^ 
being  converted  into  two  atoms  of  alcohol  2  (C^H^  +  HO), 
and  four  atoms  of  carbonic  acid  4 CO,. 


Two  atoms  of  alcohol     .     . 
Four  atoms  of  carbonic  acid 

One  atom  of  starch  sugar 


Cg    H|2  O^ 


C.,  H»,  O 


'11 


it 


^11 


The  juices  of  all  plants  which  naturally  contain  aagar,  pomiv^ 
likewise^  a  substance  which  by  exposure  to  air,  becomes  a  fa- 
raent  and  converts  their  sugar  into  alcohol  and  cmrbonio  sciL 
Hence  all  saccharine  v^etable  juices,  such  as  that  of  eh«  gnfi^ 
of  sugar-cane,  and  of  beet-roo^  run  quickly  *mto  femugitalioii 
after  expression. 

Alcohol  IS  obtained  by  distillation  from  all  liquids  which  hsft 
undergone  the  vinous  fermentation,  but  diluted  with  a  \^ 
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quantity  of  water.  The  density  of  the  distilled  liquid  dimi- 
nishes with  the  proportion  of  alcohol,  and  tables  have  been 
constructed  by  which  from  its  density  the  per-centage  of  alcohol 
in  th^  liquid  may  be  ascertained.  Ordinary  spirits  have  a 
spedfic  gravity  from  0.910  to  0.915,  which  corresponds  with 
from  50  to  52  per  cent,  of  alcohol.  The  same  distilled  afford  a 
spirit  of  density  from  0.890  to  0.880,  at  GOP,  known  as  tpiriiM 
qfwine,  containing  from  62  to  67  per  cent  of  alcohol;  which 
^ain  may  be  brought,  by  a  second  distillation,  to  from  0.843 
to  0.855,  known  as  rectified  tpiriis,  and  these  contain  from 
82  to  85  per  cent,  of  alcohol.'*'  To  obtain  alcohol  fi'ee  from 
water,  or  absolute  etcoholf  rectified  spirits  may  be  poured  into 
a  letort  over  their  weight  of  anhydrous  lime,  in  fine  powder, 
oitber  fresh  quick-lime  finely  pulverised,  or  better  lime  that  has 
Vem  slaked  and  afterwards  heated  recently  to  redness,  allowed 
to  digest  together  for  twenty-four  hours,  and  the  spirit  after- 
warda  slowly  distilled  by  the  heat  of  a  water-bat)i.  It  then  has 
a  specific  gravity  of  0.7947  at  59**  (15®  cent),  and  from  0.792  to 
9k19l  at  68®  (20^  cent.).  The  proof  spirits  of  the  excise,  upon 
iphich  the  duty  per  gallon  is  levied  in  this  country,  is  of  density 
0uB186SS ;  and  by  the  expression  that  a  spirit  is  any  number^ 
WSfiem^  o/ver  proof  is  meant  that  100  gallons  of  the  spirit  would 
stand  the  addition  of  ten  gallons  of  water  to  reduce  it  to  proof 
alrengtb^  or  it  would  form  110  gallons  of  proof  spirit ;  while  ten 
w/Ar proof  means  that  ten  gallons  of  water  must  be  taken  firom 
|Q0  gallons  of  the  spirit  to  raise  it  to  proof,  or  that  100  gallons 
of  it  contain  only  90  gallons  of  proof  spirit.  The  proof 
spirit  of  the  pharmacopeeia  {spirit us  tenuior)  is  directed  to  l)e  of 
sp.  gr.  0.930.  When  obtained  from  grain,  alcohol  always  con- 
tuns  a  small  quantity  of  a  particular  oil,  from  which  it  is  most 
easily  purified  on  the  small  scale  by  distilling  it  from  caustic 
potash,  or  filtering  it,  when  in  a  large  quantity,  through  a  bed 
^  veoently  prepared  wood  charcoal,  roughly  pounded. 
.'Alcohol  has  never  been  frozen.  By  evaporating  the  com- 
pboad  of  solid  carbonic  acid  and  ether,  in  the  vacuum  of  an  air- 
pimnpj  Dr.  Mitchell  has  produced  the  greatest  depression  of 
tsmperatore  hitherto  attained.  Alcohol  of  specific  gravity  0*798, 
observed  by  him  to  become  oily  and  adhesive  at — 130* ; 

•  Table  of  the  Dentity  of  Ateobol,  by  M.  LowiU»  lee  Appeodix. 
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by  a  greater  cold  it  became  still  thicker,  and  al^J46'' Aiyird 
like  melted  wax.  Alcohol  of  0.820  froze  easily ;  ether  inida- 
went  no  change  by  the  lowest  of  these  teraperaturea^* 

Alcohol  boils  at  173^  {barometer  2U.5  inches),  aad  at  higlbflr 
temperatures,  in  proportion  as  it  is  diluted  with  water.  U  is 
reniai'kable,  however,  tliat  the  boiling  point  of  a  mixture  of  akcH 
hoi  and  water  rises  with  the  quantity  of  water  to  a  certain  point; 
alcohol  of  96  to  90  per  cent  boiling  at  a  somewhat  lower  teoipa- 
rature  than  absolute  alcohoL  In  consequence  of  this,  aloobol  d 
den.sity  0,800  is  increased  in  strength  by  boiling  it :  and  hatot 
also,  in  the  preparation  of  absolute  alcohol,  the  first  portions 
contain  always  a  little  more  water  tlian  those  which  follow.  \k^ 
hoi  has  an  agreeable  penetrating  odour,  and  is  the  iutoxicatiig 
principle  of  all  spirituous  hquors.  The  density  of  its  vapour, 
according  to  Gay-Lussac,  is  1613,  referred  to  air  aa  1000;  il 
contains  eight  volumes  of  carbon  vapour,  twelve  volumea  of 
hydrogen,  and  two  volumes  of  oxygen  condensed  into  foor 
volumes,  its  combining  measure,  which  gives  the  theoretkit 
density  IGOL  ^Vlcohol  is  highly  combustible,  and  bums  witli 
a  fiame  that  is  nearly  colourless  and  free  Irom  smoke ;  tbt 
only  products  of  its  perfect  combustion  are  water  and  carboak 
acid. 

Alcohol  has  a  great  attraction  for  water,  which  when  aiJif* 
drous,  alcohol  attracts  rapidly  from  the  air.  It  also  ^ithdiaws 
water  from  animal  substances,  and  thus  preserves  them*  VVk«a 
mixed  with  water,  a  very  scjisible  evolution  of  beat  QGCur8|«id 
always  a  diminution  of  bulk  and  increase  of  density,  wfa«ft 
water  and  absolute  alcohol  are  mixed  in  any  proportioaH 
although  on  adding  water  to  alcohol,  already  considerably  di- 
luted, an  apparent  expansion  may  be  observed.  The  gtcatesi 
contraction  occurs  on  mixing  1  atom  of  alcohol  witli  (i  atoms  at 
water,  when  a  definite  hydrate  is  certainly  formed ;  100  irnlnMi 
of  this  mixture  contain  53.93^  volumes  of  alcohol,  9nd4SJB0t 
volumes  of  water;  consequently,  103.77^  volumes  are  redaoot 
to  100  J  its  density  is  0,927  at  59**.t 

Alcohol  dissolves  most  of  the  gases,  and  several  of  ihem  tas 


•  Ltfbig'f  AunalcD,  vol.  37,  p,  354 ;   from  SilltinaaV  Aiucrictii  JottfW  ^ 
Science, 
t  KudUirsi  AAitales  tic  Chioi.  etc.  lUfUi,  ^. 
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larger  proportion  than  water,  such  as  oxygen,  nitrous  oxide, 
carbonic  acid,  and  phosphurettcd  hydrogen.  It  dissolves  the 
Iiydrates  of  potash  and  soda,  ammonia,  the  alkahne  sutphurets, 
likewise  all  Uie  deIit|uesceot  inorganic  salts,  except  carbonate  of 
potash,  but  none  of  the  salts  which  are  insoluble  or  sparingly 
soluble  in  water,   nor  efflorescent  salts.      It    dissolves   many 

f  stable  principles,  such  as  sugar,  resins,  essential  oUs,  soap, 
ur  oU,  etliers,  alkalies,  most  acids,  &c.  It  does  not  dissolve 
fats  and  fixed  oils.  Alcohol  forms  crystalline  compounds 
jdtJi  several  of  the  salts  it  dissolves,  particularly  chloride  of 
^nunfi,  (CaCl-f  2C^Hg02),  nitrates  of  lime  and  magnesia,  chlo- 
Me  of  zinc,  and  chloride  of  manganese.  These  compounds  are 
named  alcoates^  and  correspond  with  hydrates,  but  are  much 
leas  stable.  Many  solutions  made  by  alcohol,  or  iinciure^,  are 
used  in  medicine. 

Absolute  alcohol  dissolves  l-240th  of  phosphorus,  and  l-200tli 
of  sulphur.  It  is  decomposed  by  potassium  or  sodium,  with 
tlie  e^'olutiou  of  hydrogen  gas,  and  a  crystal lizable  compound  is 
formed  of  the  remaining  elements  of  the  alcohol  with  tlie  metal, 
or  perhaps  of  ether  with  the  oxide  of  the  metal.  This  substance 
ti  decomposed  by  water.     Oxygen  acids  decompose  alcohol,  as 

ty  do  a  hydrated  metallic  oxide,  uniting  directly  with  the 
er  it  contains,  and  forming  acid  salts  of  that  base ;  while  a 
Iracid  acts  upon  the  ether  of  the  alcohol  as  it  does  upon  a 
oetalhc  oxide,  forming  water,  and  a  haloid  comjx^uud  of  tlie 

rof  tlie  hydracid  with  ethyL 
OXIDE  OF  ETHYL,  OR  ETHER.  — * 


^Formula:  C4H50=^EO  ;  distinguished  also  as  mlphuric  el/wr, 
fpDi  the  mode  of  preparing  it.  This  liquid  is  the  product  of 
t  remarkable  decomposition  of  alcohol  by  sulphuric,  phosphoric 
and  iirsenic  acids,  and  is  also  formed  by  the  action  upon  alcohol 
«f  the  fluoride  of  boron,  the  chloride  of  zinc,  the  chloride  of  tioj 
aud  some  other  chlorides.  All  these  agents  have  a  great  affinity 
for  water,  and  might  be  supposed  to  convert  alcohol  into  ether 
by  simply  combining  with  the  water  which  the  former  is  sup- 
potted  to  contain^  but  tlje  close  examination  which  the  process 
etherihcatiou  has  received  from  chemists,  proves  that  it» 
ioiiale  is  by  uo  means  so  simple.     Ueserving  the  theory  of 
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ether  till  that  of  sulpho-vinic  acid  is  considered^  1  shall  atprescirt 
describe  the  process  for  ether. 

Ether  is  evolved  when  alcohol  and  oil  of  ritriol  are  heated 
together,  and  may  be  obtained  by  mixing  and  distilling  in  a  glass 
retort  equal  weights  of  these  materials,  dae  attention  being  paid 
to  the  condensation  of  the  product,  which  is  volatile,  by  keqi* 
ing  the  receiver  very  cold.      But  as  the  power  of  the  arid  to 
decompose  alcohol  is  not  exhausted  in  this  process^  it  is  foinxt 
advantageous  to  make  additions  of  alcohol  to  the   remaining 
acid,  or  to  introduce  the  latter  in  a  continued   stream.    The 
following  is  a  continuous  process  for  ether,  first  proposed  by  M* 
Mitscherlich,  as  it  is  given  by  M.  Liebig.     Alcohol  is  emplojtd 
of  density  0,822,  or  of  90  per  cent,  which  may  be  obtained  by 
digesting  proof  spirits  upon  an  equal  weight  of  well  dried  OM^ 
honate  of  potash  (free  from  caustic  potash),  when   two  liquids 
are  formed,  tlie  upper  alcohol  of  the  strength  mentioned^  wliieh 
maybe  drawn  off  for  use,  and  the  lower,  a  solution  of  carboDaii 
of  potash  in  water.     Five  parts,  by  weight,  of  this  alcoliolinl 
mixed  with  nine  parts  of  oil  of  vitriol,  in  a  copper  or  cast  irc^l 
vessel,  surrounded  by  cold  water,  and  the  mtsture  aftemraidt 
introduced  into  a  tubulated   glass  retort,  which    the    miitiui^ 
should  £11  one  half,  or  even  a  little  more.     The  distiUadoD  it 
best  conducted  by  tlie  heat  of  a  sand-pot,  in  which  the  rcton 
should  not  be  deeply  sunk,  and  commences  at  a  gentle  best? 
when  the  temperature  increases  too  briskly,  the  fire  should  bt 
withdrawn.     A  glass  tube  is  fixed  by  a  cork  in  the  tubulurvuf 
the  retort,  of  which  the  extremity  within  the  retort  is  drawn  i^ 
into  a  point,  having  an  opening  about  one  line  in  diameter,  ifi<l 
dips  one  inch  in  the  liquid.     Without  the  retort,  the  san 
is  bent  at  a  right  angle,  and  may  extend  horizontally  for 
three  feet ;  it  communicates  with  a  reservoir  of  alcohol  by 
of  a  metallic  tube  and  stop-cock,  by  which  the  flow  of  the  akw* 
hoi  is  regulated,     llie  latter  should  be  supplied  so  as  t'^  *  *-" 
the  liquid  in  the  retort  at  its  original  level,  at  which  . 
sJiould  be  placed   for  tliat  purpose.     To   condense    the 
which  distils  over,  the  beak  of  the  retort  is   connected  -.- 
Liebig's  tube  cdndenser,  charged  with  tlie  coldest  wwler.    A 
leaden    alembic    is  used  when  ether  is   prepared    on   a  hf|i 
scale.     It  is   said  that  when   operation  is  well  direcled,  iKHbiflt 
is  formed  but  ether  and  water;  tlie  same  sulphuric  aydd  i»»y 
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also  be  used  indefinitely  for  the  preparation  of  ether  with- 
out sensibly'  diminishing,  the  ether  and  water  into  which  the 
alcohol  is  resolved,  coming  off  entirely,  and  leaving  none  of  its 
elementa  with  the  acid. 

To  obtain  the  ether  perfectly  free  from  alcohol  and  other  im- 
parities, the  crude  product  may  be  mixed  with  some  milk  of 
lime  and  an  equal  volume  of  water,  the  iis^hter  liquid  drawn  off^ 
and  allowed  to  digest  for  several  days  upon  chloride  of  calcium, 
or  quicklime  ;  and  finally  be  rectified  fi^om  the  same  substances. 
The  last  product  has  a  specific  gravity  between  O;720  and  0*7;25. 
Ether  ba  light,  transparent,  highly  limpid,  fragrant  and  vola- 
tile liquid,  having  a  sharp  aromatic  taste,  and  which  wlien 
swallowed  or  inhaled  in  the  form  of  vapour,  acts  as  a  powerful 
lUmulant  Its  density  is  0./ 15  at  CB^^  and  0.724  at  54*^,  by 
Qay-Lussac's  observations*  It  boils  between  96^  and  98°  ('26***5 
cent,  Gay-Lussac) ;  evaporates  rapidly  at  ordinary  temperature^ 
and  produces  great  cold  by  its  evaporation.  It  is  very  com- 
bustible, and  a  mixture  of  its  vapour  with  air  or  oxygen  is 
utplosive  in  a  high  degree ;  hence  it  must  always  be  distilled 
nifch  caution.  Ether,  unlike  alcohol,  burns  with  a  white  flame ; 
it  is  c<>nverted  into  water  and  carbonic  acid*  When  a  spiral 
ooil  of  platinum  wire,  heated  red-hot,  is  suspended  in  the  vapour 
of  ether^  the  latter  bums  without  flame,  and  produces  a  very 
acrid  vapour,  which  when  condensed  has  been  found  to  contain 
acetic,  formic  and  aldehydic  acids*  When  transmitted  through 
i  red  hot  tulie,  ether  is  decomposed  into  aldehyde^  olefiant  gas^ 
and  the  gas  of  marshes.  t 

Ether  mixes  with  alcohol  in  all  proportions,  but  may  be  sepa^i 
rated  completely  from  the  latter  by  agitation  with  twice  its  bulk 
uf  water,  which  takes  up  the  alcohol  while  the  ether  floats  on  its 
surface.  One  part  of  ether  dissolves  in  10  parts  of  water,  while 
%$  pariB  of  ether  dissolve  1  of  water.  Its  solvent  powers  are 
much  less  extensive  than  those  of  alcohol.  Ether  dissolves 
l-^Oth  of  sulphur,  and  I -37th  of  phosphorus,  and  also  iodine  and 
bfomine  in  large  quantity,  but  is  soon  decomposed  by  them.  It 
dist4)lves  also  a  considerable  number  of  chlorides,  such  as  that 
of  mercurjs  of  zinc*  and  gold*  Ether  dissolves  also  several 
organic  acids,  such  as  the  acetic,  gallic,  benzoic,  oleic  and 
•tearic  acids,  also  the  essential  oils,  fats,  wax,  and  certain  rcsinn* 
Certain  vegetable  bases  are  also  soluble  in  ether,  while  others 
t«re  tiot. 
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The  vapoiir  of  ether  is  very  heavy,  itJi  density  hieing  2 
(Gay-Lussac) ;  it  cotitains  8  volumes  of  carbon  vapour, 
volumes  of  hydrogen,  and  1  vohime  of  oxygen,  condensed  intu 
2  volumes,  which  form  its  combining  measure,  and  gire  ii  iti 
theoretical  density  2583. 

Ether  left  a  long  time  in  contact  with  iirater,  combinci  wilb 
it  and  forms  alcohol.  It  combines  with  acids,  and  fonim  IkhJi 
neutral  and  acid  salts  ;  the  6rst  class  of  salts  arc  the  compaitii4 
ethers,  and  the  last  bear  the  name  of  vinic  acids. 


CHLORIDE  OF  ETHYL,  OR  HYDROCLORIC  I^RER. 
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Its  formula  is  C^H5C1=ECL  To  prepare  this  ether,  alcoiiol 
is  saturated  with  hydrochloric  acid  gas,  and  the  solution  distitkd 
by  a  water-bath  heat;  the  product  is  conducted  into  a  liottle 
containing  some  water  and  surrounded  by  water  at  the  temp^ 
rature  of  70^  or  80*^,  and  thence  into  another  receiver  surruiuidd 
by  ic^.  To  free  it  from  water  and  alcohol,  the  product  is  di- 
gested with  chloride  of  calcium  in  a  bottle  trurroundcd  by  ist, 
The  liquid  is  decanted,  after  twenty-four  hourly  into  plual% 
with  well  ground  stoppers,  which  are  kept  inverted, 

[lydrochloric  ether  is  a  highly  volatile  liquid,  boiling  at  S3*i 
of  a  penetrating  aromatic  and  slightly  alliaceous  oduur*  Its 
density  is  0.874  at  41^,  it  is  neutral  to  test  paper,  dissulves  io 
twenty-four  parts  of  water,  and  gives  a  solution  that  19  not  ]»«• 
cipitated  by  nitrate  of  silver.  When  treated  with  ctdorific^  it 
gives  liydrochloric  acid,  and  a  series  of  compounds  tawbick 
reference  has  already  been  made  (page  71^)* 

Bromide  of  ethyls  C^HgBr^EBr,  was  discovered  by  Semllii^ 
and  is  formed  by  distilling  a  mixture  of  1  part  of  brumiiie,  4  d 
alcohol,  and  l-Hth  of  phospiiorus.  It  is  a  colourless  and  TCfJ 
volatile  liquid,  denser  than  water. 

Iodide  of  elhyl^  C4H^I=EI,  may  be  obtained  by  diatiUms 
alcohol,  saturated  with  hydriodic  add  gas»  It  is  a  colourleii 
liquid,  of  density  L<>206,  which  boils  at  161*^.  (/I***  5  ceiH-) 

Sulphuret  of  ethyl^  C^  115^3= ES,  is  formed  by  tnuuoiUuJif 
the  vapour  of  hydrochloric  ether  through  the  proto-sulphurei^iA 
potassium;  chloride  of  potassium  precipitates,  the  solphuretd 
ethyl  is  dissolved  by  the  liquid,  or  distils  over  if  tins  laUsr  b 
kept  warm*     It  is  a  colourless  liquid,  of  a  disagreeable lUi* 


MEHCAPTAN. 

oooQs  odour,  boiling  at  1(33^-4  (73^  cent),  and  of  which  the 
densily  is  o.8i5  at  68".* 


HYOROSULPHURET  OF  THE  SULPHURRT  OP  ETHYL,  OR  MERCAPrAN. 

Its  formula  is  C^H^S-f-HS^ES  +  HS ;  or  it  is  alcohol  of 
which  the  oxygen  is  repkced  by  sulphur.  This  curious  com- 
pound, of  which  we  owe  the  discovery  to  Zeise,  may  be  pre- 
pared like  the  preceding  compound,  by  transmitting  the  vapour 
of  hydrochloric  ether  througli  a  strong  solution  of  potash,  pre- 
viously saturated  with  sulphuretted  hydroireii  gas,  or  hydro- 
sulphuret  of  sulphuret  of  potassium,  KS  +  PiS  ;  but  a  preferable 
process  is  to  distil  a  strong  solution  of  the  sulphate  of  oxide  of 
etliyl  and  lime,  of  density  L28,  mixed  with  a  solution  of  potash 
of  the  same  density,  previously  saturated  with  sulphuretted 
hydrogen  gas. 

KS,  SH  and  (EO+CaO  +  2SOJ=^ES  +  HS  andKO  +  SO,  and 

CaO  +  SO^. 

The  product  must  be  received  in  a  cool  receiver.  It  contains 
an  excess  of  sulphuretted  hydrogen,  alcohol,  and  water^  from 
which  it  may  be  purified  by  submitting  it  to  a  second  distilla- 
tion from  a  small  quantity  of  red  oxide  of  mercury,  and  digesting 
it  afterwards  with  chloride  of  calcium. 

Mercaptan  is  a  colourless  liquid,  highly  fluid  like  ether, 
having  a  most  penetrating  and  insupportable  garlic  odour  ;  its 
boiling  point  is  about  1 00^,  according  to  my  own  observation, 
and  the  density  is  said  to  be  0.835  at  7iP,  and  0,842  at  59*^. 
It  is  miscible  with  alcohol  and  ether,  but  not  with  water,  in 
hich  it  is  very  slightly  soluble.  Tlie  sulphuretted  hydrogen  of 
rcaptan  acts  powerfully  on  metaliic  oxides,  water  being 
ed,  and  a  sulphuret  of  the  metal,  which  last  remains  iu 
eoiDbinalion  with  the  sulphuret  of  ethyl,  thus  forming  a  class 
of  sulphur  salts.  The  oxide  of  mercury  is  instantly  converted 
by  mercaptan  into  a  compound  of  this  class,  C4H5S  +  HgS,t  the 
mtrcaptide  of  mercury^  which  is  a  white  crystalline  mass,  soft 
to  tlie  touch,  ^nHthout  odour,  insoluble  in  water,  and  fusible  like 
wax  by  185^  (85^  cent.).  This  mercaptide,  when  distilled, 
cinnabar,  and  affords  a  volatile  liquid,  which  has  not  been 
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•  lUtgwiiilt,  An.  de  Ch.  eic.  Ixxi»  387. 

t  lletice  Uie  name  motcaptan,  from  mtrcutium  cnptuns. 
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examined.     The  oxide  of  gold  is  also  strongly  acted  on  by 
captan,  but  other  metallic  oxidea  are  less  affected  in  pm| 
as  they  approach  to  alkaline  bases,  Tims  the  hydrates  of 
and  soda  have  no  sensible  action  on  mercaptan. 

By  contact  with  nitric  acid,  mercaptan  is  conTcrted*  by  ,  ^ 
gentle  heat,  into  a  new  acid,  which  contains  sulpburet  of  e(^BI 
and    the    elements     of    sulphuric    acid,    C^H^S^O^,  (Lobi^P 
Kopp), 

Bisulphurei  of  ethyl,  C4ll5S2=ES2,  is  a  transparent  oflf 
liquid,  boiiing  at  123.8*^  (51^  cent.),  obtained  by  distilling  a  caii* 
ture  of  the  double  sulphate  of  ethyl  and  potash  and  the  {lerml- 
phuret  of  potassium.  It  is  decomposed  by  caustic  potash  and 
by  nitric  acid  (Zeisc^  Pyrarae  Morin), 

Seleniuret  of  ethyi^  is  obtained,  according  to  Ixcwig,  iti  tike 
same  way  as  thesulphuret,  substituting  in  the  process  adeiiilivl 
of  potassium  for  the  sulphuret  of  potassium. 

Teliaret  ofethi/i^  obtained  also  by  a  similar  procesn,  using  tfct 
telluret  of  potassium ;  a  very  volatile  liquid,  of  a  deep  onnje 
colour  (Wochler). 

Cyanide  of  etkyl^  hydrocyanic  ether,  C4H5  +  NC2=ECjr,  ob- 
tained by  Pelouze  by  exposing  a  dry  mixture  of  sulphate  rf 
ethyl  and  potasli  to  a  gentle  heat,  which  is  gradually  incftiMd* 
It  is  a  colourless  liquid,  with  an  insupportable  odour  of  garfk'» 
boiling  at  ]79.6^  (S2^  cent.),  and  of  which  the  density  ii  aj. 
Sulphocyanide  of  ethyl  has  also  been  formed  by  distilling  a  ©ii* 
ture  of  sulphocyanide  of  potasnium,  alcohol  and  sulphuric  ioA 
It  is  an  oily,  very  dense  liquid. 

SALTS  OF  OXIDE  OP  ETHYL,  OR  SALTS  OF  ETHER. 

Ether  does  not  combine  directly  with  acids,  but  these sillitfv 
obtained  by  the  action  of  acids  upon  alcohol  (hydrate  of  elllfl)« 
The  neutral  salts  of  ether  are  distinguished  from  inorganic  nit* 
by  the  circumstance  that  neither  the  acid  nor  oxide  of  ethyl  CW 
be  replaced  by  double  decomposition,  at  the  ordinary  tenipefir 
ture,  by  another  acid  or  base,  when  the  saltof  it  ismixed  wiib 
another  salt;  the  alcoholic  solution  of  the  oxalate  of  etbeff  6f 
instance,  not  being  precipitated  by  an  alcoholic  solution  of  chfc* 
ride  of  calcium.  Tliese  salta  are  decomposed  by  the  alka&Df 
hydrates,  particularly  when  assisted  by  heat,  their  base  adic^ 
ing  itself  to  the  water  of  the  alkaline  hydrate,  and  coming  efft* 
alcohol,  while  their  acid  unites  with  the  alkali.     Sererd  of  tbe« 
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neutral  salts  arc  only  partially  decomposed  by  alkalies  and  me- 
talliD  pxidesj  a  neutral  double  salt  being  formed,  in  which  the 
acid  is  united  with  equal  proportions  of  oxide  of  ethyl  and  me- 
tallic o^cide*  The  latter  can  again  be  removed  by  a  stronger 
acid  for  which  it  has  an  affinity^  and  then  an  acid  double  salt  is 
foimed,  in  which  the  ethyl  is  combined  with  a  salt  of  water. 
The  metallic  oxide  of  the  neutral  double  salts  can  also  be 
replaced  by  another  metallic  oxide,  but  the  acid  of  the  double 
salt  ia  not  affected  by  its  usual  precipitants,  the  sidphate  of 
etliyl  and  potash,  for  instance,  not  being  precipitated  by  chlo- 
ride of  barium. 

The  acid  salts  of  oxide  of  ethyl  are  not  crystallizable,  a  con- 
centrated solution  has  a  certain  degree  of  stabilityj  and  may  he 
heated  to  212"^,  but  a  dilute  solution  decomposes  spontaneously 
at  the  temperature  of  the  air,  and  more  rapidly  when  heated, 
with  the  formation  of  alcohol  and  a  hydrate  of  the  acid.  Some 
of  them,  of  which  the  hydrate  is  but  slightly  volatile,  such  as 
the  acid  sulphate  of  ether,  are  decomposed  at  a  higher  tempe* 
rature  into  ether  which  escapes  and  acid  which  remains  in  the 
state  of  hydrate. 

The  neutral  salts  of  ethyl  are  generally  derived  from  the  acid 
tulphate  of  ethyL  When  to  a  highly  concentrated  solution  of 
the  latter,  solutions  of  other  acids  are  added,  it  usually  happens 
that  the  latter  assume  the  oxide  of  ethyl  to  form  neutral  salts^ 
and  leave  behind  the  hydrate  of  sulphuric  acid;  the  mucate, 
uicate  and  stearate  of  ethyl  are  formed  in  tliis  way.  Or  when 
to  a  similar  solution  of  the  acid  sulphate  of  ethyl  salts  are  added, 
of  which  the  acids  are  volatile  and  form  volatile  compounds 
with  oxide  of  ethyl,  the  sulphuric  acid  unites  with  the  base  of 
the  other  salt,  w^hile  the  volatile  acid  combines  wdth  oxide  of 
ethyl,  and  distils  over  with  the  latter* 

'ACIO  SULPHATE  OP  OXIDE  OP  ETHYL,  OR  SULPHATE  OF  OXIOB 
OP  ETHYL  AND  WATER. 

''Uherasuiphuric  acidy  stilpheihylic   acid   (Mitscherlich), 
^  6  ^  tc  add ;   EOjSOa  4  H  0,S03. 

The  neutral  sulphate  of  ethyl  has  not  yet  been  formed. 

id  sulphate  of  ethyl   may  be  formed  directly  by  trans- 
iiii  le  vapour  of  ether  through  the  hydrate  of  sulphuric 

acid  &o  long  as  it  is  dissolved.     On  afterwards  dituttng  that 
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liquid  with  water,  part  of  the  ether  separates  in  a  free  state,  and 
part  remains  in  combination  with  the  acid. 

The  same  compound^  however,  is  obtained  from  the  actioii  of 
sulphuric  acid  on  alcohol,  a  cheraitval  action  which  cannot  yd  be 
aaid  to  be  fully  esicplained,  although  it  has  been  the  stibjcoi  of 
much  research.  There  are  two  steps  in  this  action  :  h  the  p(o- 
duction  of  sulphovinic  acid,  and  2.  the  liberation  of  elher- 

1.  Fomiation  of  sulphovinic  acid, — Equal  weights  of  stroof 
alcohol  and  oil  of  vitriol  heated  together  to  the  boiling  paint 
of  the  mixture,  and  saturated  at  that  temperature  with  milk  of 
lime,  give  the  sulphovinate  of  lime,  or  sulphate  of  etlivl  ifi^ 
lime,    which  is  sohible   and    may  be    separated    by    filtration 
from  a   considerable    quantity   of  insoluble  sulphate  of  liiat; 
which  is  always    formed    at   the   same   time^     It   is   obttsrietl 
that  the  cooling  and  the  dilution  of  the  mixture  of  alcoliot  and 
sulphuric  acid,  before  saturation,  diminishes  the  proportkA  of 
sulphovinic  acid,  or  of  sulphovinate  of  hmeformtid,  by  catsaflgi 
reproduction  of  alcohol.      Even  when  the  sulphuric  add  is  to 
great  excess,  a  considerable  proportion  of  alcohol,  often  neatly 
the  half  of  it,  escapes  decomposition,  or  is  not  found  in  tht  rol- 
phovinic  acid  when  neutraiised.     That  the  whole  alcohol,  innr- 
ever^  is  at  first  converted  into  sulphovinic  acid  appears  froo  iIm 
circumstance  that  the  mixture  is  not  decomposed  by  i  cnfT^nt 
of  dry  chlorine,  no   hydrochloric  being  formed,  a  properlT  vi 
sulphovinates,  which  undergo  no  modification  by  the  actiijnV 
chlorine,  while  free  alcohol  is  immediately  decomposed  into  hyiln»- 
chloric  acid  and  other  chloruretted  products.     A  mixture  of  UO 
parts  of  oil  of  vitriol,  48  parts  of  alcohol,  and  1 8*5  fiarta  of  msaSt 
which  contains  the  elements  of  2  atoms  of  sulphuric  n    V  " 
atom  of  ether,  and  6  atoms  of  water,  boils  at  284**  (l*Kl-' 
and  is   not  aflFected  by  chlorine;    it   may   be  represented  » 
(E0,S03  -f  HCSOa)  +  5  HO. 

Tlie  protohydrate  of  sulphuric  add,  diluted  with  55  per  ccBt 
of  water,  or  HOjSOg  +  3HO,  does  not  decompose  alcohol  at  ^ 
ordinary  temperature,  but  the  reaction  occurt  wben  tbo  wioMt 
is  boiled. 

It  is  observed  by  Mitscherlich  that  in  the  formatinn  of  fuJ* 
phovinic  acid,  there  is  only  a  feeble  disengagement  of  hisftL  li 
to  two  parts  of  alcohoj,  one  part  of  sulphuric  acid  snd  then  <»• 
part  of  water  be  added,  the  temperature  of  the  mixture  ri»eat^ 
51 S'*  (70"  cent.) ;  about  half  of  the  alcohol  being  converted  !«»<» 
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solphovinic  add.  While  if  to  one  part  of  sulphuric  acid,  one 
part  of  water  be  first  added,  and  then  two  parts  of  alcohol,  the 
temperature  rises  to  154.4^  (86^  cent.),  or  neariy  as  high, 
fldtfaoi^  in  the  last  case  no  sulphovinic  acid  is  formed.  Con- 
sequently the  heat  evolved  when  sulphuric  acid  unites  with 
(ndde  of  csthyl  is  scarcely  superior  to  that  liberated  when  the 
pratohydrate  of  sulphuric  acid  unites  with  more  water.* 

9.  Formaium  of  ether, -^Pl  mixture  of  9  parts  of  hydrated  sul- 
plmric  acid  and  5  parts  of  alcohol  of  85  per  cent  which  is  heated 
to  the  boiling  point  for  ether,  contains  the  elements  exactly  of 
1  atom  of  the  acid  sulphate  of  ether,  and  3  atoms  of  water,  or 
(EO,S03  +  HO,S03)H-3HO.  When  this  mixture  is  heated 
above  284^,  the  acid  sulphate  of  oxide  of  ethyl  is  decomposed 
into  ether  and  water,  which  distil  over  very  nearly  if  not  exactly 
in  the  proportions  in  which  they  exist  in  alcohol.  The  escape 
of  ether  from  this  mixture  is  not  promoted  by  the  addition  of 
strong  sulphuric  add  to  it.  but,  on  the  contrary,  retarded,  and 
ttien  requires  a  higher  temperature.  On  the  other  hand,  more 
alpdiol  added  to  the  mixture  distils  off  undecomposed  in  the 
anhydrous  state.  The  water  present  in  the  ether  mixture  is  ne- 
cessary, and  must  act  as  a  stronger  base,  displacing  the  oxide  of 
diiyl  in  combination  with  the  acid,  and  liberating  it  as  ether 
(page  188).  Water  may  even  displace  so  strong  a  base  as  am- 
monia, when  assisted  by  the  volatility  of  the  latter ;  a  solution 
^the  neutral  sulphate  of  ammonia  becoming  add  when  boiled 
lor  some  time,  from  the  escape  of  ammonia  (Rose).  The  addi- 
tion^ however,  of  more  water  to  the  ether  mixture  above,  so  as 
to  \om^  its  boiling  point  below  256.8^  (126^  cent.)^  occasions 
die  destruction  of  the  sulphovinic  acid,  and  then  nothing  but 
aloohol  distils  over. 

It  was  observed  by  Rose  that  ether  begins  to  be  slowly  evolved 
firom  the  ether  mixture,  at  a  temperature  scarcely  amounting  to 
•IS®;  the  ether  is  nearly  pure,  the  water  of  the  alcohol  bdng 
lelained  at  that  temperature  by  the  sulphuric  acid.^  Liebig 
finds  that  on  directing  a  current  of  dry  air  through  the  ether 
mixtare  heated  to  284^,  the  point  of  ebullition  falls  to  273.2^ 
(134®  cent.},  and  on  examining  what  was  carried  away  by  the 

•  Llottitnt,  No.  390,  pagv  206 ;  17  Juio,  1841 ;  where  etherification  iind  other 
jAcentical  questioos  aiv  discusied  by  M.  Miucherlich. 

%  H.  Rote  on  Etherification,  Taylor's  Scientific  Memoirs,  toI.  ii. 
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air,  it  was  found  to  be  notlung  but  alcohol.*  The  evolution  of 
ether  does  not  indeed  proceed  well,  unless  with  a  regular  ebul- 
lition of  the  liquid. 

When  the  ether  mixture  contains  a  great  excess  of  sulphuric 
acid,  the  decomposition  of  the  sulphate  of  oxide  of  ethyl  does 
not  take  place  till  the  temperature  rises  to  320*^  (160*^  ^^^!^n 
and  then  a  variety  of  products  are  evolved,  wliich  Liebig  reft^H 
to  the  re-action  of  the  elements  of  sulphuric  acid  themselro 
upon  oxide  of  ethyl.  He  supposes  the  elements  of  i  atom  of 
the  acid  sulphate  of  oxide  of  ethyl  to  divide  themselves  in  tlic 
following  manner : 

2  eq,  of  sulphurous  acid  -    -     .     •     .     Sj  O^ 
4  eq.  of  olefiant  gas        C^H^ 

3  eq.  of  water H^Oj 

2  eq.  of  carbon,  as  residue      .    .    .    C^ 


S,C,H,0, 

This  appears  to  represent  pretty  well  the  decomposition  by 
which  olefiant  gas  is  usually  obtained  (page  426) ;  but  that  gis 
may  be  obtained,  according  to  Mitscherlich,  accompanied  b]f 
nothing  but  water,  when  sulphuric  acid  is  diluted  with  water  iO 
as  to  boil  at  320*^,  and  the  vapour  of  alcohol  containing  20  per 
cent  of  water  (density  0.844)  is  sent  through  it.  After  a  part 
of  the  water  is  expelled  by  the  heat,  bubbles  of  olefiant  p$ 
appear  in  all  parts  of  the  liquid.  The  gas  is  accompanied  by 
very  little  ether,  and  by  almost  no  acid  body;  and  the  liquid, 
even  after  it  has  produced  a  cubic  foot  of  oIe6ant  gas  remaiaf 
colourless,  without  any  deposit  of  carbon.  The  other  substances 
obtained  in  the  ordinary  preparation  of  olefiant  gas,  Mitscher- 
lich considers  as  secondary  products,  which  only  begin  to  be 
formed  when  witli  alcohol  of  80  per  cent  a  temperature  is  em- 
ployed of  338»  (17tf*  cent.). 

In  the  ordinary  decomposition  of  alcohol  for  olefiant  p^ 
there  is  also  formed  a  small  quantity  of  the  double  sulphsU  of 
oxide  of  ethyl  and  etherole  (oil  of  wine)*  The  carbonaceous 
residue  has  also  been  shown  not  to  be  pure  carbon,  but  a  com* 
pound  substance,  and  named  Thiomehnic  acid  by  Erdman,  It> 
composition  in  its  potash  salt  is  €3011248303^ -h  2KO» 

The  solution  of  the  acid  sulphate  of  oxide  of  ethyl  is  a  liq^ 
of  a  very  sour  taste ;  when  diluted  it  cannot  be  concentnited  bf 

*  Traits  de  CUimieOrgmiiiqtir,  tome  i»p«ffe  334, 
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evaporation  at  any  temperature  without  decomposition.  It  is 
obtained  in  a  state  of  perfect  purity  by  heating  slightly  the  sul- 
phate of  ethyl  and  etherole  in  contact  with  4  parts  of  water ; 
tiie  etherole  (light  oil  of  wine)  separates  and  comes  to  the  sur- 
ftoe,  while  the  add  sulphate  of  ethyl  dissolves  in  the  water.  It 
Ibrms  a  great  number  of  double  salts  with  bases,  which  to  2 
atoms  of  sulphuric  acid  contain  1  atom  of  oxide  of  ethyl,  and 
1  atom  of  the  base  added.  They  are  soluble  in  water,  and  in 
alcohol  which  is  not  anhydrous ;  their  sulphuric  acid  cannot  be 
detected  by  the  usual  re-agents,  but  on  boiling  their  solution 
with  a  few  drops  of  hydrochloric  acid,  alcohol  is  disengaged,  and 
tiiereafiter  the  presence  of  sulphuric  acid  can  easily  be  detected 
in  the  residue.  They  are  not  decomposed  by  a  current  of 
gaseous  chlorine ;  the  potash  and  soda  salts  are  not  decom- 
posed when  boiled  with  an  excess  of  these  alkalies;  the 
barytic  salt  distilled  with  sulphuric  acid  containing  4  atoms  of 
water  gives  a  mixture  of  ether  and  alcohol ;  concentrated  solu- 
tions of  all  of  them  are  gradually  decomposed  by  ebullition. 
When  a  sulphovinate  is  submitted  to  dry  distillation  with  hy- 
drata  of  Ume  or  barytes,  it  is  converted  into  a  neutral  sulphate 
and  alcohol. 

Tlie  sulphovinate  of  potash  is  the  only  anhydrous  salt,  all  the 
odiere  contain  water  of  crystallization,  which  they  generally  lose 
when  dried  in  vacuo  at  the  ordinary  temperature.  The  salts  of 
potash^  soda,  and  ammonia  are  prepared  by  precipitating  the 
double  sulphate  of  ethyl  and  Ume  or  the  salt  of  barytes, 
by  the  alkaline  carbonates;  the  double  sulphate  of  ethyl 
and  magnesia  or  manganese,  by  decomposing  the  double 
solphate  of  ethyl  and  barytes,  by  means  of  soluble  sul- 
phates. 

These  salts  have  all  more  the  character  of  a  bibasic  salt,  than 
of  a  double  sulphate  or  compound  of  two  monobasic  sulphates, 
and  may  therefore  be  represented  as  containing  a  sulphuric  acid 
of  double  atom  S^O^,  which  is  bibasic,  and  is  united  at 
once  with  oxide  of  ethyl  and  another  base,  of  which  the  last 
only  can  be  displaced  by  other  bases.  They  resemble  the  bibasic 
fulminate  of  silver,  in  which  one  atom  only  of  base  can  be  dis- 
placed by  another  base. 

Sulphate  of  oxide  of  ethyl  and  potaahy  KO^EOH-SjOg,  crys- 
tallizes in  colourless  plates  like  chlorate  of  potash,  which  have  a 
saline,  and  sweetish  taste ;  is  persistent  in  air^  soluble  in  an  equal 
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weiglit  of  waterj  also  in  dilute  alcohol,  but  insoluhle  in  anhfl 
drous  alcohol  and  etber  ;  above  212**  it  undergoes  decompoaitn 
witliout  entering  into  fusion.  ■ 

I       Sulphate   of    oTide  of  ethyl^  and  baryteSy  BaO^EO-f-S^^i 
[   -f  2HO,  crystallines  in  plates  or  rhomboidal  prisms^  permstieiit 
in  air,  and  having  a  very  acid  taste. 

Sulphate  of  oxide  of  ethyl^  and  lime,  CaO.EO  -h  S^O^  +  2H' 
Five  parts  of  this  salt  dissolve  in  4  parts  of  water  at  62*6  (I 
cent*) ;  it  is  also  soluble  in  alcohol  with  the  aid  of  heat. 

Sulphate  of  oaidv  ofeihyl,  and  o^ride  of  lead y  PbO>EO  +8^0^ 
-f  2H  O,  crystallizes  in  large  transparent  tables,  very  soluble  botli 
in  water  and  alcohol,  and  having  an  acid  re- action.  It  slowly 
undergoes  spontaneous  decomposition,  and  becomes  viscid  from 
the  formation  of  oil  of  wine.  It  dissolves  an  additional  atom  of 
.  oxide  of  lead*  and  becomes  a  basic  salty  which  becomes  a  white 
mass,  and  is  very  soluble. 

Add  phosphate  of  oxide  of  elhi/l^  phosphmytnic  acidy  2HO,EO 
I    +PO^,  is  formed  on  mixing  alcohol  uith  a  concentrated  solu- 
tion of  phosphoric  acid^  with  the  evolution  of  much  heat;  if  the 
phosphoric  acid  is  diluted  so  that  its  density  does  not  exceed 
1.2,  it  is  not  in  a  state  to^decompose  alcohoL      Phosphrmnic 
I  acid  is  a  colourless,  syrupy  liquid,  of  an  acrid  and  very  »ciJi. 

taste,  more  stable  than  sulphovinic  acid,  as  it  may  be  boil 
I  without  decomposition,  even  when  diluted.     At  a  higher  tem] 
I  rature  it  is  decomposed,  giving  first  ether  and  alcohol^ 
I  inflammable  gases  and  a  carbonaceous  residue.     When  phoi^ 
r  phovinic  acid  is  treated  with   metallic  oxides,  the  two  atoms  rf 
I  basic  water  which  it  contains  are  separated  and  replaced  by  fijcrf 
base,  while  the  oxide  of  ethyl  remains^  a  tribasic  class  of  saki 
being  formed  like  the  ordinary  phosphates.     The  formula  of  ibe 
phosphate  of  ethyl  and  barytes  is  2BaO,EO  +  PO5  -f  1  a? HO.  The 
I  compounds  of  pyrophosphoric  acid  and  metaphospboric  add 
I  with  oxide  of  ethyl  have  not  yet  been  obtained  (Pelooae). 
I      Arseniate   of  oxide    of  ethyl,    arsenummic    addy  liO,d£0 
-f-As  O^,  contains  2   atoms    of  oxide  of  ethyl  and  1  itom  ot 
basic  water,  which  last  may  l>e  replaced  by  fixed  bases  (iyATr**V 
I      Nitrite   of   oxide   of  ethyl,   nitrous    ether,  C^HjO-fr-N^ 
E0,N03.     Nitric  acid  decomposes  alcohol  without  CMrTilrmu 
with  it.  This  ether  may  be  obtained,  however,  by  disttUing  d  parti 
of  strong  alcohol  with  *2  parts  of  nitric  acid  of  density  I3»ftpply» 
ing  occasionally  a  very  gentle  heat,  and  condensing  tti  a  reoeiiw 
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aurrouaded  by  ice.  But  as  prepared  with  nitric  acid,  by  this 
and  other  processes,  nitrous  ether  always  contains  aldehyde,  a 
product  of  the  oxidation  of  alcohol.  M.  Liebig  recommends  as 
the  best  process  for  nitrous  ether,  to  transmit  a  current  of  ni- 
trous acid  vapour,  obtained  by  heating  on  a  water-bath  a  spa- 
cious retort,  containing  1  part  of  starch  and  10  parts  of  nitric 
add  of  1.3,  through  a  mixture  of  2  parts  of  alcohol  of  85  per 
cent  and  L  part  of  water,  contained  in  a  bottle  of  two  tubulures, 
and  surrounded  by  cold  water.  The  nitrous  acid  is  immediately 
absorbed  by  the  alcohol,  and  combines  with  ether.  The  pro- 
duct, at  the  same  time,  distils  over,  and  may  be  conducted  from 
the  vessel  in  which  the  reaction  takes  place,  by  means  of  a  glass 
tnbe^  to  a  tube  condenser. 

Nitrous  ether,  in  a  state  of  purity,  is  a  volatile  liquid,  of  a 
pale  yellow  colour,  possessing  the  agreeable  odour  of  the  Nor- 
mandy rennet.  Its  density  at  59^  (15^  cent.)  is  0.947  ;  it  boils 
at  61.5^  {16 A^  cent.).  It  is  converted  by  the  tincture  of  hydrate 
of  potash  into  nitrate  of  potash  and  alcohol. 

Carbonate  qf  oxide  of  ethyls  carbonic  ether,  EO,COg;  ob- 
tained by  M.  Ettling,  by  the  action  of  potassium  or  sodiiun  on 
oxalic  ether ;  a  colourless  aromatic  liquid,  of  density  0.9(i5  at 
66Jfi  (19®  cent),  boiling  at  258.8"  (liG*' cent). 

Carbonate  of  oxide  of  ethyl  and  potash  j  KO,EO  +  Cfi^;  is  pre- 
pared by  dissolving  in  alcohol  hydrate  of  potash,  fused  and  still 
red  hot,  and  saturating  the  solution  with  dry  carbonic  acid  gas. 
When  purified,  it  crystallizes  in  silky  laminie,  soil  to  the  touch 
(Dumas  and  Peligot). 

Oxalate  of  ether,  oxalic  ether,  EO,C205.  The  following  pro- 
oeas  is  given  by  M.  Liebig,  from  Ettling,  for  the  preparation  of 
this  which  is  one  of  the  most  interesting  of  the  ethers.  A  mix- 
ture is  distilled  rapidly  of  4  parts  of  binoxalate  or  quadroxalate 
of  potash,  5  parts  of  oil  of  vitriol,  and  4  parts  of  alcohol  of  90 
percent  (0.818).  As  soon  as  the  liquid  which  passes  is  troubled 
by  an  addition  of  water,  it  contains  oxidic  ether,  and  is  collected 
in  a  receiver  which  is  not  cooled.  The  product  is  afterwards 
mixed  with  4  times  its  volume  of  water ;  the  ether  then  sepa- 
.  rates,  and  it  is  agitated  immediately  with  pure  water,  which  is 
renewed  frequently,  till  an  acid  re-action  ceases  to  be  mani- 
fested. 

The  washed  ether  is  rectified  ui  a  small  dry  retort,  which  is 
filled  to  9-lOths ;  as  soon  as  tiie  product  which  i>asses  is  colour- 
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Jess  Mid  transpareiiti  and  the  liquid  boils  tranquilly  in  the  relofCl 
hrithaut  bumping,  it  is  necessaiy  to  change  the  receiver^  for  from 
that  pefTod  the  oxalic  ether  distils  over,  pure  and  anhydrous. 
The  residue  in   the  retort  contains  some  tracer  of  oxalic  acii_ 
(TVaitc,  p.  350). 

L    Oxalic  ether  is  a  colourless  liquid,  of  an  aroroatic  odour ; 
hensity  1.0929,  and  boiling  point  363.2*  (180^  cent.).     Whc 
mure  it  may  be  kept  in  contact  with  water  for  several  dap  will 
but  deoompostttoQ,  but  if  it  contains  the  smallest  trace  of 
■CMr  alcohol,  it  is  decomposed  rapidly  into  oxalic  acid  and  aleob 
■The  fixed  alkalies  act  upon  it  in  the  same  manner  as  water. 
L     By  ammonia  or  solution  of  ammonia  in  excess,  oxalic  ether  1 
Bnstantly  decomposed,  a  beautiful  white  precipitate  of 
Km^  407)  appearing  and  alcohol  is  reproduced  r 

I       NH^  and  EO,CJO^^NU^,Cfi^  (oxamide)  and  EOjHO" 
I  (alcohol)* 

I      Omdaie  of  eiker  smi  wtandde^  or  oxamethane ;  EO,C,Oj+ 
lUH^CjO^  J  or  C^HyNOg,  is  a  substance  in  beautiful  white  cryi* 
Italliiie  leaflets,  formed  by  adding  alcohol  saturated  with  ammch 
luiaca]  gms  to  a  solution  of  oxalic  ether  in  alcohol.     It  is  fusitd^y 
Imbout  21 2%  distib  at  428^  (220^  cent)  without  alteration.     Fonfl 
liloms  of  the  hydrogen  of^this  compound  can  be  replaced  by 

I  chlorine,   and    chhroxionethane  formed,   C^  q^    NO^  wUdi 

Istiikingty  resembles  oxamethane  in  its  physical  propertieiy 
lud  is  even  believed  to  be  isomorphous  with  it. 
i  Oxaiaie  of  oxide  of  ethyl  and  poituh,  oxakmnaie  of  poimk^ 
wVXy^EO-hC^O^^.  This  salt  is  prepared  by  adding  to  a  soiutioo 
Eof  1  volume  of  oxalic  ether  in  2  volumes  of  alcohol^  somewhit 
I  less  than  half  the  potash  dissolved  in  alcohol,  which  would  bt 
IfequinTd  to  form  a  neutral  salt  with  the  oxalic  actd  of  the 
I  edier ;  the  salt  precipitates,  being  insoluble  in  tlie  aleohoL  It  ii 
ranhjfdrous, 

I  Add  ostdaie  of  oxide  of  ethyl  and  potash^  oxahvmic  atid, 
[  H0,E0-hC40ip,  is  obtained  by  treating  an  alcoholic  solutaoii  cf 
the  preceding  salt  with  hydrofluosilicic  acid,  or  by  decoi]i|iinii| 
with  caution  an  aqueous  solution  of  the  oxalate  of  etiiyt  waA 
Wytes  by  dilute  sulphuric  acid.  It  is  a  very  acid  liquid,  wliich 
it  deooopoaod  by  evapormtiom 

lie  of  oxide  of  ethyl  and  potash,  xanikmtt  «ifp9lmh 
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qfZeiie;  KO,EO+C3S4.  This  salt  contains  2  atoms  of  bisul- 
phmet  of  carbon,  united  with  1  of  potash  and  1  of  oxide  of 
fltliyL  It  is  formed  on  pouring  the  bisulphuret  of  carbbn  into 
•ba^iite  alcohol  saturated  cold  with  hydrate  of  potash,  and 
keeping  the  mixture  at  a  gentle  heat;  the  liquor  becomes  a 
csyiitalline  mass  of  the  salt  at  32*^.  The  salt  crystallizes  in 
edoorless  or  yellowish  crystals. 

Stiphocarbmate  of  oxide  of  ethyl  and  water  or  xanthie  acid, 
HO9EO+C3S4,  is  obtained  as  an  oily  liquid,  insoluble  in  water, 
when  the  preceding  potash  salt  is  decomposed  by  dilute  sul- 
phuric or  hydrochloric  add. 

Btetfannurate  of  oxide  of  ethyl,  cyanic  ether ^  SEO+2Cy303 
•f-6HO.  This  compound  was  obtained  by  Liebig  and  Woehler 
.  b^  directing  the  vapours  of  hydrated  cyanic  acid  into  a  mixture 
of  alcohol  and  ether,  as  long  as  they  were  absorbed.  The  com- 
pound crystallizes  after  twenty-four  hours'  repose,  and  is  puri- 
fied from  cyamelide,  with  which  it  is  accompanied,  by  solution 
ht  boiling  alcohol  or  water  and  a  second  crystallization.  Its 
Mlntion  is  neutral  to  test  paper,  and  it  does  not  form  compounds 
mA  metallic  oxides. 

Bemxoate  of  oxide  ethyl,  benzoic  ether,  €41150+ Ci4H503= 
BO^BzO.  This  is  a  liquid  ether,  of  density  1.0539  at  SO"  (10^ 
eent),  boiling  at  40d.2o  (210*  cent),  prepared  by  distilling  a 
WBafixae  of  4  parts  of  alcohol  of  83  per  cent.  (0.810)  with  2 
parts  of  crystallized  benzoic  acid,  and  I  part  of  concentrated  hy- 
dvodiloric  acid. 

•  Wppwrate  of  oxide  of  ethyl,  hippuric  ether,C^llfi-\-CiQlI^ 
O^  This  compound  was  j^st  prepared  by  Dr.  Stenhouse.  It 
ie  ^obtained  in  fine  crystalline  needles,  perfectly  white,  and  of  a 
jilliy  lustre.  The  crystals  are  not  volatile,  their  density  is 
1.M8  at  73.40  (230  cent.) ;  they  fuse  at  109.4^  (43*^  cent) 
-  Vkhroxucarbonic  ether,  C4H5O+C2O3CI.  This  name  has 
.  been  given  by  M.  Dumas  to  an  ethereal  liquid,  which  is  formed 
when  absolute  alcohol  is  brought  into  contact  with  chloro- 
eubpnic  acid  gas  (page  378).  Its  density  is  1.33  at  59^^ ;  it  boils 
'  afe201.2o  (94®cent.). 

Jffreihane,  Cfi*jO^.  This  substance  is  formed,  with  sal  am- 
moDiaCy  on  dissolving  the  preceding  compound  in  solution  of 
aounonia. '  Purified  by  distillation,  it  is  a  pearly-white,  crys- 
talline substance,  resembling  spermaceti ;    it  fuses  at  212^,  and 
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distils  without  change  at  356o  (180°  cent).  Uretfaanemif 
considered  as  a  chloroxicarbonic  ether,  in  which  the  cblofm  ii 
replaced  by  amidogen,  C^H^O  +  CgOa  (N  H  J-  It  may  alao  U 
looked  upon  as  the  product  of  the  combination  of  2  alaoui  of 
carbonic  ether  with  1  atom  of  urea,  2C5H^03 -f  CfO^^^ 
the  consideration  which  induced  M.  Dumas  to  give  it  the  name 
of  urethane. 

Same  other  compound  ethers  or  neutral  salta  of  oxide  of  ctlji 
will  be  described  under  their  respective  acids* 

TRANSFORMATIONS  OF  THE  BODIES  CONTAINING  ETHIT* 

The  compound  of  alcohol  and  chloride  of  zinc  was  fouod  hj 
M»  Masson  to  give  ether  and  water  when  heated  to  284%  md 
at  a  higher  temperature,  beti^een  S20**  and  392%  two  lit^uid  %- 
drocarbons;  one  boiling  at  212*  represented  by  Cgll^,  and  U»C 
other  boiUng  at  5720  (300*'  cent,)  C^H^;  the  sum  of  whidiii 
Ciglljfj,  exactly  the  composition  of  olefiant  gas.  The  liquid  loif 
known  as  oil  of  wine  is  probably  one  of  these  hydrucarbocdi 
It  is  found  in  the  retort  from  which  a  considerable  quantity  «f 
crude  ether  has  been  distilled  off  lime. 

Sulphate  of  oxide  ofethifl  aiid of  etherole^  C4H^O^C^H4  +  S^Q^ 
long  known  as  the  sweet  oil  of  wine  or  the  heav$  oil  of  iHm^ 
Tins  compound  arises  from  the  decomposition  of  the  ocolnl 
sulphate  of  oxide  of  ethyl,  which  cannot  exist  in  an  isolitel 
state,  and  is  best  obtained  by  distiUing  3  atoms  of  the  sutpho' 
vinute  of  lime  with  1  atom  of  caustic  lime ;  these  girc  I 
of  sulphate  of  oxide  of  ethy)  and  etherole,  I  atom  of  J 
and  4  atoms  of  sulphate  of  lime.  The  sulphate  of  oside  of 
ethyl  and  of  etherole  is  a  colourless  oily  and  aromatic  hspoAf 
of  density  1.33,  boiling  at  b^^""  (280"  cent.],  and  capable  of  bdm 
distilled  without  alteration^  if  free  from  water.  It  is  deQaai|ioici 
by  water  and  by  acids  into  sulphoviuic  add  and  ethcrQb> 
Etherole^  first  observed  hy  Mr.  lienuel,  and  aeomettmes  caUel 
the  light  oil  of  wine,  b  an  oily  liquid,  of  density  0.917^  boilim 
at  5^6""*  Etherole  submitted  to  a  low  temperature,  depooli 
crystals  of  etherine^  which  are  long  prisms  of  great  lustre,  i^Mmg 
at  230''  and  boiling  at  500"  (260*'  cent.) ;  of  density  a.ll4>a.  The« 
two  compounds  are  isomeric,  and  consist  of  carbon  and  bjdf<^ 
gen,  in  the  same  proportions  as  in  olefiantgas. 

Ethiomc  and  iaethionic  acids^  produced  by  M»  MagntiSi  by 
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the  action  of  anhydrous  auJphuric  acid  on  absolute  alcohol.  A 
crystalline  compound  of  oiefiant  gas  and  anhydrous  sulphuric 
was  obtained  by  M.  Regnault,  which  may  be  separated  by  C^H^ 
-f  4SO3J  or  by  C^H40jS20^-h2SO.^,  that  is,  as  containing  hypo- 
sulphuric  acid  united  witli  another  base,  different  from  oxide  of 
ethyl,  with  sulphuric  acid.  A  crystalline  compound  was  also 
obtained  by  Magnus,  by  exposing  absolute  alcohol  to  the  yapour 
of  anhydrous  sulphuric  acid,  and  named  by  hira  carbyky  which 
appears  to  be  the  same.  Saturated  with  carbonate  of  barj^tes, 
carbyle  ga%*e  free  sulphuric  acid  and  the  soluble  eihlonate  of 
baryieSf  which  last  contains  the  same  elements  as  sulphovinate 
of  barytes,  indicating  the  assumption  of  the  elements  of  an  atom 
of  water  by  the  carbyle.  Ethionie  acid  may  be  procured  by 
adding  dilute  sulphuric  acid  cautiously  to  a  solution  of  ethionate 
of  barytes.  It  is  a  compound  of  small  stability,  and  is  decom- 
posed by  boiling  like  sulphoviiiic  acid^  gi\ing  alcohol  and  isethi* 
[omc  acid^  the  last  of  which  does  not  undergo  farther  decompo- 
sition. The  salts  of  tlie  latter  are  likewise  isomeric^  when  dried, 
with  the  sulphovinates.  Isethionic  acid  may  be  concentrated, 
and  stands  302**  (150"  cent)  without  decomposition.  All  its 
;  salts  are  neutral  to  test-paper,  and  are  also  remarkably  stable, 
supporting  a  temperature  of  482**  (25tr  cent)  without  decom- 
position. When  fused  with  an  alkaline  hydrate,  they  leave  as  a 
"  residue  a  mixture  of  the  sulphite  and  sulphate  of  the  alkali, 
r6MQ  which  it  is  inferred  that  they  contain  hyposulphuric  acid, 
^H  not  sulphuric  acid. 

^^bttfdonate  of  barytes  is  prepared  by  passing  pure  oiefiant  gas 
Ihrottgh  anhydrous  sulphuric  acid,  in  the  liquid  state ;  or  by 
satar»ting  ether  in  a  flask  surrounded  with  ice,  by  the  same 
|m|^  The  acid  solution  is  afterwards  boiled,  so  long  as  alcohol 
^^phgogaged,  and  then  saturated  with  carbonate  of  baryles. 
^bis  salt  is  represented  by  BaO,C4H502  +  S205.  /setAwnale 
crystallizes  in  regular  octofaedrons,  of  an  emerald 
colour,  containing  2  atoms  of  water  of  crystallization, 
they  lose  at  482**  (250**  cent,},  and  become  white  and 
}iie.  From  none  of  these  salts  can  alcohol  or  ether  be  de- 
iRf^;  tJjeydonot,  tlierefore,  contain  ethyl. 

Two  other  acids  of  this  class  have  been  obtained,  meihiomc 
ijttCM^  by  saturating  ether  with  anhydrous  sulphuric  acid,  without 
loooling  the  mixture,  of  which  the  salt  of  barytes,  BaOjC^HaSjO,, 
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is  insoluble  in  alcohal ;  and  aUhionic  acidy  which  is  found  b 
residue  of  the  preparation  of  olefiant  gas  by  meaDs  of  al 
and  sulphuric  acid,  of  which  the  salts  are  isomeric  with  the  snl- 
phovinates,  although  distinguishable  from  them  by  their  proper- 
ties (Ettliog,  Eegnault). 

The  compounds  which  follow  are  derived  from  the 
of  alcohol  and  its  derivatives. 


SECTION    IIL 


ACEn  L  SERIES  OF  COMPOUNDS* 


Acetyl  0^113=  Ac :  a  hypothetical  radical,  produced  by  the 
abstraction  of  2  atoms  of  oxygen  from  ethyl,  by  oxidatiJig  pro* 
cesses,  and  which  pervades  a  series  of  compounds^  including 
acetic  acid,  from  which  it  derives  its  name. 

The  following  are  the  oxygen  compounds  of  acetyL 


Acetyl       .... 

Oxide  of  acetyl 

Hydrate  of  oxide  of  acetyl 

Acetous  acid 
Acetic  acid 


C.H3 

C4H3O    .  unknown 

C4H3O  -h  HO  aldehyde 
C.H^Oa  +  no  aldehydic  icid 
C4H,0,  ^-  HO  acetic  add. 


HYDRATE  OF  THE  OXIDE  OF  ACETYL,  OR  ALDEHYDE.* 

Formula,  C^HaO-f  IIO,  It  will  be  observed  that  aUcii|dr 
occupies  the  same  place  in  the  acetyl  series  that  alcohol  does  ia 
the  ethyl  series.  It  was  obtained  in  an  impure  state  by  Do* 
bereiner,  and  afterwards  isolated,  and  its  true  nature  ascextiuAol 
by  Liehig,  Aldehyde  is  formed  by  the  action  of  oxidtlini 
bodies  upon  alcoholj  by  which  2  atoms  of  hydrogen  ve  ib- 
stracted,  and  the  elements  of  aldehyde  left.  It  is  occmaaoflitBj 
produced  during  the  absorption  by  alcohol  of  oxygen  firoBi  tkf 
air,  in  the  process  of  acetification,  and  is  a  product  of  the  aelM 
of  dilute  nitric  acid  upon  alcohol,  but  it  is  usually  preptfted  ly 
the  action  of  dilute  sutphuric  acid  with  peroxide  of  znangsmw 
upon  alcohol, 

*  Froiu  aicQktti  dthfdrogtfwiwm. 


ALDEHYDE, 

To  prepare  aJdehyde,  a  mixture  is  distilled  by  a  gentle  heat  of 
i  parts  of  solphuric  actdj  4  parts  of  water,  and  4  parts  of  recti- 
fied spirits  of  wine,  and  the  product  carefully  condensed,  so  long 
19  chemical  action  appears  to  take  place  from  the  frothing  up 
of  the  materials  in  the  retort*  The  distilled  liquid,  which  is  a 
mixture  of  aldehyde  with  water  and  several  other  secondary  pro- 
ducts, is  distilled  by  a  water- bath  from  an  equal  weight  of  chlo- 
ride of  calcium,  till  one  half  of  it  passes  over.  But  to  free  the 
aldehyde  from  foreign  bodies,  it  is  necessary  to  unite  it  with 
ammonia ;  the  product  of  the  last  distillation  is  therefore  diluted 
with  an  equal  volume  of  ether,  and  the  mixture  saturated  at  a 
low  temperature  with  ammoniacal  gas ;  the  compound,  or  am- 
monia-aldehyde is  deposited  in  colourless  crystals,  which  are 
afterwards  washed  with  ether  and  dried  in  air.  Two  parts  of 
ammonia'aldehyde  dissolved  in  2  parts  of  water  are  distilled 
with  3  parts  of  sulphuric  acid  diluted  with  4  parts  of  water,  and 
the  product  condensed  in  a  receiver  surrounded  with  ice.  It  is 
afterwards  rectified  from  cliloride  of  calcium,  by  a  heat  not  ex* 
ceeding  77  or  86''  (25  or  30**  cent.). 

Aldehyde  is  a  colourless,  highly-fluid  liquid,  of  a  peculiar 
ethereal  and  suffocating  odour,  boiling  at  71-^!**  (22*  cent.)  of 
density  0,790  at  64,4'*  (IB**  cent*) ,  neutral,  and  very  combustible^ 
It  is  miscible  with  water,  alcohol  and  ether.  It  changes  in  the 
air  into  acetic  acid  by  absorption  of  oxygen.  It  dissolves  phos- 
phorus, sulphur  and  iodine. 

When  pure  and  anhydrous  aldehyde  is  kept  for  some  time 
at  32%  it  gradually  loses  its  power  to  mix  with  water,  and  is 
Innaformed  into  a  coherent  mass,  composed  of  long  transparent 
needles^  resembling  icy  spiculfle.  This  is  Mlafdeki/de,  wiiich  in 
similar  in  composition  to  aldehyde,  but  of  three  times  the  atomic 
weight,  judging  from  the  'density  of  its  vapour.  Elaldehyde 
fuses  at  35.fi«  (2'*  cent),  and  boils  at  201.2'*  (94**  cent.). 

Metaldehyde  is  another  product  of  the  condensation  of  the 
dements  of  aldehyde,  which  appears  at  the  ordinary  temperature 
in  aldehyde  left  for  some  time  in  a  well-stopped  phial,  in  the 
form  of  white  and  transparent  needles,  or  colourless  prisms, 
which  gradually  attain  a  certain  magnitude.  It  sublimes  at 
2W*  without  fusing,  and  condenses  in  the  air  in  snowy  and  very 
Ught  flocks.  It  is  insoluble  in  water,  but  dissolves  easily  in 
alcohol.     The  density  of  its  vapour  has  not  been  determined. 
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Aldehyde  is  capable  of  combiuing  directly  with  ammonia  tnd 
potash,  thus  evincing  an  approach  to  the  acid  character. 

Anmionia-aldehyde^  C^HgOjNHg  +  HO,  crystallines  ia  acnto 
rbombohedrons,  which  are  transparent,  and  of  grant  lustit. 
Tliese  crystals  fuse  between  70  and  80*  cent,  and  distil  witboui 
alteration  at  100"  cent, 

Acetaly  or  compound  of  aldehyde  with  ether ^  AcO,EO  +  HO= 
CgHg033  was  discovered  by  Dobereiner,  and  is  for  ihit 

action  of  platinum  l>lack  on  the  vapour  of  alcohol   ^  i  •  [te- 

sence  of  oxygen*  Acetal  is  a  colourless  very  fluid  liquid,  hmTW% 
a  peculiar  odour,  suggesting  that  of  Hungary  wines.  It  boiU  il 
95,2"  cent,^  its  density  is  0,823  at  2(f  cent.  It  is  »oldbte  iii6 
or  7  parts  of  water,  and  mixes  with  alcohol  in  all  piopo^ 
tions. 

Resin  of  aldehyde  is  a  product  of  the  decompositiaii  ol  dAh 
hyde  by  alkalies,  with  the  assistance  of  air. 

ACETOUS  OR  ALDEHVDIC  ACID. 

Formula  of  the  hydrated  acid,  C^HaOg-f  riO=AcO^4H0. 
This  acid  is  formed  when  aldeliyde  is  heated  in  contact  vkh 
oxide  of  silver,  one  half  of  the  oxide  being  reduced  to  tlie  rat* 
taUic  state,  while  the  other  half  unites  with  the  aldehydic  tod 
formed.  If  to  water  in  a  test-tube  containing  a  lew  drops  of 
aldehyde^  a  little  nitrate  of  silver  be  added^  and  amroania  Mis 
to  precipitate  the  oxide  of  silver,  and  then  the  tube  be  rspifl) 
heated  by  the  flame  of  a  spirit-lamp,  the  silver  is  deposited  oa 
the  tube  with  a  bright  surface,  hke  a  mirror,  and  fcrsn  i 
beautiful  experiment.  When  the  salts  of  this  acid  are  cnpcK 
rated,  they  become  brown,  and  undergo  decomposition. 

ACETIC  ACm. 

Formula  of  the  hydrated  acid  HO-hC^HjO3=HO+Ai?0,. 

Vinegar  has  long  been  derived  by  the  action  of  air  upooala^ 
holic  liquors,  such  as  wdne  and  beer,  but  the  recnarkabta 
very  of  Dr.  J,  Davy,  that  platinum  black  in  caotact  with 
became  incandescent,  and  gave  rise  to  acetic  acid,  firsi  led  Dob^ 
reiner  to  the  discovery  that  alcohol  by  absorbing  OJLjgen,  fii* 
rise  to  water  and  aoctic  acid,  without  disengaging  carboiuc  9mL 
He  found  tloat  the  elements  of  I  atom  of  alcohol  absorb  4 
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of  oKj^gen,  with  the  formation  of  1  atom  of  anhydrous  acetic  acid, 
and  3  atoms  of  water: 

C^HgOa  and  40=0^11303  and  3HO. 
or  C^HgO  +  HO  and  40=HO,C^H303, + 2HO. 

Hence,  when  alcohol  is  converted  into  acetic  acid,  2  atoms  of 
■CTgeu  are  directly  absorbed,  and  2  atoms  of  oxygen  convert  2 
I  of  hydrogen  into  water.     The  atom  of  water  of  the  alco- 

and  the  2  atoms  of  water  produced,  are  all  retained,  and 
a  remaricable  terhydrate  of  acetic  acid. 
-    Pore  alcohol,  diluted  with  water  and  exposed  to  air,  does  not 
wMHy;  the  presence  of  some  foreign  organic  matters,  which 

;  in  wine  and  beer,  is  necessary  to  act  as  a  ferment,  and  to 
the  alcohol  in  a  condition  to  absorb  oxygen.      This  fer- 

;  is  no  doubt  an  oxidable  azotised  matter.  Some  kinds  of 
r,  in  which  the  ferment  has  been  completely  exhausted  and 
pncipitated  by  a  preceding  highly-protracted  vinous  fermenta- 
lion,  such  as  die  Bavarian  beer,  are  not  liable  to  become  sour  or 
jpndago  the  acetous  fermentation.  The  rapid  process  of  acidi- 
^Ang  alcohol,  introduced  into  Germany  by  MM.  Wageman  and 
IdniBenbach,  is  the  most  interesting,  in  a  scientific  point  of  view. 
^V  Strong  alijohol  is  diluted  with  4  or  6  parts  of  water,  and  about 
k«»iOOOth  of  yeast,  must  of  beer,  vinegar  or  honey  added  to  it. 
pQ  acidify  this  liquid,  it  is  heated  to  7^  or  80%  and  made  to 
Iridde  through  a  cask,  filled  with  beech-  fig.  95. 

fiwd  shavings,  (Fig.   95),  and  pierced     ^ 
Mtk  holes  at  top  and  bottom  to  allow  a  ^jjuuf  p|im»ii 
gfanilation  of  air  through  it.     From  the  f  Jj^UU^IJ^ 
pnat  surface  exposed  by  the  liquid,  the  1 
facnption  of  oxygen  is  most  rapid,  and  { 
hm  temperature  rises  to   100  or  104^ 
Whm,  the  liquid  has  been  passed  three 
ir^  fimr  times  through  the  barrel,  at  the  ' 
§gfi  temperatore,  all  the  alcohol  it  con* 
liM  is  dianged  into  vin^ar;  an  operar 
bm  irhich  may  be  completed  in  twenty- 
him  or  thirty-six  hours.    The  addition  of 
Mtiin  aromatic  substances,  such  as  the 
■Kiiifiiil  oils,  or  a  mere  trace  of  wood  vinegar,  entirely  prevents 
he  addificadon  of  the  dcohoL 
Wood  fmeffer,  or  pyroligneous  acid  is  prepared  on  a  iai^ 
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scale  by  the  distillation  of  wood,  generally  that  of  oak  cofipiee 
deprived  of  the  bark,  which  is  used  in  tanning.  Tlie  watery 
fluid  containing  the  acid,  and  tarry  matter  which  distil  orv 
together,  are  aeparatcd,  mechanically,  in  a  great  measure,  by 
subsidence.  The  acid  may  be  freed  from  a  portion  of  the  etn- 
pyreumatic  oils  it  holds  in  solution,  by  a  single  distillation  *  It 
is  purified  completely  by  neutralising  it  with  lime,  crystaUioaii; 
the  acetate  of  lime  repeatedly,  decomposing  the  latter  by  ral- 
phate  of  soda,  and  fusing  the  acetate  of  soda  by  a  high  tetnpafa^ 
ture,  at  which  the  empyreumatic  matters  are  Tolatilisod  «r 
destroyed.  By  distilling  3  parts  of  the  acetate  of  soda,  wtH 
dried  and  in  powder,  with  9*7  parts  of  sulphuric  acid,  a  higbtf 
concentrated  and  pure  acetic  acid  is  obtained. 

The  proportions  last  mentioned  give  2  parts  of  a  hydrat«d 
acetic  acid,  which  is  distilled  again,  and  the  two  Inst  thifdA  of 
distilled  liquid  exposed  to  24  or  25**,  for  the  protohydimtc  d 
acetic  acid,  which  crystallizes*  The  crystals  may  be  drunedL 
fused,  and  crystallized  again,  to  obtain  the  hydrate  d*  aeelk 
acid  in  a  state  of  purity.  Below  63%  the  hydrate  cryslaUiaei  ii 
shining  transparent  plates  or  tables,  which  fuse  above  63*  ialo  i 
limpid  liquid,  of  density  1.063  ;  it  boils  at  24^**.  The  odoorif 
this  acid  is  penetrating  and  characteristic ;  it  forma  blistos  oi 
the  skin,  Ukea  mineral  acid.  The  liquid  acid  mixes  with  waM 
alcohol,  ether,  and  several  essential  oils  in  all  proportions*  It 
dissolves  camphor  and  some  resins.  The  vapour  of  tlie  add  in  i 
state  of  ebullition  may  be  kindled,  and  bums  with  a  pale  Mat 
fiame^  producing  water  and  carbonic  acid.  Nitric  acid  &es  lid 
action  on  acetic  acid;  sulphuric  acid  with  heat  blackeiu Mfllv 
acid,  with  an  evolution  of  sulphurous  acid. 

Acetic  acid  increases  somewhat  in  density  by  a  slight  dill* 
tion ;  the  greatest  condensation  occurring  in  the  hydfKte  cm' 
sisting  of  I  atom  of  anhydrous  acid  and  3  atoms  of  wal0;lil 
which  the  density  is  IX)/.  The  strength  of  a  dilute  acetic  aoi 
is  best  ascertained  by  the  quantity  of  marble  it  dissolri^* 

Acetic  acid  forms  neutral  salts,  and  with  many  metallic  a&* 
ides  sub-salts  containing  2  and  3  atoms  of  base  to  I  atom  itf 
acid.  Most  of  its  neutral  salts  are  soluble.  It  10  Hifiogr 
nised  in  combination  by  the  peculiar  odour  of  acetic  add  ew^Ani 
when  concentrated  sulphuric  acid  is  added.  M.  Liebtg  reooiii* 
mends  as  the  most  certain  means  of  discovering  the  pro^enoe  rf 
acetic  acid,  or  of  an  acetate  in  any  substance,  to  diatil  it  with 
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dilute  sulphuric  acid,  and  to  place  the  product  in  contact  with 
•side  of  lead  in  the  cold.  If  there  is  any  acetic  acid  present, 
010  oxide  of  lead  dissolves,  and  the  solution  exhibits  an  alkaline 
Miction.  (Trutd,  L  398). 

jleeiaie  of  oxide  of  ethyl,  acetic  ether,  €41150+0411303= 
BOyA.  Alcohol  is  only  decomposed  to  a  small  extent  when 
dbtUIed  with  strong  acetic  acid.  Tlie  ether  is  prepared  by  dis- 
HHmj]:.  with  a  heat  moderate  at  first,  but  afterwards  increased, 
4^  parts  of  strong  alcohol  and  6  parts  of  concentrated  sulphuric 
,  previously  mixed  and  cooled,  with  lt>  parts  of  anhydrous 
of  lead.  The  product  is  neutralised  with  a  little  lime, 
1  poured  over  an  equal  bulk  of  chloride  of  calcium  in  a  tubu- 
retort,  and  distilled  again  by  a  water-bath.  Acetic  ether 
It  a  liquid  of  an  agreeable  refreshing  odour,  and  is  the  source 
I  refreshing  odour  of  some  kinds  of  vinegar  which  contain 
Its  density  is  0.89  at  59"*;  it  boils  at  1(>5.2<'  (74'' centig.). 
ether  is  soluble  in  7  parts  of  water,  and  in  alcohol  and 
in  all  proportions.  It  is  decomposed  by  alkalies  with  the 
st  facility. 
Acetic  acid  forms  neutral  and  bisalts  with  the  alkalies.  The 
piMtral  solution  of  acetate  of  ammonia,  die  spirits  of  mindererus. 
Is  used  in  medicine.  Acetate  of  potash  is  a  foliated  crystalline 
anhydrous,  and  slightly  deliquescent.  Acetate  of  soda 
with  6  atoms  of  water;  it  is  soluble  in  three  times 
I  weight  of  cold  water,  and  in  five  times  its  weight  of  alcohol. 
is  saline,  cooling  and  agreeable.  Acetate  of  barytes 
I  below  59^  with  3  atoms  of  water,  and  is  isomorphous 
itteetate  of  lead ;  at  a  higher  temperature  it  crystallizes  Mrith 
1  fltom  of  water.  It  is  very  soluble  in  water,  and  more  so  at  a 
fa#  than  at  a  high  temperature.  Acetate  of  strontian  crystal- 
below  59**  (1 5"  cent.)  contains  4  atoms  of  water,  and  crys- 
!  above  that  temperature  only  half  an  equivalent  of  water. 
of  lime  crystallizes  with  water.  A  concentrated  and 
solution  of  it  treated  with  sulphate  of  soda,  in  the 
ion  of  acetate  of  soda,  allows  a  double  sulphate  of 
BmB  €md  soda  to  precipitate.  Acetate  of  magnesia  is  very 
^ilnhlfi,  and  crystallizes  with  difficulty. 

Aketaie  of  alumina  is  obtained  in  solution,  when  acetate  of  lead 
lisrjrtes  or  lime  is  precipitated  by  sul2)hate  of  alumina,  and  is 
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much  used  in  dyeing.     This  sait  is  decomposed  in  dryings  of  by 
a  slight  heat^  into  free  acetic  acid  and  a  subacetate  of  almxiinA 
which  is  insoluble.     The  solution  of  the  pure  salt  may  be  boiled 
wthout  decomposition^  but  if  sulphate  of  potash,  or  any  otbiT 
neutral  salt  of  an  alkali  be  present,  tlic  solution  becomes  turbid 
when  heated,  and  a  basic  salt  precipitates,  which  dissoU^es  agiin 
on  coohng  (Gay-Lussac),     Acetate  of  manganese  is  ase<l  in  dye- 
ing, and  is  prepared  for  that  purpose  by  mixing  acetate  of  lime 
with  sulphate  of  manganese.     This  salt  is  crystalUsable*    dee* 
tate  of  zhic  crystallizes  with  3  atoms  of  water.    Aeeiate^itfmm: 
a   mixture  of  the  acetates  of  protoxide  and  peroxide  of  inm, 
employed  as  a  mordant  for  dyeing  black,  is  prepared  directly  by 
dissolving  old  iron  hoops,  8cc.  in  crude  wood  vinegar^  with  iceea 
of  air*     The  acetates  of  lead  have  already  been   described  (pa|» 
594);  vAso  the  acetates  of  copper  (page  584),  acetate  of  hkik 
oxide   of  mercury    (page    653),   and   acetate    of    sttrer  (jnfe 
67.3). 


SECTION     IV. 


PRODUCTS  OP  THR  ACTION  OF  CHtORrNE,  BRO 
UFON  ETHVL,  ACETVX,  AND  THEIR  Cm 

Oxic/iioride  of  ethyl^  C^H^C\^0^{\\  is  an  oily  >... 
liquid,  obtained  by  saturating  anhydrous  ether  with  dry 
chlorine,  coohng  the  mixture  at  the  beginning,  and  hcalifif  i« 
towards  the  end  of  the  operation.  As  in  the  fomuitifMi  of  acetic 
acid,  2  atoms  of  hydrogen  are  oxidated  and  ^itbdrj^im  by 
.J|||ie  action  of  the  oxygen  of  the  air  upon  alcohol^  and  n» 
piaced  by  2  atoms  of  oxygen^  so  in  the  action  of  cUk 
rine  upon  alcohol,  a  similar  change  occurs,  of  whidi  tiit 
product  is  the  oxichloride  of  acetyl.  When  heated  with 
potassium y  this  compound  gives  chloride  of  potassjnm,  mA 
a  gaseous  body,  containing  only  half  the  chlorine  in  the  oiig^ 
substance,  or  C^IT^CIO,  {l)^  observed  by  Mala^uti.  By  tta 
action  of  chlorine  upon  the  vapour  of  pure  ether  iii  run^dliilt 
Regnault  obtained  another  crystalline  compound  C4CI^0,  {% 
in  wliicli  tlie  whole  hydrogen  of  ether  is  replaced  by  chbrtn^' 
Felix  d'Arcet  has  also  observed  an   accessory  product  in  the 
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prepuration  of  Dutch  liquid,  which  had  the  composition 
C4H4CIO,  (4).  It  is  named  chhretheral  by  him.  It  will  be  ob- 
that  the  fourth,  first  and  third  of  these  bodies  are  com- 
in  which  1, 2  and  5  atoms  of  the  hydrogen  of  chloride 
«f  ethyl  are  replaoBd  by  chlorine,  without  any  other  change  of 
ADiiqpoailaon.    They  are  all  neutral  bodies. 

Ouritul^fkmret  of  acetyl,  C4H3S2O;  a  compound  in  which  2 
mtnuim  of  the  hydrogen  of  oxide  of  ethyl  are  replaced  by  2  atoms 
^f^nlphuTy  ia  obtained  by  the  action  of  sulphuretted  hydrogen 
the  oxichloride  of  acetyL  Another  compound  is  formed 
lame  time,  in  which  I  atom  of  chlorine  remains,  and  only 
of  sulphur  is  introduced,  C4H3CISO. 
.  idceiaie  of  oxiehioride  of  acetyl,  C4H3CL2O+A,  a  body  formed 
^  %he  action  of  chlorine  upon  acetic  ether,  in  which  2  atoms 
itf  ibe  hydrogen  of  the  ether  are  replaced  by  2  atoms  of  chlo- 
nnei  or  the  oxichloride  of  acetyl  is  formed,  and  continues  in 
eombination  with  the  ace  tic  acid.  The  benzoate  of  oxide  of 
€tiiyl  gives  a  compound,  of  which  the  formula  is  BzCl  4-04113 

ca,o. 

Chhroxalic  ether y  €501504  or  C4CI5O+C2O3;  formed  by 
^  ^Ifft  action  of  chlorine  on  oxalic  ether,  crystallizable,  fusible  at 
''^  «!•,  not  volatile.  Cloroxamethane,  CeCl404+CaOa,NH2; 
'  fimned  by  the  action  of  ammoniacal  gas  on  the  ether,  crystal- 
liilibi  fuses  at  273^  boils  above  392^  volatile.  Chhroxalovi- 
; '  iife-acjrf  is  obtained  by  the  action  of  solution  of  ammonia  upon 

IHpmxamethane  (Malaguti,  An.  de  Chim.  Ixxiv,  299). 
"  tihaUoTide  of  acetyl,  ifc. — ^The  following  table  exhibits  the  com- 
and  some  of  the  properties  of  the  series  of  compounds 
by  Regnault,  by  treating  the  chloride  of  ethyl  and  the 
dots  thus  obtained,  successively  with  chlorine  (An.  de  Ch. 
S5S): 


4  vol. 


iIT:- 

% 

Density 

Spec.  gnv. 

Boiling  point,      of  r«pour. 

Ifir 

C^HjCl, 

0.874* 

ll'centig.      2219 

9i' 

C^H^CI, 

1.174 

64*    ..           8478 

91' 

C^HjCl, 

1.372 

75»    ..            4530 

m-.'     • 

'C,H,a, 

1.5S0 

102»    ..           5799 

,' 

C^HiCl, 

1.644 

146*    ..            6975 

•  At  11*  cent. ;  th.  otben  between  18  and  20°  cent. 
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Formula:  C4HCl30.^=C^Cl80-fHO. 

This  sin^lar  liquiflj  of  which  we  owe  the  discovery  to  Liel%, 
tnay  be  considered  as  the  hydrate  of  oxide  of  acetyl  (aldeiiyd«X 
in   which  the    whole   hydrogen  of  the  acetyl  is  replaced  bj 

chlorine : 


Hydrate  of  oxide  of  acetyl    •     •     •    C4H  3O  -f  HO. 
Chloral      .........    C^CljO+HO. 


I 


It  cannot,  however,  be  prepared  directly  by  the  actirm 
cidorine  upon  aldehyde,  owing  to  the  facility  with  whici 
latter  body  changes,  but  it  is  the  ultimate  product  of  Uie  aetioo 
of  cidorine  upon  anhydrous  alcohoL  It  is  reconamended  in 
preparing  chloral,  to  introduce  a  few  ounces  of  perfectly  anhy- 
drous alcohol  into  the  body  of  a  tubulated  retort,  supported 
with  its  beak  somewhat  elevated,  and  with  a  glassy  tube  adapted 
by  a  cork  to  the  mouth,  and  directed  upwards,  so  tlmt  wliit 
condenses  may  flow  back  into  the  body  of  the  retort,  CKkvilK 
gas  carefully  dried  by  being  passed  through  ;  '  '  ]o  acid, 
which  is  renewed  from  time  to  time  during  tlic  ;  ,  is  cob* 

ducted  by  a  tube  entering  the  tubulure  of  the  retort,  stid  madl 
to  stream  through  the  alcohol,  the  body  of  tlie  r^;  '  '-q 
immersed  in  cold  water  to  keep  it  cool  at  the  beg  ^     j* 

afterw^ards  heated  to  assist  in  expelling  the  hydrochloric  nod 
formed^  towards  the  end  of  the  process.  An  immense  qaaoAjr 
of  chlorine  is  required,  and  the  gas  may  continue  to  l>e  aUiaorbcd 
by  &  few  ounces  of  alcohol  for  twelve  or  fifteen  hours.  Tic 
operation  is  complete  when  the  chlorine  traverses  ihe  boiSi^ 
liquid  without  any  disengagement  of  hydrochloric  acid;  a  dnt# 
oleaginous  liquid,  the  hydrate  of  cidoral,  is  obtained^ 
often  becomes  a  solid  mass  on  cooling.  The  mass  is  fuscu  ii>  ^^ 
gentle  heat,  and  mixed  in  a  well-stupt  bottle,  with  two  or  thitf 
times  its  bulk  of  oil  of  vitriol,  and  tlie  mixrure  gently  heated  by 
a  water- bath  5  the  impure  chloral  comes  to  the  surface  oftk* 
liquid,  in  the  form  of  a  limpid  oil.  It  is  drawn  uf[^  and  liaiM 
for  some  time  to  expel  free  hydrochloric  acid  and  ulcoltolf  as' 
then  distilled  from  an  equal  bulk  of  sulphuric  acid»  to  dcprif* 
it  of  adhering  water.  The  last  product  is  pure  ehloral,  cxccp* 
a  little  hydrochloric  acid,  wluch  is  sei^bFated  by  dtsliUiiif 
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quicklime  slaked  and  recently  ignited,  discontinuing  the 
distillation  when  the  lime  in  the  retort  is  no  longer  covered 
by  the  liquid ;  the  product  obtained  is  cldoral,  perfectly  pure. 
(Ltebig). 

Chloral  is  a  pretty  fluid  oleaginous  liquid,  colourless,  greasy  to 
the  touch,  having  a  penetrating  disagreeable  odour  which  pro- 
vokes tears ;  its  taste  is  first  oily  and  then  caustic.  Its  density 
is  1.502  at  G4.4^  (18*'  cent.),  and  it  boils  at  201.2**  (94**  cent.) 
distilling  without  alteration ;  the  density  of  its  vapour  is  very 
Dearly  5000,  and  its  combining  measure,  4  volumes  (Dumas). 
Chloral  is  miscible  vnth  alcohol  and  ether ;  it  dissolves,  appa- 
rently without  alteration,  sulphur,  pJiosphurus  and  iodine^  with 
the  aid  of  heat. 

Hydrate  of  chloraL^C\\\oTv\  is  first  obtained  firora  alcohol  in 

the  state  of  a  hydrate,  the  water  being  derived  from  a  reaction 

of  the  nascent  hydrucliloric  acid  and  alcohol,  which  gives  rise  to 

ifmter  and  chloride  of  ethyl.     When  pure  chloral  is  brought  hi 

oootact  with  a  small  quantity  of  water,  combination  takes  place 

immediately  on  nxixing  the  liquids^  witli  cTolution  of  heat,  and 

fll  a  few  neconds  the  compound  is  deposited  as  a  crystalline 

mass,  composed  of  needles,  which  re-dissolve  in  a  larger  quan- 

Jj^  of  water.      By  evaporation  of  the  solution  in  vacuo,  the 

^Klpound  is  obtained  in  large  rhombohedral  crystals,   which 

^Sit^iin    2   atoms   of  water.     The  solution  of  the  hydrate  of 

chloral  is  neutral,  and  lias  no  action  on  red  oxkle  of  mercury ; 

the  dry  hydrate  may  be  distilled  without  change. 

Jfuoluble  chloraL^hike  aldehyde  pure  chloral  cannot  be  kept 
long  without  alteration.  It  gradually  passes  into  a  solid  mass 
reaembling  porcelain,  without  change  of  weight,  ami  equally 
bAfether  contained  in  vessels  which  are  hermetically  sealed  or 
H^l).  This  mass  is  not  dissolved  by  water,  but  when  placed 
IQ  outitact  with  a  very  small  quantity  of  water,  it  slowly  changes 
into  the  crystalline  hydrated  chloral,  which  dissolves  at  once 
iheii  a  large  quantity  of  water  is  added  to  iU  Insoluble  chloral 
11  naodified  by  contact  with  sulphuric  acid,  and  somewhat  altered 
ill  composition  ;  when  washed  with  water  it  loses  a  little  hydro- 
chloric iicid,  and  acquires  some  water.  The  formula  assigned  to 
modified  insoluble  chhral  is  Cj.^  11^  Cl^  O^ :  which  is  3  atoms  of 
cUural,  minus  1  atom  of  liydrochloric  acid  plus  2  atoms  of 
tateT. 
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Sidphuret  of  ether  with  chlorine, — Regnault  has  obserred 
the  sulphuret  of  ethyl  is  powerfully  acted  upon  by  chlorine, 
with  the  assistance  of  light ;  4  atoms  of  hydrogen  are  replaced 
by  4  atoms  of  chlorine,  and  the  compound  C^  Cl^  HS  fbrmed, 
which  is  a  fetid  liquid,  boiling  about  320*  (160*  ccut) ;  of 
density  1,673  at  75.2*'  (24*'  cent.) 

Chloracetic  acidf  C^  CI3  Og-fHO^^Tliis  remarkable  add,  tn 
which  the  3  atoms  of  the  hydrogen  of  acetic  acid  are  replaced  by 
3  atoms  of  chlorine,  was  obtained^  by  M.  Dumas,  by  the  adioQ 
of  chlorine  gas  contained  in  large  balloons  upon  the  hydrate  of 
acetic  acid^  exposed  to  the  direct  rays  of  the  sun  for  a  whole 
day.  It  cr)^stallizes  in  rhomboidal  plates  or  colourless  needles^ 
which  deliquesce  rapidly  in  damp  air,  Chloracetic  acid  whitau 
the  tongue ;  its  vapour  is  suffocating  and  painfiil  to  the  organs 
of  respiration.  It  reddens  litmus,  without  bleaching  iL  The 
crystals  fuse  at  45  or  46**  cent.;  and  fused  they  enter  into  ebaJ- 
lition  between  195  and  COO"  cent.  The  density  of  the  fmed 
acid  at  46**  cent,  is  1*617.  It  forms  a  class  of  salts  whiek 
greatly  resemble  the  acetates ;  they  are  aU  soluble,  and  we 
blackened  by  an  excess  of  alkali  even  more  readily  tbtn  tie 
acetates* 

Chloracetic  acid  exhibits  a  beautiful  transformation  when 
heated  in  contact  with  an  alkali ;  it  is  decomposed  into  pefdtkh 
ride  of  formyle,  a  metallic  chloride,  and  alkaline  carbonate  wni 
formiate.  Acetic  acid  gives  in  the  same  circumstances  light 
carburetted  hydrogen  (C^  H4)  and  an  alkaline  carbonate.  (Dfh 
mas.  An,  de  Ch.  Ixxiii,  77  and  89). 

Heavy  chlorinated  ether,  —  The  body  which  principally  11 
formed  when  alcohol  of  80  per  cent.  (0.848)  is  saturated  with 
humid  chlorine  gas.  It  precipitates  from  the  acid  liquid  when 
water  is  added.  It  is  colourless,  neutral,  of  density  l,277i  ^ 
boils  between  112  and  125"  cent.  The  results  of  its  analrsti  tit 
discordant,  which  M.  Regnault  supposes  to  arise  from  intemw- 
diate  chlorinated  bodies,  which  form  between  aldehyde  «wl 
chloral : 


Aldehyde. 
Intermediate  bods. 

Chloral, 


.  C4  H,  O. 
C^  H3  CI  O. 
C,  H^  Cl^  O3 
C,  U  CI3  o. 


I     Its  dc 
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Bronmly  C4  Btg  O-f  HO* — This  compound^  which  correspoods 
with  chloral,  was  formed  by  M.  Loewig  by  adding  13.8  parts  of 
bromine  to  I  part  of  alcohol  cooled  by  ice,  adding  the  former 
in  small  portions,  taking  care  that  the  part  previously  added 
had  ftrst  disappeared.  It  is  purified  in  the  same  manner  as 
chloral.  Bromal  is  a  colourless  oily  liquid  of  a  peculiar  and 
Tery  strong  odour  which  provokes  tears,  and  of  a  caustic  taste. 
Its  density  is  3.34,  and  boiling  point  below  212''.  Bromal  is 
ible  with  water,  alcohol  and  ether.  Caustic  alkalies  trans- 
m  it  into  an  alkaline  forraiate  and  perbromide  of  farmyl. 
Its  solution  affords  by  evaporation  a  crystalline  hydrate,  con- 
taining 4  atoms  of  water,  consequently  2  atoms  more  than  the 
liydrate  of  chloral. 

j         Mrominaied  ether. — ^^Loewig  has   observed,  that  bromine  in 
acting  upon  ether,  produces  a  body  analogous  to  heavy  chlori- 

imted   ether,  hut  respecting  the  composition  of  which  there  is 

Htfie  same  uncertainty. 

^K,  JoduL — An  oleaginous   liquid  which  corresponded  in    some 

P^roperties   with  chloral,    was  obtained   by  M.  Aime,   by  the 
action  of  4  parts  of  alcohol,  one  part  of  iodine,  and  one  part  of 

'     fuming  nitric  acid,  left  in  contact  in  a  bottle  imperfectly  closed; 

j      but  its  composition  was    not  ascertained*     Mr;  Johnston  had 

'     previously  obtained  some  peculiar  substances  by  a  similar  re- 
action. 

Chloride  of  cyanogen  upon  alcohol, — A  slightly  volatile  cry- 
stalline matter  is  produced,  when  a  mixture  of  alcohol  and  very 
concentrated  hydrocyanic  acid,  or  a  mixture  of  alcohol  and  a 
metallic  cyanide  soluble  in  alcohol,  is  saturated  with  dry  chlo- 
rine* This  crystalline  substance  has  a  silkv  lustre,  and  consi- 
derably resembles  sulphate  of  quinine.  It  fuses  at  248%  sub- 
hming  in  part.  Its  empyrical  formula  is  C,f,  Hy  O^  Cl^  N^, 
oorre^ponding  with  3  atoms  of  aldehyde  3(C^  H4  O2),  2  atoms 
of  chlorine  CIj,  2  atoms  of  cyanogen  N.^  C4,  and  2  atoms  of 
water  U^  O3.  (Stenhouse)* 

SECTION    V. 
congenehs  of  alcohol  of  an  uncertain  constitution, 

Hydruret  of  acetyl,  okfiant  f/as,  eiherine,  elayl  (Berzelius) ; 
C^  H^  =  C^  H^  U  or  AcH.— Tills  gas  is  generally  prepared  by 
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heating  a  mixture  of  I  part  of  alcohol  with  6  or  i  parU  of  oaiv 
ccntrated  sulphuric  acid  (page  420);  and  is  accompanied  Uf 
sulphurous  acid,  the  Tapour  of  et]ier»  the  double  sulphate  of 
oxide  of  ethyl  and  etherule  (page  77-)»  fro"*  ^  of  T^hicij  itb 
purified  by  passing  it  first  through  milk  of  lime^  and  then 
through  oil  of  vitriol,  M.  Mitscheriich  finds  it  to  he  forrofd 
almost  exclusively,  when  alcohol  is  brought  into  contact  witli 
oil  of  vitriol  heated  to  320®  (page  772), 

Purehydruret  of  acetyl  has  a  feeble  ethereal  adoar;  it  is  ofilf 
very  slightly  soluble  in  water,  oil  of  vitriol,  alcohol  and  cth«c» 
It  forms  a  crystalline  compound  with  anhydrous  sulphuric  rndd, 
C^  H^-f  ISO3.  It  combines  with  chlorine  ga3  in  equal  volumt^ 
and  forms  an  oily  liquid  (a  property  from  wldcli  it  received  tht 
name  of  olefiant  gas),  the  chlorhydrate  (hydrochloratc)  of  ibe 
chloride  of  acetyl,  known  as  Dutch-liquid^  or  the  oil  f>f  nl^fiai 
gas. 

Chhrhydrate  of  chloride  of  acttyl^  C^  H^  CI,  H  CI,  of  .Vc 
H  CL — Is  purified  by  mixing  with  water  and  distilling  the  pro* 
duct  last  mentioned,  by  a  water  bath ;  depriving  it  ai'terwaidid 
of  the  water  which  it  takes  up  by  shaking  it  in  a  b4>ttle  irilk 
sulphuric  acid,  and  dLstUIing  again  by  a  water  bath*  Itka 
very  fluid  colourless  liquid,  of  an  agreeable  ethereal  odour  and 
sweetisli  taste  \  boils  at  82.4"^  cent.;  density  of  its  vapor  *  \* 
It  communicates  its  odour  to  water  without  dissolving  ^y 

in  it,  but  is  soluble  in  all  proportions  in  alcohol  and  eiber. 
This  compound  may  be  distilled  from  hydrate  ofpoiajsh 
out  change,   but  is  gradually  decomposed  by  an  alcoholit 
tion  of  potash  into  chloride  of  potassium  and  chloride  of  acelyti 
when  this  compound  is  lieated   with  potasaium,  hydnigen  |ai 
and  the  cliloride  of  acetyl  are  disengriged. 

Chlorhydrate  of  chloride  of  acetyl  readily  absorbs  chl 
and  by  the  continued  action  of  that  body  a  product  is  obUini 
which   by  distillation   furnishes    two   new   compounds^  oim^ 
235**  (lis**  cent.)  C^   II^  Cl^,  HCl;   and  another  at  276*  (MS* 
cent,)  C4  H2  CI4*     Tlie  last  compound  by  tlie  continued 


when  eji{ 
the  cryslJdb>e 


of  chlorine  in  diffuse  day-light,  or  more  rapidly 
to  tlie  direct  rays  of  the  sun,  is  converted  into 
procldoride  of  carbon,  C^  Cl^  (page  377)* 

Chloride  of  a4:ctyl,  C^  H3   CI,  =  Ac  CI,  3epaniU»  &om  d»c 
alcoholic  solution  above  reterred  to,  in  the  form  of  gaa,  by  tit 
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;  oih  grade  heat;  the  gas  is  purified  from  adhering  Tapours 
df  alodiol  and  water,  by  passing  it  through  sulphuric  acid.  This 
1^  has  an  odour  which  suggests  that  of  garlic;  its  density  ia 
M(>6,  and  combining  measure  4  volumes.  It  is  condensed  into 
wfUktpd  liquid  at  — C.G"*  (—17''  cent.) 

i  'Chloride  of  acetyl  is  absorbed  by  perchloride  of  antimony 
(8b  GIq),  and  when  the  saturated  solution  is  diluted  with  water, 
BB  ethereal  liquid  separates,  consisting  of  a  mixture  of  chloride 
of.ioetyl  and  hydrochloric  acid,  with  a  new  compound  04113013, 
■r  C4  H)  01^+ H  01.  This  last  when  distilled  with  an 
abolMilic  solution  of  potash  is  resolved  into  chloride  of  potas« 
fiam,  water  and  another  new  volatile  liquid,  O4  H^  Ol^^  or 
C^  0I«  Lastly,  by  continuing  the  action  of  chlorine  upon  the 
ptoaeding  bodies,  ibe  compound  C4  H,  CI4  is  obtained,  or 
MlMr  C4  H  CI3+H  01,  for  potash  transforms  it  into  O4  H  OI3, 
and  chloride  of  potassium.  (Regnault). 

JBtemhydraie  of  bromide  of  acetyl,  O4  H3  Dr+H  Br,  is  a 
ooiovfflesa  liquid,  boiUng  at  129.5®  cent.,  obtained  by  passing 
oiMaDt  gas  into  bromine. 

Sromide  of  acetyl,  O4  H3  Br  =  Ac  Br,  a  gaseous  body  of 
toiiit)  3691,  of  which  the  preparation  is  the  same  as  that  of 
okloiide  of  acetyl. 

Modkydrate  of  iodide  of  acetyl,  O4  H3  I+H  I.— This  com- 
pound is  slowly  produced  when  iodine  is  left  in  a  bottle  of 
(daAant  gas  at  the  ordinary  temperature,  and  sublimes  in  white 
cryttBla;  but  it  is  best  prepared,  according  to  Regnault,  by 
bcartii^  iodine  to  122  or  140"^  in  a  convenient  vessel,  and  intro- 
dodag  pure  olefiant  gas  into  it,  till  all  the  iodine  is  converted 
into  a  pulverulent  yellow  or  white  substance.  The  compound 
Eases  at  172.4®  (78®  cent.),  and  may  be  sublimed  in  olefiant  gas, 
bnfenot  in  air  without  decomposition.  When  heated  with  hy- 
drate of  potash  and  alcohol,  there  is  a  disengagement  of  olefiant 
gas  mnd  formation  of  iodide  of  potassium,  and  other  products 
irhkb  have  not  been  studied.  Tliis  body  does  not  furnish 
prodncta  corresponding  with  those  derived  from  the  chlorhy- 
irateof  the  chloride  of  acetyl,  when  decomposed;  it  is  very 
limbtfdl,  therefore,  whether  the  former  is  similar  in  constitu- 
tion to  the  latter,  as  represented  above. 
..  OUofvplaiinale  of  chloride  of  acetyl,  04H3PtOIa=04H30l-f 
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PtCl,  or  AcCl-f  Pt  CL^-This  compound  is  formed  by  the  acticm 
of  bichloride  of  platinum  upon  alcohol,  together  with  aldehyde, but 
it  is  best  prepared  from  a  double  compound,  which  it  forms 
chloride  of  potassium  or  chloride  of  ammonium*     Pure  bk 
ride  of  platinum  containing  no  free  nitric  acid   is  dissolved  ill 
alcohol ;  a  small  quantity  of  free  hydrochloric  acid,  and  a  quaottty 
of  chloride  of  potassium  equal  to  one  eighth  of  the  weight  of  the 
bichloride  of  platinum  are  added  to  this  solution^  aad  the  whole 
digested  for  several  hours  at  the  temperature  of  boiling  water. 
The  excess  of  alcohol  is  removed  by  distillation,  and  th€  residue 
saturated  %vith  carbonate  of  [>otasb*     By  evaporating  at  a  geiitk 
heat  the  compound  in  question  is  obtained  in  the  crystalline  fomv 
and  may  be  purified  by  new  crystallisations.  (Liebig*s  Tmiti?)-  By 
dissolving  this  compouiKl  in  a  little  water  and  adding  bichloriife 
platinum   to  the  solution^    so   long  as   the  double    cldortde  of 
platinum  and  potassium  precipitates,  a  yellow  liquid  is  obtained^ 
wliich  ought  to  be  evaporated  in  a  dry  vacnium  in  the  abflence 
of  light.     There  results  a  guramy  mass  of  a  honey  yellow  oobiuv 
liable  to  be  blackened   by  light,  which  is  the  chloroplatiiiate  of 
the  chloride  of  acetyl.     It  dissolves  slowly  in  water  and  alco- 
hol;   these  solutions  have  an  acid  reaction.     The  In"      V*  nc 
acid    of  Dutch-liquid   being  represented    by   protO'<  oi 

platinum,  Ft  CI,  the  compound  described  and  Dutch-hquid  mj 
be  considered  as  analogous : 


Chlorhydrate  of  chloride  of  acetyl    .     ,  Ac  Cl  +  H  CI. 
Chloroplatinate  erf  chloride  of  acetyl.     .  Ac  C1+  Pt  Ct 


But  various  other  views  of  the  constitution  of  tliis  compQUA<( 
have  been  proposed. 

Ckhraplatmate  of  chloride  of  acett/i  and  poiasmum^  Ac  Cf, 
Pt  Cl  +  K  CL— The  discovery  of  this  salt,  of  which  the  prepi- 
ration  has  just  been  described,  is  due  to  Berzelius.  It 
Uzcs  iu  semi-transparent  regular  prisms,  of  a  lemon 
colour,  which  abandon  4.625  per  cent  of  water  of 
tion  at  *il2^  and  become  quite  opaque.  It  is  solu^  '  :  a] 
and  also  in   5   parts  of  hot   water,  and  is  less  s  m  «fiU 

water.    The  solution  is  partially  decomposed  when  healed 
194**,  metallic  platinum  being  precipitated  and  hydrochloric 


ACETONE.  795 

liberated^    wbich  last  protects  the  salt  from  further   decom- 

jKMStlOIl. 

"Chloride  of  ammonium  and  chloride  of  sodium  form  corres- 
|kmding  double  salts  with  the  chloroplatinate  of  chloride  of 

'''   Ammotdaeal  ehlarophUinaie  of  chloride  of  acetyl. — ^Ammonia 

iartlie  carbonate  of  ammonia  throws  down  a  lemon  yellow  pre- 
'-fei^tate  from  the  solution  of  these  double  compounds,  in  which 

fte  chloroplatinate  of  chloride  of  acetyl  is  united  with  the  ele- 
^illents  of  one  atom  of  ammonia :  Ac  Pt  Cl^-f  NH,.  It  is  solu- 
'We  in  alcohol;  sparingly  soluble  in  cold  water;  and  its  solution 

Itemiot  be  evaporated  without  decomposition. 

V  t 

»v  SECTION   VI. 

: ,  .  PRODUCTS  OF  THE  ACTION  OF  HEAT  UPON  THE  ACETIC  ACID 
^-ii-  .  OF  THE  ACETATES. 

ACETONE. 

.^^'  Syn.  Pyroacetic  spirit^  tnesitic  alcohol,  bihydrate  of  meriiy- 
imie  (JTane).  Empyrical  formula  C3  H3  O. 
^'''Hie  vapour  of  strong  acetic  acid  passed  through  a  porcelain 
tabe  heated  to  dull  redness  is  decomposed  without  the  deposi- 
tion of  any  charcoal,  being  converted  entirely  into  the  vapour 
of  acetone,  which  condenses,  and  a  mixture  of  gases,  containing 
carbonic  oxide,  carbonic  acid  and  carburetted  hydrogen.  If  the 
temperature  exceeds  a  dull  red  heat,  the  products  are  a  brown 

*iiifapyreumatic  oil,  inflammable  gases  and  a  deposit  of  charcoal. 
Anhydrous  acetic  acid  contains  the  elements  of  1  atom  of  car- 
bonic add  and  I  atom  of  acetone  : 

-  'i  C4  H,  O3  =  COj  and  C,  H3  O3. 

'  V/t»i; 

>.JCh0  acetates  of  the  stronger  bases  which  retain  carbonic  add  at 

,%Wbii  heat,  when  submitted  to  destructive  distillation  become 

^arinmates,   and  supply  no  volatile  product   except  acetone. 

Tlie  acetates  of  earths  of  which  the  carbonates  are  decomposed 

at  a  red  heat,  such  as  magnesia,   afford  a  mixture  of  acetone 
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and  carbonic  acid,  when  distilled;  and  acetates  of  bases  wKich 
are  easily  reduced,  such    as  the  acetates  of  copper   and  silver^ 
yield  hydrated  acetic  acid»  carbonic  oxide,   carbonic  acid,  waftet 
and   acetone,  the  residuum  containing  a  mixture  of  the  melal 
and  liigldy  divided  charcoal.     Acetone  also  appears  among  llit 
products  of  the  distillation  with  an  alkali   of  sugar  and  cidiflr 
ternary  compounds  of  carbon,  oxygen  and  hydrogen  (page  7l<9- 
Acetone  may  be  conveniently  prepared  by  distilling  a  miictiire 
of  3  parts  of  crystaUized  acetate   of  lead  and  1    pari  of  f{tiid^ 
lime  in  a  salt-glaze  jar   (greybeard),  the  lower  part  oftliejar 
being  coated  with   lire-clay,  and  a  bent  glass  tube  half  an  iodi 
in  diameter  adapted  to  the  mouth  by  a  cork,  so   as  to  form  i 
distillatory  apparatus.     The  jar  is  supportefl  in  the  mouth  of  i 
small  furnace,  by  which  the  lower  part  of  the  jar  only  is  btMki 
to  redness,  and  the  vapours  conducted  into  a  Liebig^s  condenser. 
The  product  is  redistilled  from  quick  hme  repeatedly,till  its  bed- 
ing  point  is  constant  at  132". 

Acetone  is  a  limpid  colourless  liquid,  having  a  peculiar  p«jse- 
trating  and  slightly  empyreumalic  odour.  Its  density  in  tfcfl 
liqmd  state  is  almost  the  same  as  that  of  alcohol  0*7^^1f  wi 
the  density  of  its  vapour  2022,  air  being  1000;  its  tasleis 
disagreeable  and  analogous  to  tliat  of  peppermint.  It  b  niy 
cible  in  all  proportions  with  water,  alcohol  and  ether*  Mtnf 
salts  which  are  soluble  in  alcohol  and  water  are  insoltabkdi 
acetone,  particularly  chloride  of  calcium  and  hydrate  of  polad; 
acetone  in  separated  from  water,  by  dissohing  sucli  salts  in  tb 
mixture  of  these  hquids.  Acetone  is  highly  inflammable  mi 
burns  with  a  white  flame, 

'^'On  rectifying  acetone  derived  from  the  acetates,  a  less 
tile  oleaginous  body  remains  in  the  retort,  which  has  bw* 
examined  by  Dn  Kane  and  named  cUimasine,  This  cmpyrcti* 
matic  oil  has  a  disagreeable  odour  and  burning  taste;  it  b<< 
248**  (120"  cent.)  j  its  composition  is  expressed  by  C,oii."^ 
the  density  of  its  vapour  is  5i!04,  and  its  combining  mc^vjr: 
4  volumes. 

Metaeetoney  C^j   H^  O,   which  is  also   obtainable  firom  su^f 
has  already  been  described, 

Dr«  Kane  who  examined  acetone  and  the  prodoets  of  its 
decomposition  several  years  ago,  then  assigned  to  the 
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the  constitution  of  an  alcohol,  doubling  its  atomic  weight  and 
giTing  it  the  formula : 

CgHjO+HO, 

The  bodies  derived  firom  it,  which  I  can  only  notice  very  shortly, 
were  named  by  him  on  that  theory. 

Memtylency  Cg  H4. — ^This  hydrocarbon  is  an  oily  colourless 
liqiiid,  obtained  on  distilling  acetone  with  half  its  volume  of 
fimung  sulphuric  acid.  It  is  obviously  formed  by  the  abstract 
lioii  of  the  elements  of  2  atoms  of  water  from  acetone.  Sul-> 
phnric  add,  nitric  acid  and  chlorine  react  upon  mesitylene  in 
dM  same  way  as  they  do  upon  benzin  (benzole;.  Mesitylene  is 
Vgfater  than  water;  it  boils  at  276.4*»  (135.5"  cent.)  Later  in 
file  distillation  of  the  materials  which  yield  that  oil,  another  oil 
which  resembles  it  much  passes  over,  but  of  which  the  boiling 
point  is  more  elevated.  The  formula  of  the  second  oil  appears 
to  be  C5  H3. 

Oxide  of  mesiiyle,  Cg  H5  O  (Kane). — Is  obtained  on  adding 
eustic  potash  to  the  chloride  of  mesityle ;  a  limpid  colourless 
Bqoid,  not  miscible  with  water,  having  the  odour  of  pepper^ 
Bint ;  it  boils  at  248''. 

Chloride  of  mesityle^  Cg  H5  CI  (Kane).— Produced  by  the 
d&reet  action  of  hydrochloric  acid  upon  acetone,  or  by  adding 
^pairta  of  percbloride  of  phosphorus  gradually  to  1  part  of 
BOetotie.  An  oily  liquid  denser  than  water,  and  not  miscible 
w£tk  that  liquid. 

'  Chhroplaiinaie  of  ocnde  ofmesiiyk,  C^  H5  O,  Pt  CI,  (Zeise) ; 
named  meiacechlorplaiin  by  Zeise. — Obtained  by  distilling  a 
■olntion  of  1  proportion  of  bichloride  of  platinum  with  2^  pro- 
portions of  acetone,  when  hydrochloric  acid  and  an  ethereal 
bodjr  pass  over  into  the  receiver,  and  a  brown  acid  residue  is 
lift  m  the  retort.  The  residue  contains  a  resinous  matter  which 
i  names  the  renn  0/ platinum ;  the  aqueous  solution  derived 
i  washing  the  resin,  becomes  turbid  after  a  time,  and  de» 
posits  the  compound  in  question  in  small  yellow  crystals  which 
km  nothing  at  212^  It  is  slightly  soluble  in  water;  the 
•dution  is  decomposed  by  ebullition.  When  the  mother  liquor 
of  these  crystals  is  distilled,  there  is  a  disengagement  of  gas, 
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End  a  black  flocculent  powder  is  precipitated,  which  i«  exj 
by  heat.     Zeise  has  named  it  pt^acechlorphiin,  • 

Sufphomesiiilk  acid, — By  tlie  action  of  faming  sulphuric  adi 
upon  acetone  there  is  produced  among  other  products,  an  add 
of  which  the  salt  of  lime  b  expressed  by: 

CaO,  C3  H^O+SOj* 

This  salt  loses  the  elements  of  half  an  atom  of  water  by  hmL 
Its  acid  does  not  correspond  with  sulphovinic  acid  as  the  $atnr 
rating  power  of  the  sulphuric  acid  in  the  former  is  not  injoreu 
by  the  acetone,  while  it  is  diminished  one  half  by  the  oxide  of 
ethyl  in  the  latter.  Nor  can  acetone  be  reproduced  from 
sulpho-mesitylic  acid  by  any  means*  Acetone  likewise  affords 
no  peculiar  acid  by  its  oxidation,  as  alcohol  does  acetic  arid 
Hence  acetone  is  deficient  in  what  are  now  considered  the  three 
most  essential  characters  of  an  alcohol. 

When  2  measures  of  acetone  are  mixed  with  1  measure  of 
hydrate  of  sulphuric  acid,  and  the  liquid  diluted  with  water  and 
neutralised  with  lime,  a  new  salt  is  obtiuned  analogous  to  tk 
former,  but  containing  twice  as  much  acetone : 

CaO,  CfiHgO^+SO^^ 
The  acid  of  these  salts  undergoes  decompositioii  when  depriito 
of  its  base  by  sulphuric  acid,  and  evaporated. 

By  the  action  of  nitric  acid  upon  acetone  Dr.  Kane  obtaioeJ 
the  two  following  bodies,  the  composition  of  which,  howetffi 
is  somewhat  doubtful ; 


Nitrite  of  oxide  ofpteleyL 


CaH^O+NO,; 


11 


Memlic  aldehyde,   ......     C3  ».3  w^ 

By  the  action  of  phosphoric  acid  and  of  phosphorus  with 
iodine,  two  acids  were  also  obtained  :  pho^phamesUjflie  add  wmI 
hyphosphomesitylous  acid^  the  formula  of  the  salt  of  harytes  01 
the  latter  being,  Ba  O,  C^  H^  O3  P. 

MtMtic  chloral)  Cg  11^  Cl^  O^  (Dumas,  Kane), — Obtained  1 
passing  dry  chlorine  through  acetone,  till  the  disenj 
hydrochloric  acid  ceases.     It  is  a  liquid  of  a  penetrating  1 
portable  odour,   insoluble  in  water;  density  1*33,  and 
point  258,8''  (126"  centig.) 


ARSENICAL  COMPOUND  FROM  ACETYL.  7^ 

Ckkride  of  pieleyl,  C3  H3  CI  (Kane).— A  crystalline  sub- 
itauioe  obtained  by  passing  a  current  of  chlorine  into  mesity- 
le&e. 


SECTION  VII. 
ARSENICAL  COMPOUNDS  DERIVED  FROM  ACETYL. 

By  the  dry  distillation  of  equal  weights  of  acetate  of  potash 
and  arsenious  acid^  a  remarkable  liquid  is  obtained  known  as 
Che  Uquor  0/  Cadet  or  alcarsin.  This  liquid  may  be  supposed  to 
be  fiirmed  by  the  abstraction  of  2  atoms  of  carbonic  acid  from 
^le  elements  of  2  atoms  of  acetone  and  1  atom  of  arsenious 
add: 

2  atoms  acetone.  «        .  C5  H5       O, 

1       jy    arsenious  acid.        •  AsOg 

— 2      ^    carbonic  acid.  •  C^  O4 


1       ^    alcarsin.  •        .  C4  H^  As  O 

This  is  a  body  remarkable  for  its  insupportable  odour  and 
spontaneous  inflammability  in  air.  The  mode  of  formation  and 
oxidability  of  alcarsin,  favour  the  idea  that  it  belongs  to  the 
acetyl  series  and  contains  arsenietted  hydrogen.  In  the  follow- 
ing scheme  of  the  composition  of  alcarsin  and  its  derivatives, 
tbe  former  is  represented  as  containing  the  hypothetical  oxide 
of  acetyl  and  arsenietted  hydrogen  (Liebig) : 

Alcarsin.  .        .  .  Ac  O  +As  H5                  % 

Chlorarsin.  .  .  Ac  CI  +As  H3 

Sulpharsin.  •  •  Ac  S    +As  H, 

Cyanarsin.  .        .  .  Ac  Cy+As  H3 

Alcargen.  .        .  .  Ac  O3+AS  Hj-f  HO 

Berzelius,  however,  considering  the  pre-existence  of  arse- 
Qieced  hydrogen  in  these  compoiuids  as  improbable,  presumed 
alcarsin  to  be  the  oxide  of  a  compound  radical,  which  he  named 
etfcodyl  (from  kqkoq  and  o^vc),  in  reference  to  the  repulsive 
Q^qm  of  alcarsin.  The  same  theory  is  adopted  by  M.  Bunsen, 
who  has  devoted  great  labour  and  much  ingenuity  to  the  pain- 
fbl  investigation  of  this  class  of  bodies,  of  which  the  sensible 
properties  are  most  offensive  and  dangerous.     M.  Bunsen  has 


succeeded  also  in  isolating  cacodyl,  the  suppo9i?cl  radi<!al  of  Hie 
series,  a  discoyery  of  much  interest  for  the  theory  of  coftopwnra 

radicals. 

CACODYU 

Formula  C+  H^j  As  =  Kd, 

Cacodyl  is  a  liquid  obtained  from  the  cant  inticd  digestion  of 
the  chloride  of  cacodyl  with  metallic  zinc  at  250°^  and  disaolYioi 
out  the  chloride  of  zinc  formed  by  water*  It  is  dried  by  qaidk* 
lime>  distilled  in  a  glass  retort  filled  with  carbonic  acid  to 
exclude  air  and  crystallized  repeatedly  at  21.2"  ( — G**  f-- ♦• » ' 

Cacodyl  is  an   ethereal  limpid  liquid  (greatly  resc 
oxide),  of  a  nauseous  odour,  which  crystallizes  in  shin 
at  23".     It  takes  fire  spontaneously  in  air  and  in  ch.... . 
with  the  formation  of  a  cloud  of  white  smoke.     It  sinks  in 
in  which  liquid  it  is  insoloble;  it  is  soluble  in  alcohol  and  tiiuu 
Its  boibng  point  is  about  338"*  (170'*  ceiit)  I   the  density '»^*'i»^ 
vapour  by  experiment  7101,  by  theory  7^^!  »  its  com 
measure  2  volumes.     Its  vapour  is  decomposed  at  tt  red  IvtiA 
into  arsenic,  oleBant  gas  and  light  carburetted  hydrogen. 

Oxide  of  cacodyl^  alcardii^  C^  H^  As-^O  =  Kd  O*— Is  fi^ 
pared  by  the  distillation  of  a  mixture  of  equal  weigbtft  of  dry 
acetate  of  potash  and  arsenious  acid.  At  the  same  tiiiie  nieUit- 
lie  arsenic  distils  over^  mth  acetic  acid  and  acetone  which 
float  in  the  receiver  above  the  fluid  alcarsin.  The  1:l^ 
tained  pure  by  washing  with  water  free  from  air,  and  ^  _  i- 
lation  from  quickUme  in  a  retort  filled  with  hydrogen  gis^  and 
from  which  atmospheric  air  is  most  carefully  excladed,  0%At 
of  cacodyl  is  also  produced  by  the  direct  oxidation  of  cacodyl 
from  slow  access  of  air;  and  also  from  the  partial  reduction  uf 
cacodyUc  acid  by  phosphorous  acid. 

Oxide  of  cacodyl  is  an  ethereal  limpid  liquid^  of  very  C3on«* 
derable  refracting  power,  1,7<52;  it  boils  at  about  ^Oi*  {l¥f 
cejit.),  and  solidifies  in  the  form  of  white  silky  plates  at  - 
( — 23**  cent)  Its  odour  suggests  that  of  arsenietted  hy<i 
is  most  disgusting^  and  provokes  a  copious  flow  of  ledrst.  TV 
density  of  its  vapour  is  7555  by  experiment,  and  7^S3  by  fJinK 
ry;  its  combining  measure  2  volumes.  It  takes  fere 
neously  in  air  and  burns  with  a  wliite  flame  aiid  sirofig  < 
Taken  internally  alcarsin  is  a  \ioleiit  poison. 


OXIDK  OF  CACODYL.  SOl^ 

Oxide  of  cacodyl  is  but  slightly  soluble  in  water,  but  dis- 
Mdves  in  all  proportions  in  alcohol  and  ether.  It  dissolves  in 
caustic  potash  colouring  the  latter  brown  ;  dilute  nitric  acid  dis- 
solves it  witliout  disengagement  of  gas,  but  when  heated  decom- 
position occurs.  Oxide  of  cacodyl  dissolves  phosphorus,  sul- 
phur and  iodine ;  the  solution  of  the  last  is  colourless  and 
deposits  crystals,  which  disappear  again  when  an  excess  of 
iodine  is  added.  It  combines  with  the  hydrate  of  sulphuric  acid, 
fiDrming  thin  needles  which  have  an  acid  reaction  and  are 
deliquescent.  Besides  combining  with  acids,  oxide  of  cacodyl 
eomlnnes  also  with  salts.  When  its  solution  in  alcohol  is 
mixed  with  a  solution  of  chloride  of  mercury,  a  white  precipitate 
frUs,  soluble  in  hot  water  and  crystallizing  from  it,  which  is  a 
oompound  of  I  atom  oxide  of  cacodyl,  and  2  atoms  chloride  of 
mercury.  This  compound  is  inodorous.  It  yields  with  hydro- 
diloric  add,  chloride  of  mercury  and  chloride  of  cacodyl* 
Oxide  of  cacodyl  forms  a  similar  compound  with  bromide  of 
mercury.  It  reduces  the  salts  of  the  suboxide  and  oxide  of 
mercory. 

Cacodylie  acid,  alcargen,  HO,  C4  11^,  As  O3  =  IIO-fKd  O3. 
— 43acodyl  and  its  oxide  left  under  water  to  the  slow  action  of 
air,  oxidate  so  as  to  become  cacodylie  acid.  The  hydrated 
acid  crystallizes  in  large  colourless  prisms,  is  inodorous,  not 
poisonous,  fusible,  soluble  in  water  and  in  alcohol.  It  is 
reduced  to  the  state  of  chloride  of  cacodyl  by  chloride  of  zinc, 
and  to  the  state  of  oxide  of  cacodyl  by  phosphorus  acid. 
Alcargen  has  a  feeble  acid  reaction ;  it  combines  with  the 
aBcaUes,  giving  rise  to  compounds  which  have  tbe  aspect  of  guni 
and  are  not  obtained  under  regular  forms.  It  dissolves  in  the 
hydrate  of  sulphuric  acid  witliout  being  modified ;  is  not  attacked 
by  anhydrous  sulphuric  acid,  and  is  oxidated  with  difficulty  by 
nitric  acid  and  aqua  regia. 

M.  Bunsen  adds  one  atom  of  oxygen  to  the  formula  for 
alcargen,  but  Liebig  has  shewn  that  tlie  formula  as  given  above 
is  more  in  accordance  with  Bunsen's  analysis  of  alcargen  than 
his  own  view. 

Sulphurel  of  cacodyl,  C4  11^;  As-f  S  =  Kd  S,  may  be  obtained 
directly  by  uniting  cacodyl  with  1  atom  of  sulphur,  or  by  the 
distillation  of  chloride  of  cacodyl  with  sulphuret  of  potassium. 
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This  body  is  also  a  product  of  the  decomposition  of  oxide  of 
cacodyl  by  sulphuretted  hydrogen  gas.  It  is  an  ethereal  liquid, 
of  a  highly  disagreeable  smell,  which  does  not  fome  in  air,  is 
heavier  than  water  and  insoluble  in  that  liquid.  The  density  of 
its  vapour  is  by  experiment  7^10,  by  calculation  8390,  its  conn" 
bining  measure  2  volumes.  It  is  resolved  by  hydrochloric  add, 
into  sulphuretted  hydrogen  and  chloride  of  cacodyK 

Persulphurei  of  cacodyl  of  the  composition  SC^Hf^As* 
5S  =  2  Kd  +  5S,  is  formed  when  sulphur  is  dissolved  in  th* 
preceding  compound  or  in  cacodyl  itself-  It  may  be  crysfullixfd 
from  ether  in  colourless  prisms,  which  fuse  at  109.4*  (4$*  cent) 
A  pTotoieleniuret  of  cacodyl  has  also  been  formed* 

Chloride  of  cacodyl,  C^  H^  As  +  Cl  ^  Cd-hCl,  is  formed  fcy 
the  digestion  of  oxide  of  cacodyl  in  hydrochloric  acid^  or  by  the 
slow  action  of  chlorine  on  cacodyl.  It  is  a  colourless  ethered 
liquid,  which  does  not  fume  in  air,  does  not  solidify  at  — -4ir 
( — 45''  cent.),  and  is  converted  a  little  above  Sli**  into  a  cnkmr- 
less  vapour,  which  inflames  in  the  air.  Its  odour  is  exttemdy 
penetrating  and  stupifying.  The  density  of  its  vapoar  if  hf 
experiment  4560,  by  calculation  4860;  its  combining  measaie 
2  volumes.  Chloride  of  cacodyl  combines  with  metallic  dib- 
ride9« 

Similar  compounds  of  cacodyl  with  bromine^  iodine^  anJ 
fluorine  have  been  formed, 

0.tichlonde  of  cacodt/l^  Kd  O-f-S  Kd  CI,  is  formed  by  tm*' 
ing  the  chloride  with  water,  or  by  distilling  it  with  hydnirbk)* 
ric  acid.  The  density  of  its  vapour  is  by  experiment  Sif^\ 
by  calculation  5300;  its  combining  measure  8  volumes,  Itii  t 
liquid  very  like  the  ojfide,  boiling  at  gi^S^S"  (lOiPcentJ  A 
corresponding  oTtbroniulc  of  cacodyl  and  an  oxy iodide  of  crtfffif^ 
havo  been  formed, 

Ct/amdt  of  cacodyl^  C^  H^  As  -f  N  C*,  =  Kd  Cy*  is  pncwjiattl 
'  I>y  the  distillation  of  concentrated  hydrocyanic  acid  or  of  H^ 
lution  of  cyanide  of  mercury  with  oxide  of  cacwIyL  lieryftil- 
lizes  in  fine  prisms  of  a  diamond  lustre,  highly  limpid»  whicis 
emit  a  strong  and  insupportable  odour.  It  is  insoluble  in  water, 
fusible  at  91.4^  (33'*  cent.)  and  •crystallixable  by  cMXittn|t.  I<^ 
density  in  the  state  of  vapour  is  4650  by  experiment*  &nd  4^** 
p  by  calculation;  its  combining  measure  2  volumes.  Tbecytnflk 
is  the  most  poisonous  of  the  compounds  of  cacodyL 
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It  will  be  observed  that  oxide  of  cacodyl  or  alcarsin  corres- 
ponds in  composition  with  alcohol,  if  As  is  supposed  equivalent 
toO. 

Alcohol.        .        .  C4  H5  O  +  HO  or  C4  Hg  O^ 
Alcarsin.       .        .  C4  II5  As  +  HO  or  C4  Hg  O  As 

But  as  alcarsin  is  the  oxide  of  a  radical  cacodyl,  C4  H^  As,  pur- 
suing the  analogy,  alcohol  should  be  the  oxide  of  a  correspond- 
ing radical  C4  H^  O.  Chemists  will  wait  with  interest  for  the 
investigations  of  M.  Bunsen,  illustrative  of  this  point.  In  the 
meantime  a  doubt  may  be  entertained  whether  the  arsenic  in 
alcarsin  replaces  the  oxygen  of  alcohol,  or  whether  there  is  any 
dose  relation  between  these  two  compounds.  Their  primary 
•binary,  or  molecular  structure  is  possibly  very  different.  In 
tihe  ether  constituent  of  alcohol  we  have  probably  4  C  zincous 
or  positive,  and  5  H  -f-  O  chlorous.  While  in  cacodyl,  we  have 
4C  +  As  zincous,  and  6H  chlorous;  so  that  placing  the  zincous 
constituent  to  the  left  (as  usual)  and  the  chlorous  to  the  right, 
we  have  the  molecular  formula  for  cacodyl  as  follows  : 

C4I      rsH 
AsJ^laH 

.  Cacodyl  is  thus  represented  as  an  association  of  acetyl  and  arsc- 
nietted  hydrogen,  forming  together  a  compound  radical,  which 
J8  combined  in  alcarsin,  with  1  atom  of  oxygen  and  in  alcargen 
with  3  atoms  of  oxygen. 

SECTION  viir. 

ON  THE  RELATION  BETWEEN  THE  ETHYL  AND  AMMONIUM 

SERIES. 

A  remarkable  and  highly  interesting  parallelism  exists  be- 
tsreen  these  two  series  of  compounds,  to  which  the  attention 
of  chemists  was  first  directed  by  Dr.  Kane.  It  will  be  observed 
tliat  acetyl  has  the  relation  to  ethyl,  which  amidogen  has  to 
ammonium,  the  more  compound  radical  in  both  cases  contain- 
ing 2  atoms  more  of  hydrogen  than  the  simpler.  We  may 
iappose  the  ethyl  compounds  to  contain  acetyl,  as  the  ammo- 
nium compounds  are  supposed,  on  one  view,  to  contain  amido- 
gen ;  and  when  thus  resolved  the  analogy  of  many  of  the  ethyl 
to  ammonium  compounds  is  very  stnking.    The  principal  diffe- 
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rence  between  the  two  series  depends  upon  a  chemical  diffe- 
rence in  the  characters  of  their  radicals  ;  acetyl  being  capable  of 
forming  acids,  while  amidogen  does  not  possess  that  pro- 
perty. 

Expressing  amidogen  NHj  by  Ad,  and  acetyl  C4  H3  by  Ac, 
the  following  pairs  of  compounds  from  the  two  series  will  be 
found  to  correspond  in  composition,  differing  only  in  the  one 
containing  acetyl  while  the  other  contains  amidogen.  (liebig's 
Trait^). 
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SECTION   IX. 

LACTIC  AND  VISCOUS  rtRMENTATIONS. 

At  a  temperature  between  86  and  101°,  the  saccharine  jui^ 
of  plants  containing  albumen  or  other  azotised  matter,  unde 
a  species  of  fertnentation,  which  is  diflFerent  from  the  vinotu^ 
combustible  gases  being  evolved  with  carbonic  acid^  andftgnraiiij 
matter  formed,  having  the  composition  of  gum  arable,  wUck 
renders  the  liquid  ropy  and  thick,  and  hence  the  applicalioo  |9f 
the  name  viscous  to  this  fermenUtion.  On  examioing  tkc 
liquid  after  effervescence  ceases,  it  is  found  to  contain  no  alph 
hoi,  but  two  new  substances,  in  large  quantity,  namely  inaanits 
and  lactic  acid,  which  together  contain  the  elemeots  of  dried 
grape  sugar,  minus  1  atom  of  oxygen: 


Mannite*     . 
Lactic  acid* 


C«H,0, 
C„H„0„ 


MM,  Boutron  and  Fremy  have  lately  observed  that  the 
formation  of  lactic  acid  precedes  that  of  the  otiier  prodacts, 
and  that  it  may  be  produced  alone,  without  the  evolution  of 
any  gas  or  formation  of  mannite.  Diastase  and  caseum  after 
they  have  undergone  a  modification  by  a  few  days*  expoirare  Hi 
a  humid  state,  to  air,  are  of  all  organic  matters  containiiif 
nitrogen  the  most  efficient  in  determining  the  lactic  fermcnti> 
tion*  Air  does  not  interfere  by  its  elements,  unless  in  trant- 
forming  tlie  animal  matter  into  the  lactic  ferment.  Tilt 
membranes  of  the  stomach  of  the  dog  and  calf  have  no 
when  well  washed  with  cold  water  and  fresh»  on  neutnd 
tances,  such  as  sugar  and  dextrin,  but  after  being  preserved  fiv 
some  time  in  water,  they  acquire  tljen  the  property  to  transibfio 
such  matters  rapidly  into  lactic  acid.  These  membranes  sorae- 
times  produce  another  acid,  differing  from  the  lactic,  of  whldl 
the  saft  of  lime  is  insoluble  in  alcohol,  while  the  lactate  of  fait 
is  readily  soluble  in  that  liquid.  The  substance  of  bladdo*  tiler 
being  exposed  huuud  till  it  begins  to  decompose,  i 
the  lactic  fermentation. 
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Diastase  after  being  exposed  two  or  three  days  to  humid  air 
undergoes  a  modification,  and  acquire  the  property  of  trans- 
forming starch  into  lactic  acid,  making  it  pass  probably  through 
the  intermediate  state  of  dextrin.  Hence  malt,  slightly 
moiistened  and  exposed  to  air  for  two  or  three  days,  when 
afterwards  pounded  and  placed  in  water  kept  at  a  temperature 
of  from  68*  to  77%  becomes  warm,  and  after  a  few  days,  the 
K^idd  is  found  to  contain  much  lactic  acid.  This  is  a  pure 
Isctic  fermentation,  without  any  production  of  mannite.  But 
animal  matters  prepared  in  a  similar  manner  oft:en  modify  sugar 
quite  differently,  very  little  lactic  acid  is  formed  but  con- 
nderable  quantities  of  mamiite  and  the  viscid  matter.  Fre- 
qbently  indeed  the  sugar  is  wholly  changed  into  alcohol  and 
Clibonic  acid.  The  albuminous  ferments  in  different  stages  of 
decomposition  produce  different  fermentations.  (Annales  de 
Chimie,  &c.,  3  s^rie,  ii,  2570 

LACTIC  ACID. 

Formula  of  the  acid  combined  with  oxide  of  zinc : 
C5H505=L;    of  the  hydrated  acid  HO  +  C6Hfi05=HOL,; 
if  the  sublimed  acid  C^Hfi^. 

^ .  Other  sources  of  lactic  acid,  are  the  whey  of  milk,  in  which 
it  is  formed  while  the  latter  becomes  sour,  human  urine,  and 
probably  most  other  animal  fluids,  the  juice  of  fermented 
fabbage  or  sour-crout,  and  the  fermented  extracts  of  rice  and 
af  naz*vomica,  the  spent  ley  of  tanners,  and  the  sour  water 
of  the  starch  manufacture,  from  which  lactic  acid  has  been 
.prepared  for  sale. 

:.,.The  process  for  lactic  acid  recommended  by  Boutron  and 
fVemy  consists  in  miadng  8  or  12  pints  of  milk,  with  a  solution 
of  8  or  12  ounces  of  milk  sugar  in  water,  and  leaving  the  liquid 
opoaed  to  air  in  an  open  vessel  for  several  days,  between 
fiS*  and  77^  The  liquid  being  now  found  very  acid,  is  neu- 
tialiaed  with  bicarbonate  of  soda ;  aft^er  twenty  four  or  thirty 
llOlirs,  being  again  acid,  it  is  saturated,  and  the  saturation 
lapeated  till  all  the  milk  sugar  is  converted  into  lactic  acid. 
Wlien  it  is  supposed  that  the  transformation  is  complete,  the 
viiik  is  boiled  to  coagulate  the  caseum ;  and  the  liquid  filtered 
and  evaporated  to  a  syrupy  consistence,  with  caution  at  a 
moderate   temperature.     The  product  of  the   evaporation  is 
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taken  up  by  alcohol  at  100%  which  dissolves  the  bcUite  of  sodi* 
Sulphuric  acid  added  in  proper  quantity  to  the  alcoholie  solnlioa, 
forms  sulphate  of  soda,  which  precipitates^  and  the  Uqiiid  yiddi 
by  evaporation  lactic  acid  nearly  pure.  To  purify  the  aciil,  it 
luay  he  converted  into  lactate  of  lime,  which  crystallises  irotD^ 
diately  in  tufts  which  are  perfectly  white.  From  (his  idt 
lactic  acid  may  be  again  separated  by  means  of  sulphuric  adiL 
Or,  the  original  lactic  acid  may  be  saturated  with  any  othif 
basC;,  and  crystidlized  lactates  obtained  in  a  very  short  time. 

Concentrated  to  a  maximum  by  evaporation^   lactic   add  is  a    . 
thickj  colourlessj  uncrystallizable  liquid,  of  density  1.215,  viflH 
out  smell,  and  having  a  strong  sour  taste,  which  is  acaicl^ 
sensible  when  the  acid  is  dilute.      It  is  soluble  in  wsLttx  lod 
alcohol.     Lactic  acid  dissolves  the  phosphate  of  lime,  a  juropatf 
which  some  acids,  particularly  the  acetic^  do  not  posaesaf  il 
coagulates  milk  when  warmed.      When  heated  to  482*  (25tf 
cent.),  it  undergoes  a  decomposition,  water  and   several  odi«r 
secondary  products  appearing,  but  the  principal  product  bcian 
a  white   crystalline   sublimate,   of  which   the   composition  if 
CgH404;    that  is,   anhydrous   lactic    add   minus    1    atom  of 
water, 

Tliis  new  acid  may  be  purified  by  dissolving  the  subHmate  in 
boiling  alcohol,  from  which  it  precipitates  oh  cooling,  in  the 
form  of  rhomboidal  tables,  of  a  brilliant  whiteness,  which  hftTe 
a  weak  sour  taste,  are  fusible  at  224.6**  (10/**  cent,),  and  subtiiM 
at  482**  without  alteration.  These  crystals  are  very  slowly 
soluble  in  cold  water,  but  dissolve  easily  in  boiUng  water;  the 
acid  then  assumes  2  atoms  of  water  and  returns  to  the  conditiuii 
of  hydrated  lactic  acid. 

In  the  lactates,  tlie  single  atom  of  basic  water  only  of  tlie  fcf- 
mula  is  replaced  by  a  metallic  oxide ;  no  acid  lactates  are  kR<iW% 
but  some  basic  salts  of  zinc  and  the  magnesian  metals  appesf  li 
exist,  which  have  not  been  studied.  They  are  all  sohible  is 
water;  lactate  of  zinc  is  the  most  sparingly  soluble. 

Lactates. — No  lactate  of  oxide  of  ethyl  has  been  foniitd. 
The  lactates  of  potash^  soda  and  ammonia  arc  deliquescent,  sod 
do  not  affect  a  regular  form.  ITie  lactate  of  baryit*  is  simlhtv 
Lactate  of  iime  exists  to  the  extent  of  2  or  3  per  cent  in  iMtt 
vomica.  It  crystallizes  in  colourless  needles  radiating  froiot 
centre,  which  contain  5  atoms  of  water  of  crystalliitation,  I^^ 
tate  of  zinc  is  crystallized  by  the  cooling  of  a  boiling  soluliont 
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In  four-sided  prisms,  terminated  by  summits  truncated  obliquely; 
they  contain  3  atoms  of  water.  Alcohol  produces  iti  the  aque- 
ous solution  a  white  precipitate  of  a  basic  salt^  which  dissolves 
in  WEter  and  crystallizes  5  it  appears  to  contain  3  atoms  of 
oxide  of  zinc*  Lactate  of  magnesia  crystallizes  in  small  plates, 
containing  3  atoms  of  water ;  it  dissolves  in  30  parts  of  cold 
water.  The  lactates  of  alumina^  nickel^  lead  and  mercury  are 
very  soluble  in  water,  and  do  not  crystallize  in  a  regular 
form.  Lactates  of  protomde  of  iron^  FeO,L+'3lIO,  of  oxide  of 
capfier^  CuO,L  -1-2  HO,  and  of  silver  are  crystallizaUe. 

Lactate  of  urea  was  discovered  by  MM.  Cap  and  Henry  in 
urine.  It  may  be  formed  artificially  by  the  d<iuble  decompo- 
sition of  lactate  of  Ume  and  oxalate  of  urea,  the  oxalate  of  lime 
being  separated  by  a  filter,  and  the  liquid  evaporated  by  a  gentle 
heat.  The  evaporation  is  terminated  in  vacuo  near  concentrated 
sulphuric  acid.  Lactate  of  urea  cr)"stalli2es  in  colourless  hexago- 
nal needles,  of  a  sharp  and  cooling  taste,  which  are  deliquescent. 
At  a  moderate  heat  it  enters  into  fusion,  and  sublimes  without 
alteration.  Lactate  of  urea  differs  from  the  oxalate  and  nitrate 
of  urea  in  not  containing  1  atom  of  water  of  combination  which 
these  possess. 

SECTION  X. 


OIL  OF  GEAIN-SPIRITS  OR  FOUSEL  OIL,  AND  BODIES  DERIVED 

TROM  IT. 

AMVL  SERIES  OF  COMPOUNDS. 

^^yh  C,0  H^j— Ayl  J  the  hypothetical  radical  of  a  series  of 
compounds,  of  which  the  hydrate  of  the  oxide  has  long  been 
known  ns  fomel  oily  or  as  the  oil  of  grain'Spirits  or  potatoes^ 
as  it  18  produced  in  the  fermentation  of  unmalted  grain 
and  potatoes,  along  with  alcohol,  and  distils  over  with  the 
latter.  It  has  been  studied  very  fully  by  M.  Cahours  (An. 
de  Chim.  &c.  hex.  81,  and  Ixxv.  19S),  There  is  every  rea- 
son for  considering  this  body  as  an  alcohol^  the  most  striking 
analogy  existing  between  oil  of  potatoes  and  ordinary  alcohol. 
This  will  be  made  sufficiently  evident  by  the  following  table,  in 
which  the  corresponding  compounds  of  the  ethylic  and  amilic 
arc  compared : 
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^^g  HYDRATE  OF  OXIDE  OF  AMYL.  fttS 

eYDRATE  OF  OXIDE  OF  AMYL,    OIL  OF  POTATOES,    AND   OF 
GRAIN    SPIRITS. 

Syn.  FoumI  oU^  amiUc  alcohol^  hihydrate  of  amylene  ,-  C4oHiiO, 
HO  (Dumas). 

In  distilling  the  fermented  wash  of  ^rain  or  potato  spirits,  a 
milky  liquid  comes  over  towards  the  end  of  the  process,  and  an  oil 
subsides  after  a  tinie,  which  is  hydrate  of  oxide  of  am yl,  mixed 
with  nearly  an  equal  quantity  of  alcohol  and  water.  To  purify  the 
crude  product,  it  is  agitated  with  water  several  times,  left  in 
cx)ntact  with  cldoride  of  calcium  for  some  time,  and  distilled 
again.  The  alcohol  and  water  come  off  first,  and  the  boiling 
point  of  the  liquid  rises  to  SGt^^G  (132*  centig,)j  when  the  re- 
ceiver should  be  changed,  as  what  then  passes  over  is  perfectly 
pure* 

Hydrate  of  oxide  of  amyl  is  a  colourlessj  limpid,  oily  liquid, 
of  which  the  odour,  at  first  agreeable,  soon  becomes  rank  and. 
nauseous.  The  inspiration  of  its  vapour  occasions  spasmodic* 
pains  in  the  chest,  with  coughing  and  even  vomiting.  It  burns 
with  a  bluish  white  flame.  Its  taste*  is  very  acrid.  It  stains 
paper,  but  the  stain  disappears  after  a  time.  Tlie  density  of 
this  liquid  is  0.8124  at  50°;  its  boiling  point  269^.6j  the  density 
of  its  vapour  3147,  of  wliich  the  combining  measure  contains 
4  volumes;  it  freezes  at  — 2  or  — 4"  in  crystalline  lenfletsi* 
Water  dissolves  a  small  quantity  of  it  so  as  to  acquire  the  odomP 
of  the  oil;  it  is  miscible  in  all  proportions  with  acetic  acid/ 
alcohol,  ether,  the  fat  and  essential  oils,  1 1  may  be  mixed  also 
with  solutions  of  caustic  potash  and  soda;  when  heated  with 
hydrate  of  potash,  hydrogen  gas  is  given  off,  and  the  valerate  of 
potash  formed*  When  distilled  with  anhydrous  phosphoric] 
acid,  it  yields  a  liquid  hydrocarbon,  to  which  Cahours  has  given 
the  name  of  amUrne, 

Hydrate  of  oxide  of  amyl  unites  directly  with  bichloride  of 
tin,  according  to  Gerhardt^  and  forms  a  crystalline  compound, 
which  is  decomposed  by  water. 

Chloride  of  amyl^  C|4H,i,Cl  ■=■  Ayl  CL  This  compound  is 
obtained  by  distilHng  equal  parts  of  oil  of  potatoes  and  perchlo- 
ride  of  phosphorus-  In  a  state  of  purity,  it  is  a  colourless 
Uqtiidl,  of  a  pretty  agreeable  odour,  insoluble  in  water,  boiling 
about  215''.6   (102**  centig.),  perfectly  neutral  to  test-paper,  and 

Ting  no  action  upon  a  solution  of  nitrate  of  silver. 
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Chlorinated  chloride  of  awyljC^Q  rti' CI.     This    subsUinee  b 

the  ultimate  product  of  the  action  of  chlorine  gas  apoti  the  oB  ill 
a  bottle  exposed  to  the  sun,  and  is  formed  by  tlie  substilutiofi  ol 
8  aloras  of  chlorine  for  8  atoms  of  hydrogen.  It  is  a  eotaarkn 
liquid,  of  a  strong  odour,  sui^gesting  that  of  camphor • 

Bromide  and  iojUide  of  amy  I  were  also  formed  by  CahonTS. 
Caustic  alkalies  dissolved  in  water  attack  them  with  difficulty, 
but  the  same  bodies  dissolved  in  alcohol  decompose  these  ethers 
with  much  facility.  The  iodide  of  amyl  is  produced  by  diJtilHej 
at  a  gentle  lieat^  a  niixture  of  8  parts  of  iodine,  15  parts  of 
hydrate  of  oxide  of  amyl,  and  1  part  of  phosphorus*  Tta 
density  of  its  vapour  is  GG^S,  and  combiaing  measuft  4 
volumes. 

Acid  sulphate  of  oxide  ofamyl^  sulphoamUtc  acidy  is  formed  when 
the  barytes  of  the  following  salt  is  exactly  precipitate  ta 

sulphuric  acid;  it  may  be  evaporated  to  a  syrupy  cot;...  u...^  m 
air  or  in  vacuo,  and  is  sometimes  obtained  in  the  form  of  vrty 
fine  needles.  Its  solution  is  decomposed  by  hent.  Wbn 
neutralised  with  bases,  it  forms  a  class  of  salts^  r^»"  ^Tilii!if^ml- 
lates,  which  are  all  soluble  in  water* 

Sulphate  of  oiaxle  of  aimjl  and  barytes^  BaO,  AylO,  S^OiT 
3  IlO.  This  salt  is  prepared  by  mixing  equal  parts  of  concta* 
trated  sulphuric  acid  and  hydrate  of  o.Yide  afao»yl,  and  iit«- 
tralising  with  carbonate  of  barytes  ;  sulphate  of  barytes  pfedlfl- 
tates,  while  sulphate  of  barytes  and  oxide  of  amyl  remains  b 
solution,  and  may  be  crystalUzed  by  evapomtioti  after  boat 
purified  by  animal  charcoal.  It  forms  pearly  cf}*stalline  letllctST 
which  arc  very  soluble  in  water  and  in  alcohol,  but  scaroeK 
dissolve  in  ether.  The  crystals  contain  3  atoms  of  water ;  irfc» 
dried  at  2\2^  they  retain  only  2  atoms;  the  dry  salt  is  decom- 
posed at  392^  (200"  centig.)  Its  solution  is  decomposed  In 
boiling,  with  escape  of  hydrate  of  oxide  of  amyl. 

Sulphate  of  oa:ide  of  amy  t  and  potash  forms  colour  I  ts**  mx 
or  plates,  grouped   about  a  common  centre,  is   vcrv  snlijTe^ 
water  and  alcohol,  and  has  a  very  bitter  taste^ 

Sulphate  of  oxide  of  amyl  mid  iead  cry %t  **' 
of  water.     Its  solution  is  decomposed  by  i 
ofthe  salt  of  barytes.      The  salt  of  lime  is  siraihr  in  cowp- 
sition. 
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Aceiaie  of  oxide  of  amyl,  CioH,iO,C^H303=AylO,Ac03. 
It  is  produced  by  distilling  a  mixture  of  2  parts  of  acetate  of 
potash,  1  part  of  hydrate  of  oxide  of  amyl^  and  1  part  of  con- 
centrated sulphuric  acid.  It  is  a  colourless  Uquid,  of  an  aro« 
matic  and  ethereal  odour,  lighter  than  water,  boiling  about  257®; 
inaoluble  in  water,  but  soluble  in  alcohol,  ether,  oil  of  potatoes^ 
0Ig.  Placed  in  contact  with  an  aqueous  solution  of  potash,  it  is 
dtered  very  slowly ;  an  alcoholic  solution  of  the  same  base,  on 

.  tiie  contrary,  alters  it  rapidly,  an  alkaUne  acetate  is  produced, 
ud  the  oil  is  regenerated.    The  density  of  its  vapour  is  4475, 

-  and  combining  measure  4  volumes. 

H 
Chlorinated  acetate  of  oxide  of  amyU  C^o  ^^   O  +   C^  H3  O3. 

Tliia    compound    is    formed     when    the  acetate  is    saturated 

with  chlorine  gas  at  a  temperature  increasing  to  2\2^.     It  is  a 

C)ploarIess  neutral  liquid,  insoluble  in  water ;  and  corresponds 

,  A  composition  with  the  clilorinated  acetic  ether  of  Malaguti. 

.^|jk  is  a  liquid  body,  which  becomes  yellow,  and  is  altered  by  a 

,^^aat  above  802^     When  exposed  again  to  chlorine  gas  in  sun* 

fliuie,  this  liquid  absorbs  the  gas,  and  a  crystalline  product  is 

ibrmed   containing  more  chlorine,  but  which  has    not    been 

analysed. 

,    Valeric  or  valerianic  aculj   HO,C,oHg03.      Oil  of  potatoes 
becomes  acid   when  kept  in  contact  with  air.     M.   Cahours 
aas  observed,  that  if  platinum  black  be  heated,  and  the  oil  be 
.allowed  to  fall  upon  it  drop  by  drop  in  no  greater  quantity  than 
.  ia  imbibed,   oxidation  occurs,  and   an   acid   liquid   volatilises, 
vbicb  has  all  the  properties  of  valerianic  acid,  the  acid  obtained 
'.  tgr  distillation  of  the  root  of  valerian   {Valeriana  officinalis)  with' 
,  water.      Two  atoms  of  hydrogen  in  the  oil  are  replaced  by  2 
Itoms  of  oxygen.  Oil  of  potatoes  corresponds  in  this  respect  with 
.  alcohol  and  wood-spirit,  which  are  converted  in  similar  circum- 
atances,  by  the  substitution  of  2  atoms  of  oxygen  for  2  atoms 
of  hydrogen,  into  peculiar  acids,  the  acetic  and  formic  acids. 
But  valerianic  acid  was  first  obtained  from  the  oil  by  MM.  Du- 
mas and  Stass,  by  distilUng  it  with  hydrate  of  potash.     One 
part  of  the  oil  was  covered  in  a  retort  by  about   10  parts  of  a 
mixture  of  equal  parts  of  hydrate  of  potash  and  quicklime ;  and 
distilled  by  a  metallic  bath  at  about  392'*  (200o  centig.) ;  hydrogen 
gas  comes  over,  and  valerate  of  potush  is  formed.    The  mass  is 
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DeutTfdised  by  a  slight  eiecess  of  sulphuric  add,  and  dtstilW  ta 
separate  the  valeric  acid.     At  the  same  time,  a  portioii  of  * 
drate  of  oxide  of  amyl  comes  over,  accompanied  by  a  E 
having  the  composition  of  a  valeric  aldehf^de. 

Obtained  from  pure  valerate  of  soda,  mixed  with  a  tltglil 
excess  of  phosphoric  acid,  valeric  acid  is  a  colourless  oil,  liglit^ 
than  water,  and  possessed  of  a  persistent  and  characterirtk 
odour  which  rccals  that  of  the  root  of  valerian,  with  a  ahaip 
and  acid  taste.  The  protohy drate  produces  a  white  spot  an  tJIt 
tongue;  its  density  is  0.93?  at  61*^,7  ( I e^'^S  centig.) ;  it  b<fl^fl 
without  change  at  about  347°  (17^**  centig.) ;  it  remains  liquid^^^ 
5**.  It  inflames  easily,  and  bums  with  a  white  and  unoky 
flame.  The  density  of  the  vapour  of  this  hydrate  is  B&SO  by 
experiment^  3550  by  theory ;  its  combining  measure  4  Toltnncii 
in  which  respect  it  differs  firom  acetic  acid.  Valeric  add^ 
agrees,  however,  with  that  acid  in  forming  a  terhydrmte,  tte 
condition  in  which  valeric  acid  is  always  obtained  when  sepamtsd 
from  its  salts  dissolved  in  water.  Placed  in  contact  with  wiiai 
valeric  acid  dissolves  a  certain  quantity  of  it|  the  water  on  iti 
part  dissolves  the  acid  considerably. 

Valerates, — These  salts  are  in  general  soluble  in  water.  The 
valerates  of  poiagk  and  barytes  are  not  crystallizablc*  Tt)C 
valerate  of  nlver  is  a  heav}^  crystalline  powder,  of  sparing  solu- 
bility, which  might  be  confounded,  from  its  appearmnoe,  with 
the  fulminate  of  the  same  metal. 

MNL  Dumas  and  Stass  formed  two  acids  by  the  actieti  of 

chlorine  upon  valeric  acid,  chlorovakri^cacidt  C^^  p/  O,  +  U0^ 

in  which   3  atoms  of  hydrogen  are  replaced  by   a   atoms   4# 

chlorine,  and  chlorovakrosic  add,  Cj^  q.*  O3  +  HO,  in  whidi  4 

atoms  of  hydrogen   are  replaced  by  4  atoms  of  cblorijie, — (Ab. 
de  Chim.  Ixxiii,  136.) 

Amilmiej  C^^W^^^  a  liquid  hydrocarbon,  obtained  by  diatiUiiig 
hydrate  of  oxide  of  amyl  repeatedly  with  anhydrous  phospbofio 
acid.  It  is  colourless,  possesses  a  peculiar  aromatic  odour,  ia 
lighter  than  water,  and  contains  no  oxygen.  It  hoik  at  Jilf  f 
the  density  of  its  vapour  is  5061  by  experiment,  and  4Wi  bf 
calculation,  its  combining  measure  2  volumes. 
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SECTION  XI. 
ETHEREAL  OIL  OF  WINES. 

The  characteristic  odour  of  wine  by  which  it  is  distinguished 
from  dilute  alcohol,  is  due  to  a  particular  substance,  possessing 
the  properties  of  an  essential  oil.  This  is  common  to  all  wines, 
and  u  not  to  be  confounded  with  the  principle  which  is  gene- 
liUy  termed  the  flower,  aroma  or  bouquet  of  individual  ^nes, 
wkigii  is  not  volatile,  and  appears  to  be  different  in  diverse 
IdndA  of  wine  and  to  be  altogether  wanting  in  many  kinds. 
.  -  lliiB  oil  is  less  volatile  than  alcohol,  and  a  small  quantity  of 
it  is  found  in  the  still  after  the  distillation  of  a  large  quantity  of 
ymit.  The  same  oily  liquid  is  also  obtained  on  distilling  the 
laes  of  wine,  especially  what  is  deposited  at  the  bottom  of  the 
Ikd  After  the  fermentation  has  begun*  It  constitutes  about 
^«4w  part  of  wines.  This  oil  belongs  to  the  class  of  compound 
ftfiers,  and  contains  a  new  acid,  which  has  been  named  cmon- 
DUc  aeid^  in  combination  with  ether ;  the  oil,  therefore  falls  to 
Vwuned  oenanthic  ether. 
,,<Erumihic  ether,  C4H50,Ci4H,302.  The  crude  ether  con- 
IpiUl  a  variable  quantity  of  free  acid  in  a  state  of  mixture ; 
^jBing  more  volatile  than  the  acid,  the  oil  may  be  separated  from 
H  by  a  simple  distillation,  collecting  only  the  first  fourth  of  the 
-grodacL  To  obtain  it  perfectly  pure,  it  is  preferable  to  agitate 
die  oil  frequently  with  a  hot  solution  of  carbonate  of  soda,  which 
misolves  the  free  acid  without  altering  the  ether.  The  small 
Quantity  of  water  and  alcohol  it  retains  may  be  withdrawn  from 
it  by  digestion  with  chloride  of  calcium. 

The  ether  purified  in  this  manner,  is  very  fluid,  colourless 
widi  the  odour  of  wine  extremely  strong,  and  almost  intoxicating 
when  closely  inspired.  Its  taste  is  very  strong  and  disa- 
graeable.  It  dissolves  easily  in  ether  and  in  alcohol,  even 
when  the  latter  is  pretty  dilute ;  water  does  not  sensibly  dis- 
solve it.  Its  density  is  0.862,  its  volatility  very  feeble ;  it  boils 
between  437  and  446*  (2«5  and  23(r  centig.) ;  the  density  of 
its  vapour  is  by  experiment  10508,  by  calculation  1047^.9,  its 
combining  me^asure  2  volumes.     CEnanthic  ether  is  instantly 
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decomposed  by  caustic  alUtdies,  but  is  not  sensibly  affected 
alkaline   carljonates,    nor   by   ammonia.       When    boiled 
caustic  potash,  it  disappears  in  a  few  seconds^  a  consii 
quantity  of  alcohol  distils  over,  and  the  liquor  contaiiis 
pound  of  a^nanthic  add  and  potash,  which   is  very  soluble  in 
water.  ^H 

(Enanthic  acidy  KO,  Ci^HigO^.     When  separated  from   8P^ 
alkaline  combinations,  well  washed  with  hot  water  and  driedp 
this  acid,  at  55**7>  is  of  the  consistence  of  butter  and  pcrfecdy 
white,  but  at  a  higher  temperature  it  melts  and  forms  a 
less  oil,  without  taste  or  odour,  which  reddens  litmus,  dissoli 
easily  in  caustic  alkalies  and  in  alkaline  carbonates.    I  r 
easily  iji  alcoliol  and  ether.      This  acid,  like  all  the  J 
forms   two    series  of  salts,  one  acid  in  composition,  with* 
however,  manifesting  a  sensible  acid  re-action,  the  other  neui 
in   composition,   which   exhibits    a   well-marked    alkalina 
action. 

Hydrated  (Enanthic  acid  submitted  to  distillation  abai 
its  water,  and  becomes  anhydrous,  Cj^Hj^O^,  M^ter  and  a  litdc 
of  the  hydrated  acid  distilling  over.  The  boiling  poiatofUit 
anhydrous  acid  is  more  elevated  than  that  of  the  hydrated  aciit, 
as  also  is  the  point  of  fusion  of  the  former ;  tiiscd  anhrdTOtJ* 
oenaothic  acid  becoming  solid  about  87".8  (31**  centig/ 

CEnanthic  ether  may  be  reproduced  by  means  of  tlic  isolated 
cenanthic  acid.      When  5  parts  of  sulphovinate  of  potash  ut 
heated  with   1    part  of   hydrated   cenanthic   acid,   the   mi 
fuses  ;  and  if  it  is  heated  to  30i*  (150"  centig.)»  an  oily  liquid 
seen  to  form  on  its  surface,  which  is  a  mixture  of  cenant 
ether  and  oenanthic  acid  still  free.     If  this  oily  layer  be  scj*- 
rated  and  lieated  with  a  solution  of  carbonate  of  fioda,  the  frre 
acid  is  dissolved  and  the  ether  remains  in  a  state  of  purity. 
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CHAPTER  IIL 

PRODUCTS  OF   THE  DRY  DISTILLATION   OF   WOOD. 


The  principal  products  of  tlie  destructive  distillation  of  i 
nt  a   red  heat,  are  the  charcoal  which  remains  in  the  rrtoii 
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gaseous  compounds  of  carbon,  a  watery  fluid  containing  acetic 
acid,  and  a  black  odorous  oily  mass,  known  as  tar.  The  two 
last  products  are  highly  variable  mixtures  of  a  great  many  sub- 
stances, of  which  the  one  that  demands  our  first  attention  is 
pyrozylic  spirit,  or  wood  spirit. 

SECTION    1. 

METHYL  SERIKS  OF  COMPOUNDS. 

Formula  of  methyl,  C2ll3=Me. 

A  volatile  combustible  spirit,  soluble  in  water,  was  first  ob- 
tained from  the  dry  distillation  of  wood  by  Mr.  P.  Taylor. 
Tbe  composition  and  chemical  nature  of  this  spirit  and  of  the 
eompounds  it  forms,  with  their  extraordinary  parallelism  to 
alcohol  and  the  compounds  derived  from  alcohol,  were  ascer- 
tained by  MM.  Dumas  and  Peligot,  and  published  in  their 
important  memoir  on  wood-spirit  {\n.  de  Ch.  Iviii,  5).  Wood- 
spirit  is  the  alcohol  of  a  particular  series  of  compounds,  being 
the  hydrated  oxide  of  a  new  radical  methyl,  which  resembles 
atfayl  perfectly  in  its  functions,  but  diflers  in  its  composition, 
eontaining  2  atoms  less  of  carbon  and  2  atoms  less  of  hydrogen. 
Tie  oxide  of  methyl  is  a  base  like  the  oxide  of  ethyl  or  ether, 
and  forms  acid  and  neutral  salts  like  the  latter.  By  the  abstrac- 
tion of  2  atoms  of  hydrogen  from  methyl,  another  radical  for- 
myl  is  produced,  as  acetyl  is  derived  from  ethyl,  and  having  an 
acid  oxide  formic  acid,  corresponding  with  acetic  acid.  Methyl 
has  not  been  isolated. 

OXIDE  OF   METHYL. 

Formula  C2H30=MeO. 

Syn.  Methylic  ether. — ^This  compound  is  prepared  by  dis- 
tilling wood  spirit  with  4  parts  of  sulphuric  acid,  and  trans- 
mitting the  gas  which  comes  over  first  through  a  bottle  contain- 
ing milk  of  lime  and  afterwards  through  several  bottles  filled 
with  pure  water.  The  latter  dissolves  the  oxide  of  ethyl ;  the 
gas  is  evolved  on  boiling  its  solution,  and  must  be  collected  over 
mercury.  Oxide  of  methyl  is  a  colourless  gas  of  an  agreeable 
ethereal  odour,  not  liquified  by  a  cold  of-h3".J  ( — 16"  cent.), 
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and  combustible;  water  disBolves  3?  volumes  of  thit  gas, alcolml, 
hydrate  of  oxide  of  methyl  and  concentrated  sulphuric  add 
much  larger  proportioiis.  It  separates  from  the  latter,  on  diln-' 
tion  with  water;  tlie  density  of  the  gas  is  by  expoiment  164JS, 
by  calculation  1570,  and  its  combining  measure  2  Tolomes. 

Oxide  of  methyl  combines  directly  with  the  vapour  of  ankf  • 
drous  sulphuric  acid,  in  a  glass  balloon  ciirefully  cooled^ 
forms  the  neutral  sulphate  of  oxide  of  methyl  (Regnault). 

HYDRATE  OF  OXIDE  OF  IfETHYL,  OR  WOOD  SPIRIT. 


Formula,  C2H3O  +  HO=MeO  -h  HO. 

Syn,  Pyroxylic  spiriL — In  tlie  process  of  purifyiiig  tbe 
vinegar  from  wood,  the  crude  acid  is  saturated  with  lime  atid 
concentrated  by  evaporation.  The  first  portion  of  liquid  wUdi 
distils  o%'er  contains  the  wood  spirit,  which  is  concentrated  bf 
repeated  rectification.  The  wood  spirit  or  pyroxylic  spirit  of 
commerce  is  a  heterogeneous  mixture,  containing  besides  the 
hydrate  of  oxide  of  metltyl  which  forms  the  larger  part  of  it, 
acetone  and  several  other  combustible  liquids.  To  purify  tine 
wood  spirit  it  is  poured  over  an  excess  of  chloride  of  caldiia 
in  a  retort,  and  distilled  by  a  water-bath  heat,  which  expdi 
acetone  and  other  liquids  and  leaver  the  wood  spirit  united  widi 
the  chloride  of  calcium.  A  measure  of  water  equal  to  tilt 
original  volume  of  the  wood  spirit  is  then  added  to  the  retort, 
and  the  distillation  continued ;  the  latter  liquid  comes  (jf«r 
diluted  with  a  small  quantity  of  water,  from  which  it  may  be 
se]>arated  and  obtained  anhydrous  by  another  distillation  from 
quicklime* 

Wood  spirit  is  a  volatile  colourless  liquid^  of  an  alcohotk 
but  at  the  same  time  emjiyreumatic  smell  and  taste.  It  is  vtfj 
inflammable  and  burns  with  a  pale  flame  like  alcohol.  It  if 
neutral,  mixes  when  pure  with  water,  without  becomitig  tttrili4 
and  is  also  miscible  with  alcohol  and  ether.  Its  dewtf  » 
0.79  B  at  eS^i  it  boils  at  140**  according  to  Kane,  and  at  151*4 
(G6".5  cent)  according  to  Dumas,  The  density  of  its  vnpoor  11 
by  experiment  1120,  by  calculation  11 10;  its  combiniiig  mci* 
sure  4  volumes. 

Hydrate  of  oxide  of  methyl  dissolves,  with    the  aid  of  licili 
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HmU  portionB  of  sulphur  and  phosphorus ;  it  dissolves  also 
many  resins,  and  is  used  in  making  spirit  varnishes,  and 
with  most  volatile  oils  ;  its  solvent  power  is  indeed  very 
to  that  of  alcohol.  Wood  spirit  is  acted  upon  by 
cblorine,  peroxide  of  manganese  and  sulphuric  acid  and  by  other 
giidating  agents,  like  alcohol,  yielding  analogous  products.  It 
ift  wiao  decomposed  by  potassium,  with  disengagement  of  pure 
hydrogen. 

'Anhydrous  barytes  is  dissolved  by  pure  wood  spirit  with 
evolution  of  much  heat,  although  not  dissolved  by  alcohol,  and 
a  compound  formed  MeO,HO-f  BaO,  which  crystallizes  in 
needles  of  a  silky  lustre.  Wood  spirit  likewise  dissolves 
Bme* 

Chloride  of  calcium  dissolves  in  wood  spirit  and  crystallizes 
m  strong  solution  in  large  hexagonal  tables,  which  deliquesce 
•ir;  they  contain  2  atoms  of  hydrate  of  oxide  of  methyl 
ited'with  1  atom  of  chloride  of  calcium.  Dr.  Kane  recom- 
iwnds  the  decomposition  of  this  salt  by  heat  as  the  best  source 
of  fmrewood  spirit. 

,  *  Chloride  of  methylj  CjHgjCl  =  MeCl. — ^This  compound  is 
pgoduced  by  the  reaction  of  hydrochloric  acid  and  hydrate  of 
ende  of  methyl  upon  each  other : 

MeO  +  HO  and  ClH=MeCl  and  2HO. 

Bat  it  is  best  obtained,  as  are  all  the  halogen  compounds  of 
jttetfiyl,  by  distilling  neutral  sulphate  of  oxide  of  methyl  with  a 
BMtallic  salt  of  the  proper  salt  radical,  or  better  a  mixture  of  sul- 
j^lmric  acid,  hydrate  of  oxide  of  methyl  and  the  metalUc  salt.  The 
salt  used  in  the  present  case  is  chloride  of  sodium.  Chloride  of 
niefiiyl  is  a  colourless  gas  of  an  ethereal  odour  and  sweet  taste,  of 
Ivldch  the  density  is  1737.8  by  experiment,  and  1729  by  calcula- 
ficm ;  the  combining  measure  is  4  volumes.  Water  dissolves  2.8 
^^HAnmes  of  this  gas  at  60''.8  (16''  centig.) ;  it  is  not  liquified  by  a 
(Did  of  — 0.4'  ( — 18®  centig.)  It  will  be  remarked  that  the 
iUoride  and  oxide  of  methyl  are  both  considerably  more  volatile 
tiian  the  chloride  and  oxide  of  ethyl. 

Iodide  of  methyl,  Mel ;  a  colourless  liquid,  which  bums  with 
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diflSculty,  boQing  between  104"  and  122";  its  (?(*n^itv  U  5.2:^7  bX 
edS'  {ir  ccntlg.) 

Fluoride  of  methyl^  MeF ;  obtained  by  distiUiug  sulptuUfl^Ml 
oxide  of  inctbyl  with  fluoride  of  potassium  ;  a  cokmflesft  gpiJH 
which  the  density  is  1186  ;  water  dissolves  1,5  Tolttroes  of  it* 

Cyanide  of  methyl^  MeCy ;  an  ethereal  Uquidi  insolixble  ift 
water. 

8ulphuret  ofmeihtily  MeS;  a  very  limpid  Uqutd  of  which  the 
odour  is  extremely  disagreeable.  Its  density  is  U-H45  at  69'^j 
and  its  boiling  point  105**.8  (41*  centig.)  The  density  of  it» 
I'apour  is  by  experiment  21 15,  by  theory  2158  ;  ita  combining 
measure  2  volumes,  Sulphuret  of  methyl  is  formed,  when 
chloride  of  methyl  is  transmitted  through  an  alcoholic  sobtioa 
of  protosulphuret  of  potassium,  by  double  decompoaitton. 

Sulphydrate  of  s^ilphurvt  of  methyl  or  methylic  rnereaptm  h 
obtained  as  a  colourless  liquid^  lighter  tJian  water,  which  boili 
at  69^8  and  acts  upon  oxides  of  mercury  and  lead  like  sulph- 
hydrate  of  sulphuret  of  ethyl  (Gregory). 

OXYGEN  SALTS  OP  METHYL. 

Tlie  salts  of  oxide  of  methyl  correspond  so  closely  with  \kom 
of  ethyl  that  knowing  the  history  of  one  class  it  is  eisy  to 
predict  the  properties  of  the  other.  Anhydrous  metallic  oxidei 
do  not  alter  them,  while  the  hydratcd  alkalies  disengage  hydnttt 
of  oxide  of  methyl  from  them  with  great  facility* 

Neutral  mlphate  of  oxide  of  methyl^  MeO,  SO,. — ^This  meiobtr 
of  the  methyl  series,  which  has  no  analogue  in  the  ethyl  tcii«i| 
is  formed  when  oxide  of  methyl  and  anhydrous  sulphuric  acid 
are  brought  into  contact.      It  constantly    appears  ako  wfcea 
hydrate  of  oxide  of  methyl  is  distilled  with  sulphuric  acid«  lod 
in  larger  quantity  the  greater  the  proportion  of  ^ 
employed*     To  prepare  sulphate  of  methyl  it  is  ...  _. v. 
distil  1  part  of  hydrate  of  oxide  of  methyl  with  Bar  10  paitl 
of  sulphuric  acid.     When  purified  by  washing  with  walef,  and 
two  successive  distillations  with  chloride  of  csldum  aad  ^vidiL- 
lime,  sulphate  of  methyl  is  a  colourless  liquid  of  an  aUiactoi 
odour,  of  density  1.324   at   7  r.6  (22**  n  vhieh    boili  s£ 

370'».4  (IHH**  centig.),  and  may  be  distillcu  t  diaage*    TT^ 

density  of  its  vapour  is  i^B%A ;  it  is  composed  of  equal 
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<^ anhydrous  sulphuric  acid  and  oxide  of  methyl  condensed  into 
one  volume,  so  that  its  combining  measure  is  tlie  same  as  that 
of  oxide  of  methyl  or  4  volumes.  It  is  decomposed  very  slowly 
by  cold  water,  but  rapidly  by  hot  water,  tlie  acid  sulphate  of 
oxide  of  methyl  and  water  being  formed  and  oxide  of  methyl 
liberated.  This  compound  may  be  employed  in  preparing  all 
the  other  compounds  of  methyl,  which  are  derived  from  it  by 
double  decomposition. 

Acid  sulphate  of  oxide  of  methyly  bisulptuite  of  oxide  of  methyl^ 
tm^komethyltc  acid;  HO.  MeO-f  SjO^. — ^This  compound,  dis- 
covered at  the  same  time  by  MM.  Dumas  and  Peligot  and  by  Dr. 
Kane,  is  formed  when  concentrated  sulphuric  acid  is  mixed  with 
hydrate  of  oxide  of  methyl,  and  also  on  dissolving  the  neutral 
sulphate  in  boiling  water.  Obtained  by  the  last  method  and 
concentrated  by  evaporation  it  is  a  colourless,  syrupy,  very  acid 
liquid  which  in  dry  air  becomes  a  mass  of  white  crystalline 
n^dles.  It  combines  with  bases  forming  douJ)le  salts,  in  which 
the  basic  water  of  the  acid  is  replaced  by  a  metallic  oxide.  All 
these  salts  are  soluble  in  water.  The  double  salt  of  oxide  of 
ammonium  and  oxide  of  ethyl  has  not  yet  been  obtained. 

SulpJiate  of  oxide  of  methyl  and  potash^  MeO.KO,S206  4-  HO 
crystallizes  in  rhomboidal  tables,  which  have  the  lustre  of 
mother  of  pearl  and  deliquesce  in  damp  air.  Dr.  Gregory  has 
obtained  two  double  salts  by  dissolving  the  present  salt  in  a  satu- 
rated solution  of  ferrocyanide  of  potassium,  and  evaporating ; 
the  first  whicli  crystallizes  yellow  and  insoluble  in  alcohol,  is 
a  compound  of  ferrocyanide  of  potassium  and  ferrocyanide 
of  methyl;  the  second  a  white  salt  soluble  in  alcohol  is  a 
compound  of  sulphate  of  oxide  of  methyl  and  potash,  bisul- 
phate  of  potash  and  cyanide  of  methyl. 

Sulphate  of  oxide  of  methyl  and  barytes,  Me0.K0,S20g  + 
2HO ;  is  prepared  by  mixing  equal  parts  of  concentrated  sul- 
phuric acid  and  hydrate  of  oxide  of  metliyl,  and  heating  the 
mixture  to  its  boiling  point.  After  cooling,  the  liquid  is  diluted 
and  saturated  first  with  carbonate  of  barytcs  and  afterwards 
with  hydrate  of  baryles  ;  the  excess  of  the  latter  is  removed  by 
a  stream  of  carbonic  acid  gas,  and  the  liquid  evaporated  to  its 
cnrystallizing  point  by  a  gentle  heat.  The  salt  crystallizes  in 
colourless  tables  of  a  square  base  or  in  thin  transparent  plates, 
which  effloresce  in  air  and  may  be  made  anhydrous  in  vacuo. 

Sulpliate  of  oxide  of  methyl  and  lead,  PbO.MeO,SaOe  +  HO, 
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is  deliquescent.  It  has  likewise  been  obUined  wiUi  2  atomi  d 
water  of  crystallization  and  the  same  form  as  the  precetUng  s^t 
of  barytes  (Kane)t 

Nitrate  of  oxide  of  methyl^  MeO^  NO^, — The  action  of  mtric 
acid  upon  wood  spirit  is  different  and  much  leas  violent  tUin 
the  action  of  the  same  acid  upon  alcohol.  No  tiitrate  of  oxiild 
of  ethyl  is  formed,  indeed  such  a  compound  does  not  appear 
to  exist,  while  the  nitrate  of  oxide  of  methyl  is  very  easily 
obtained*  One  part  of  nitrate  of  potash  and  a  mixture  of  i 
parts  of  concentrated  sulphuric  acid  with  I  part  of  wood  spiril 
are  introduced  into  a  retort ;  the  mass  rises  greatly  in  tempera- 
ture, and  the  product  distils  over  without  the  necessity  for 
applying  artificial  heat ;  it  must  be  received  in  a  very  cold  coo- 
denser.  The  heavier  of  the  two  liquids  found  in  the  receiver  is 
nitrate  of  oxide  of  methyl  contaminated  with  a  portion  of  a  very 
volatile  compound  supposed  to  be  formiate  of  oxide  of  methyl, 
which  communicates  to  the  former  the  odour  of  hydrocyanic 
acid.  The  product  is  rectified  from  chloride  of  calcimn  and 
from  litharge ;  the  last  portions  which  distil  over  are  perfectly 
pure.  Nitrate  of  oxide  of  methyl  is  a  colourless  liquid  of  i 
weak  etliereal  odour,  which  inflames  with  facihty  and  burns  with 
a  yellow  flame;  its  density  is  i,822  at  TVS  (22**  centig.),  and 
boiling  point  150'^3  (GG"  centig.)  Its  vapour  heated  abott 
248"  is  decomposed  with  a  violent  detonation,  producing  car- 
bonic acid,  water  and  deutoxide  of  nitrogen.  This  etlier  t$ 
soluble  in  water,  and  miscible  in  all  proportions  with  alcohdi 
ether  and  wood  spirit. 

Neutral  carbonate  of  oxide  of  methyl  is  unknown;  tli€ 
double  carbonates  which  it  forms  with  alkaline  carbonates  went 
prepared  in  the  same  manner  as  the  correspondin^r  double  salla 
of  ethyl. 

Oxalate  of  oTide  of  me  thy  I ,  MeOjC^Oj,  is  a  white  soiia  irant- 
parent  and  brilhant  mass  composed  of  rhomboidal  tables ;  it 
fuses  at  12a**.8  (5 r centig.),  and  boils  about  ^2V.^  (ICJ^'c*- 
It  is  decomposed  by  water  and  resolved  into  hydrated  ujtauc 
add  and  wood  spirit.  Acid  oxalate  of  oxide  of  methyl  has  nol 
yet  been  obtained. 

Oxalate  of  oxide  of  methyl  and  oxamide  or  0x0***' 
formed  when  oxalate  of  oxide  of  metliyl  is  exposed  tu 
monia. 

Sulphocarbofiate  of  oxide  of  methyl  and  potash,  KO*M#0|C,S^ 
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^  Biefmiuraie  qf  oxide  of  methyl^  3  MeO.CygOe  +  GHO,  (Ri- 
diflrdson). 

Benzoate  of  oxide  of  methyl^  C2H30,Ci4H503=MeO,BzO. 
Acetate  of  oxide  qfmethyly  C2H30,C4H303=MeO,Ac03. 
'  Mucaie   of  oxide   of  methyl^  2C2Ufi,Ci^H^^O^=2MeO^ 
ii%  (Malaguti). 

V     COMPOUNDS  OF  OXIDE  OF  METHYL  OF  AN  UNCERTAIN 
CONSTITUTION. 

Qxichlorocarbonaie  of  oxide  of  methyl^  C4H3CIO4 ;  considered 
hj  MM.  Dumas  and  Peligot  as  a  compound  of  oxide  of  methyl^ 
an4  R  particular  acid,  and  represented  by  the  formula : 

CaHjO+Cagf. 

'  ,Vreihylaney  a  body  corresponding  with  urethane  and  formed 
ill;  jumilar  circumstances. 

;  fMphate  of  oxide  of  methyl  and  gulphamidey  or  m^hamethy" 
Ume,  CaH,0,  S03+NHa,  SO^. 

PRODUCTS  OF  THE  DECOMPOSITION   OF  METHYL  AND 
ITS  DERIVATIVES. 

A  compound  belonging  to  the  methyl  series  was  obtained  by 
MM.  Dumas  and  Peligot,  which  appears  to  correspond  with 
iseihionic  acid,  by  bringing  anhydrous  sulphuric  acid  in  contact 
with  hydrate  of  oxide  of  methyl,  observing  to  keep  the  mixture 
oboL  Its  salt  of  barytes  is  crystallizable  and  has  the  same 
composition  as  sulphate  of  oxide  of  methyl  and  barytes,  but 
does  not  agree  with  the  latter  in  its  chemical  properties,  and  is 
evidently  a  different  substance. 

'Under  the  influence  of  air,  hydrate  of  oxide  of  methyl  in 
contact  with  platinum  black  undergoes  oxidation,  and  forms  an 
mAd,  which  is  foimd  to  be  pure  formic  acid.  In  this  conversion, 
2  atoms  of  hydrogen  combine  with  oxygen  and  form  water,  and 
8  iitoms  of  oxygen  are  absorbed  at  the  same  time,  and  combine 
with  the  remaining  elements  of  the  methyl,  exactly  as  in  the 
conversion  of  alcohol  into  acetic  acid : 

C2H3O  +  HO  and40=C2H03  +  3HO. 
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Formic  add   therefore  containa  a  radical,  which  ii 
formyl,  and  to  which  it  has  the  same  relation  as  acetic  acid  luu 

to  acetyl : 


Acetic  acid. 
Formic  acid. 


C,H3  +  0,, 


Formyl  tlierefore  differs  from  methyl  in  containing  2 
less  of  hydrogen,  and  as  ethyl  may  be  viewed  as  a  coroponDiIi 
acetyl +  2  atoms  of  hydrogen^  so  methyl  maybe  viewed  as  a 
compound  of  formyl  +2  atoms  of  hydrogen. 


SECTION  IL 


FORMYL  SERIES   OF   COMPOUNDS, 


Formyl,  C2H=Fo. 

The  series  of  formyl  is  less  numerous  than  that  of  acetyl 
The  compounds  of  the  former  corresponding  to  aldehyde  and 
aUlehydic  acid  are  deficient,  formic  acid  being  the  otjy  kaovn 
oxide  of  formyl. 

The  foUowing  are  the  derivatives  of  formyl : 


CjHO.     .     .     . 

.     Oxide  of  formyl  (unknown). 

CaHO  +  HO.     . 

*     Substance  contained  in  formomethyUl. 

C,TI03.        .     . 

.    Anhydrous  formic  acid. 

CaHOg  +  HO. 

.     Hydrated  formic  acid. 

CjHCla.         .     . 

.     Perchloride  of  formyl  (chloroform). 

C2HBr3.       ,     • 

,     Perbromide  of  formyl. 

Uijtils*       •      •      • 

.     Periodide  of  formyl. 

COMPOUND  OF  HYDRATE  OF    OXIDE  OF  FORMYL   Wmi  0X1DK  Of 
METHYL,   OR    MEl^HYLAL. 

Syn,  FormomethyM  (Kane)  C^jHyO^  (Malaguti)* 
By  distiUing  2  parts  of  wood  spirit  with  3  parts  of  sdpliaii^ 
acid  diluted  with  3  parts  of  water,  and  2  parts  of  peroxide  d 
manganese^  Dr.  Kane  obtained  a  sub^ttance  mixed  Willi  acfffJ 
other  bodies,  which  he  named  formomethylal.  It  was  con- 
sidered a  tribasic  formiate  of  oxide  of  melliyl,  but  was  afttf* 
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wards  shown  by  Molnguti,  to  be  a  mixture  of  formiate  of  oxide 
of  methyl  and  a  particular  substance  wlucli  he  named  methylal. 
To  purify  the  methylal  from  formiate  of  oxide  of  methyl,  the 
latter  must  be  decomposed  entirely  by  Iiydrate  of  potash. 

Methylal  is  an  ethereal  colourless  liquid  of  a  very  agreeable 
aromatic  odour  ;  it  is  miscible  with  3  parts  of  water,  and  may 
be  separated  from  that  liquid  by  chloride  of  calcium  or  hydrate 
of  potash.  It  is  very  inflammable,  and  bums  with  a  white 
flame.  The  density  of  methylal  is  0.8551  ;  its  boiling  point 
107.6'*  (42**  centig.) ;  its  combining  measure  contains  4  vo- 
lumes. Methylal  may  be  represented  as  a  compound  of  1  atom 
of  hydrate  of  oxide  of  formyl  with  2  atoms  of  oxide  of  methyl 
=C2HO,  llO-f  2C2H3O.  M.  Regnaulthas  explained  its  for- 
mation by  supposing  that  3  atoms  of  oxide  of  methyl,  formed 
by  the  action  of  sulphuric  acid  upon  hydrate  of  oxide  of  methyl, 
group  together  so  as  to  form  a  single  molecule=C6H903 ;  the 
last  exposed  to  the  oxidating  action  of  peroxide  of  manganese 
loses  I  atom  of  hydrogen,  which  is  replaced  by  1  atom  of 
oxygen,  and  consequently  the  compound  Cf,llg04  is  produced. 
The  formation  of  acetal  which  corresponds  with  methylal  in  the 
acetyl  series  is  explained  by  Kegnault  in  the  same  manner. 

FORMIC    ACID. 

Formula  lIO  +  C2H03=IIO,Fo03.— Tlie  relation  of  this 
acid  to  wood  spirit  has  already  been  explained.  It  was  dis- 
tinguished as  a  particular  acid  by  Gelilen,  who  found  it  in  red 
ants  (formica  rufa)  ;  and  was  first  formed  artificially  by 
Doebereiner,  by  distilling  tartaric  acid  with  sulphuric  acid  and 
peroxide  of  manganese.  All  other  vegetable  substance  when 
oxidised  in  the  same  manner,  or  by  distillation  with  nitric  acid, 
hyperiodic,  iodic  and  hypermanganic  acids,  or  with  a  mixture 
of  chromic  and  sulphuric  acids,  yield  formic  acid,  carbonic  acid 
and  occasionally  some  acetic  acid. 

To  obtain  the  protohydrate  in  a  state  of  purity,  formiate  of 
lead  well  pulverised  contained  in  along  gkss  tube  is  decomposed 
by  a  current  of  dry  sulphuretted  hydrogen  gas ;  and  the  dis- 
engaged formic  acid  afterwards  distilled  over  by  the  application 
of  a  gentle  heat.  This  hydrate  is  a  colourless  liquid,  slightly 
fuming  and    possessing   a    pungent  and  peculiar   odour.      It 
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crystallines  below  S2<*  in  brilliant  plates  j  it  boil*  at  2 1 2*  j  its 
density  is  1*2353*  The  vapour  of  the  boiling  add  is  inflaio* 
mable  and  burns  with  a  blue  flame ;  this  hydrate  oombtoci 
with  a  second  atom  of  water  forming  a  definite  campcniiid  of 
which  the  boiling  point  is  222.8*  (106**  centig,),  which  doc*  not 
freeze  at  5%  and  of  which  the  density  is  only  1.1104  at  SST. 
Both  of  these  hydrates  are  higlily  corrosive. 

To  prepare  the  dilute  acid^  a  capacious  glass  retort  or  cxqiper 
still  is  employed,  of  which  the  capacity  must  be  at  least  10  ' 
greater  than  the  volume  of  the  materials  to  be  employed,  i 
1  part  of  starch,  4  parts  of  peroxide  of  manganese,  4  parti 
of  water,  and  4  parts  of  sulphuric  acid.  The  tnateriak  witli- 
out  the  acid  are  first  introduced  into  the  retort  and  heated 
to  104'*  {40'*centig.),  and  then  the  sulphuric  acid  is  added  bj 
small  portions,  A  violent  effervescence  with  swelling  up  of 
the  materials  occurs,  from  tlie  disengagement  of  carbonic  add 
gas ;  when  this  ceases  and  all  the  acid  is  added,  the  capital  if 
applied  to  the  still,  and  the  distillation  continued,  for  which  i 
heat  a  few  degrees  above  212*"  is  sufficient»  till  4|  parts  of  tlic 
liquid  are  found  in  the  receiver.  The  product  is  a  dilute  acidi 
of  which  the  density  is  about  1.025  j  the  last  portions  often 
contain  sulphurous  acid,  and  the  product  has  always  an  aro- 
matic odour  from  the  presence  of  a  smaU  quantity  of  a  volatile 
oil  formed  in  the  process.  The  nature  of  the  decomposition 
which  yields  formic  acid  has  not  been  exactly  traced.  To 
purify  the  crude  formic  acid  it  is  neutralised  by  milk  of  lime, 
which  forms  an  insoluble  compound  with  sulphurous  acid ;  tJia 
excess  of  lime  is  precipitated  by  a  stream  of  carbonic  add  aoi 
the  formiate  of  lime  evaporated  to  dryness.  By  HU»itlitig 
10  parts  of  formiate  of  lime  with  8  parts  of  oil  of  vitriol  dtloled 
with  4  parts  of  water,  9  parts  of  a  pure  add  are  obtained  of 
specific  gravity  1.075, 

Formic  acid  is  entirely  decomposed  by  an  excess  of  sid- 
phuric  acid,  without  being  charred,  being  resolved  into  carhook 
oxide  which  comes  off  with  lively  effervescence,  and  water 
which  remains  in  combination  with  the  sulphuric  acid,  Tlis 
acid  in  question  may  easily  be  recognised  by  that  propeitj  and 
also  by  its  action  upon  the  oxides  of  silver  and  mercury*  Wlm 
heated  upon  these  oxides  formic  acid  is  completely  desl^fOfit 
producing  carbonic  acid  gas  which  is    disengaged,  water  anJ 
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metallic  silver  or  mercury,  without  leaving  the  smallest  trace 
of  a  salt  of  silver  or  mercury  in  the  liquor.  When  the  formic 
add  contains  acetic  acid,  acetate  of  suboxide  of  mercury  re- 
mains in  solution.  Heated  with  a  solution  of  corrosive  sub- 
limate, formic  acid  reduces  the  latter  to  the  condition  of  calomel, 
disengaging  hydrochloric  and  carbonic  acids  ;  upon  the  salts  of 
oxides  of  mercury  and  silver,  formic  acid  has  the  same  action  as 
upon  the  oxides  themselves.  Metallic  peroxides  are  reduced 
by  it  with  the  aid  of  heat  to  the  state  of  protoxides,  which 
combine  with  formic  acid,  while  carbonic  acid  gas  is  dis- 
engaged. 

Fbrmiaies. — Formic  acid  is  more  powerful  than  acetic  acid ; 
the  salts  of  both  acids  are  all  soluble  in  water.  Formiate  of 
soda  is  not  soluble  in  alcohol  like  acetate  of  soda ;  the  formiates 
comport  themselves  like  the  free  acid,  with  sulphuric  acid ;  they 
also  when  heated  in  excess  with  solutions  of  salts  of  silver, 
mercury,  platinum  or  chloride  of  gold,  precipitate  these  metals, 
producing  a  brisk  effervescence.  The  salts  of  peroxide  of  iron 
are  coloured  deep  orange  by  a  formiate. 

Formiate  of  ammoniay  NH4O,  F0O3,  crystallizes  in  square 
four-sided  prisms ;  it  is  very  soluble  in  water.  This  salt  con- 
tains the  elements  of  1  atom  of  hydrocyanic  acid  and  4  atoms 
of  water : 

NH4O,  C2H03=H,  NC2  and  4HO. 

It  is  accordingly  converted  into  these  two  products  when  its 
vapour  is  carried  through  a  tube  at  a  red  heat. 

Formiate  of  oxide  of  ethyly  formic  ether,  EOjFoOg. — This 
ether  is  obtained  by  distilling  7  parts  of  dry  formiate  of  soda 
with  a  mixture  of  10  parts  of  sulphuric  acid  and  6  parts  of 
alcohol  of  90  per  cent.  It  is  a  limpid  liquid  of  an  aromatic 
penetrating  odour  and  cooling  spicy  taste.  Its  density  is  0.912 ; 
its  boiling  point  128.12**  (53.4*»  centig.)  Formic  ether  dissolves 
in  10  parts  of  water;  ammoniacal  gas  has  no  action  upon  it, 
while  solution  of  ammonia  decomposes  it  like  the  other  alkalies. 
Fbrmiate  of  oxide  of  methyl  is  lighter  than  water,  and  boils 
between  36  and  38°  centigrade;  its  odour  suggests  that  of 
acetic  ether. 
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Farmtate  qf  potash  is  very  soluble  and  crystallires  with 
ficulty.  Formiate  of  soda  crystallizes  in  priams  of  a  rhonbie 
base  or  in  tables^  containing  2  atoitis  of  water;  it  is  very  solaUe 
and  deliquescent  in  damp  air.  This  salt  is  very  suitable  (bf 
reducing  many  metallic  oxides,  when  heated  with  them  to 
redness  in  the  dry  way,  or  when  boiled  with  their  solutions. 
Its  solution  may  be  employed  to  separate  the  reducible  inetjil* 
from  iron^  copper^  manganese^  &c*,  which  are  not  deoxidised  by 
formic  acid. 

Fonniaie  of  baryies  crystallizes  in  brilliant  transparent  prisms, 
which  are  persistent  in  air,  soluble  in  4  parts  of  water  and 
insolu!)le  in  alcohoL  Formiate  of  strontian  crystallizes  in  tram* 
parent  six-sided  prisms,  containing  4  atoms  of  water.  Formiila 
of  lime  is  soluble  in  10  parts  of  water,  and  scarcely  more  sol«H# 
with  heat  than  in  the  cold,  so  that  the  l>est  mode  of  rryj^it 
lizing  it,  consists  in  evaporating  its  solution  by  a  gentle  iieiL 
A  concentrated  solution  of  the  salt  deposits,  by  evaporatioii, 
needles  of  a  brilliant  lustre,  which  effloresce  when  heated* 
Formiate  of  mat/neda  crystallizes  in  thin  brilliant  needles,  per^ 
sistent  iu  air,  which  are  soluble  in  13  parts  of  water  and  in- 
soluble in  alcohoL  Formiate  of  altimlna  gives  by  evnporatioii 
a  gummy  mass  which  is  not  crystalline.  Its  solution  with 
the  addition  of  sulphate  of  potash,  alum,  8tc.,  becomes  tiirbid 
w^hen  heated,  like  acetate  of  alumina.  Formiates  of  numgam^if 
profodnde  of  iron^  nW,  cadmium^  nickel,  cobaU^  and  copper  m 
very  soluble  and  cry  stall  izable  salts, 

Formiate  of  cerium  is  a  white  granular  and  crystadline  powdeff 
it  is  the  most  insoluble  formiate,  a  property  of  which  aJyantagg 
is  taken  in  preparing  pure  oxide  of  cerium  from  solutiona  eon* 
taining  oxide  of  iron,  lime  and  other  oxides.  At  Sd2*  (WCT 
ceiitig.),  this  formiate  enters  into  a  kind  of  ebuUitioii  and  h 
converted  into  carbonate  of  cerium,  without  charring. 

Formiate  of  lead  requires  36  or  40  parts  of  wati^for  iolotioi^ 
and  predpitates  when  formic  acid  b  added  to  a  tattuMd 
solution  of  acetate  of  lead,  in  brilliant  needles  diverging  from  • 
common  centre.  The  solution  of  formiate  of  lead  lias  a  swell 
taste,  it  is  capable  of  dissolving  oxide  of  lead  whea  boiled  upon 
that  oxide  and  acquires  an  alkaline  rcactioii.  Formiate  of  leid 
is  insoluble  in  alcohol. 


FORMIATES.  831 

Fgrmiaies  of  suboxide  and  oxide  of  mercwry. — Red  oxide  of 
mercury  well  pounded  dissolves  in  formic  acid^  at  the  ordinary 
temperature  and  forms  a  solid  crystalline  mass  on  evaporating 
in  dry  air,  which  is  the  formiate  of  that  oxide.  On  applying 
the  slightest  heat  to  this  salt  either  dry  or  in  solution,  effer- 
Tesoence  occurs  from  the  escape  of  carbonic  acid,  and  formiate 
of  suboxide  of  mercury  is  produced.  The  latter  salt  is  de- 
posited from  a  solution  so  decomposed,  in  a  crystalline  very 
brilliant  micaceous  mass,  which  is  composed  of  small  plates  of 
4  or  6  sides,  of  a  silky  or  silvery  lustre.  By  a  higher  tempe- 
istiire  formiate  of  the  suboxide  is  decomposed  whether  dry  or 
in  solution,  with  a  slight  explosion,  metallic  mercury  being 
Mberated  with  formic  and  carl>onic  acids.  The  decomposition 
of  ibis  salt  is  thus  represented  by  Liebig :  2  atoms  of  formiate 
of  suboxide  of  mercury  are  resolved  by  heat  into : 

2  atoms  of  carbonic  acid.     .     .     .     C^      O4 
1  atom  of  hydrate  of  formic  acid.     C2H2O4 

4  atoms  of  metal Hg4 

C^H^OgHg^ 

Formiate  of  Mver  is  also  a  salt  of  sparing  solubility.  It  is 
obtained  by  the  double  decomposition  of  nitrate  of  silver  with 
an  alkaline  formiate,  in  small  leaflets  of  brilliant  whiteness ;  it 
IB  decomposed  by  heat  and  resolved  into  the  metal  formic  and 
carbonic  acids. 

Artificial  oil  of  antSy  CjH^Oa  (Stenhouse). — ^This  name  was 
.  applied  by  Doebereiner  to  the  oil  which  appears  in  the  prepa- 
iBiion  of  formic  add.  It  was  obtained  by  Dr.  Stenhouse  in 
larger  quantity  than  it  is  produced  in  the  ordinary  process,  by 
distilling  together  equal  weights  of  oatmeal  or  sawdust  and 
aolphnric  add  diluted  with  its  owii  bulk  of  water.  In  the 
process  for  formic  acid  the  peroxide  of  manganese  cannot  be 
omitted  without  greatly  reducing  the  product,  but  here  it  is 
entirely  left  out.  When  oil  of  ants  is  purified  the  taste 
and  smell  are  very  pungent  and  aromatic,^  resembling 
cSk  of  Cassia.  It  catches  fire  very  readily  and  bums  with 
m  strong  yellow  flame.  Its  density  is  1.1006  at  80.6%  (27** 
centig.);   its  boiling  point  334.4  (168®  centig.)      It  is  pretty 
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soluble  in  -water  and  more  so  in  alcohol  and  etlier.  PotamniD 
decomposes  it  with  effervescence  ;  but  neither  the  aqneooi  nor 
the  alcoholic  solution  of  potash  has  any  effect  upon  it** 

COMPOUNDS  OF  FORMYL  WITH  CHLORINE,   BROMINE  AKD  lOOUtl* 


Protochioride  offormyU  CaHa=FoCl.— One  of  the 
tances  which  Regnault  obtained  by  the  action  of  chloritie 
chloride  of  acetyl,  namely  C4H3CI21  is  considered  by  LieUgii 
protochioride  of  formyl^  its  atomic  weight  being  divided  by 
two* 

Bichloride  offormyly  C2HCl2=FoCl2  ;  one  of  the  substmett 
formed  by  the  action  of  chlorine  upon  chloride  of  ethyl,  namdy 
C4HJCI4,  is  so  considered  by  Liebig,  its  atomic  weight  being 
divided  by  two. 

Perchloride  of  formyly  chloroforniy  C2HCl3=FoCl5.  TKii 
compound  is  formed  in  various  circumstances.  It  may  be 
prepared  by  exposing  a  mixture  of  chloride  of  methyl  (C1H3CI) 
and  gaseous  chlorine  to  the  direct  rays  of  the  sun  j  by  diitiUing 
chloral  with  barytcs-watcr  or  milk  of  lime  but  most  conveni«itJj 
by  distilling  a  dilute  solution  of  chloride  of  lime  with  acetone* 
alcohol  or  wood  spirit*     For  this  purpose  1  part  of  1  ^^ 

lime  is  suspended  in  24  parts  of  water,  a  current  o  ^c 

sent  through  it  till  the  greater  part  of  the  lime  is  dissolved,  sod 
a  little  milk  of  lime  added  to  make  the  liquid  alkaline*  Wbes 
the  solution  of  chloride  of  lime  has  become  clear  by  rcposet 
;i,th  of  its  volume  of  alcohol  is  added,  and  after  being  left  to 
itself  for  twenty  four  hours,  the  liquid  is  distilled  by  a  gentle 
heat  in  a  capacious  retort.  The  product  has  an  ethereiU  odour^ 
and  contains  perchloride  of  formyl  mixed  with  alcohol^  on  shaking 
it  with  water  the  perchloride  separates  as  a  dense  liquid,  uid 
may  be  obtained  perfectly  pure  by  digesting  it  upon  clilariiii 
ofc^cium»and  distilling  it  again  with  concentrated  aulpbuiie 
acid.     (Liebig's  Trait^). 

Perchloride  of  formyl  is  a  colourless  oily  liquid^  of  an  agiri^ 
able  ethereal  odour  and  sweetish  taste  ;  its  density  is  l,4$0  ti 
64.4*  (18*' cen tig.);  its  boiling  point   14L44M60.8*  cent)     U 

•  Dr.  Stcikhou9e»  rbil.  Mug.,  Srd  ScyJet,  vol.  1$,  p.  121. 
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ift  inflamed  with  fsxettt  difficulty  but  burns  in  the  flame  of  a 
caudle  colouring  it  green.  Tlie  alcoholic  solution  of  potash 
destroys  it,  converting  it  into  formiate  of  potash  (Dumas),  a 
property  which  the  name  chloroform  refers  to : 

F0CI3  and  4KO=KO,  F0O3  and3KCl. 
The  density  of  its  vapour  is  by  experiment  4200,  by  calcu- 
lation 4116:  its  combining  measure  4  volumes.  Chloroform 
may  be  distilled  from  sulphuric  acid,  potassium  or  potash  with- 
out being  sensibly  altered.  Exposed  with  chlorine  to  the 
direct  rays  of  the  sun  it  is  decomposed  and  converted  into 
hydrochloric  acid  and  a  particular  chloride  of  carbon  C2CI4, 
which  boils  at  172.1**  (7c>**  centig.),  and  of  which  the  density  of 
the  vapour  is  53(X),  and  combining  measure  4  volumes  (Reg- 
naidt).  This  chloride  of  carbon  has  been  looked  upon  as  a 
formic  acid  in  which  both  the  hydrogen  and  oxygen  are  replaced 
by  chlorine : 

C^Cl-fCla; 

while  tlie  well  known  scsquichloride'of  carbon  is  related  in  the 
same  way  to  acetic  acid  : 

C4CI3+CI3. 

When  the  former  chloride  of  carbon  is  made  to  pass  in 
Tapour  through  a  porcelain  tube  at  a  dull  red  heat,  it  is  divided 
into  two  new  chlorides  of  carbon,  of  which  the  composition  is 
expressed  according  to  M.  Regnault,  by  CCl  and  CCI3. 

CJdorhydrate  of  chloride  offormyl,  2C2HCI,  IICl;  one  of  the 
products  of  the  action  of  chlorine  upon  the  chlorhydrate  of  the 
chloride  of  acetyl. 

Perbromide  offormyly  bromoform^  C2lIBr3=FoBr3;  prepared 
like  the  perchloride,  and  very  analagous  to  it  in  properties ;  its 
density  is  2.10.  It  is  less  volatile  than  the  perchloride,  and 
more  easily  decomposed  by  alkalies. 

Periodide  offomiyly  iodoform^  C2lIl3=Fol3. — This  is  a  yellow 
Tolatile  substance  discovered  by  Serullas,  which  is  often  des* 
cribed  as  an  iodide  of  carbon.  It  is  obtained  on  adding  an 
alcoholic  solution  of  potash  to  a  solution  of  iodine  in  alcohol, 
till  the  last  is  discoloured,  carefully  avoiding  any  excess  of 
alkali.  The  alcohol  is  then  expelled  by  gentle  evaporation,  and 
the  iodide  of  formyl  is  deposited  in  crystals,  which  are  purified 
from  iodide  of  potassium  by  washing  with  pure  water.    This 
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compound  is  formed  in  consequence  of  the  deoompoudofi  of 
1  atom  of  alcohol  and  6  atoms  of  potash,  by  8  atoms  of  iodine, 
by  which  1  atom  of  periodide  of  formyl,  I  atom  of  fonniate  of 
potash,  5  atoms  of  iodide  of  potassium  and  4  atoms  of  water 

are  produced  (Liebig). 

1  atom  of  alcohol.    •     •     •     ^4 1  h  O   f 

8  atoms  of  iodine.    .     .     •  Is 

6  atoms  of  potash.     .     .  Og        K5 


C4         HgOg        IgHg 


Equivalent  to : 

1  atom  of  periodide  of  formyL     .     •    •  C2H       I3 

1  atom  of  formiate  of  potash.     •     .     .  C^H  O4    K 

5  atoms  of  iodide  of  potassium.     •     .  I5K5 

4  atoms  of  water H4O4 


Iodoform  crystallizes  in  brilliant  yellow  plates,  and  has  1 
characteristic  odour  suggesting  that  of  safiron.  It  is  insolufak 
in  water,  but  very  soluble  in  alcohol,  ether  and  wood  spirit.  It 
sublimes  at  212**;  at  248**  it  undergoes  decomposition  and  is 
resolved  into  carbon,  iodine  and  hydriodic  acid.  It  gives  a 
peculiar  liquid  of  a  deep  red  colour  and  density  1.96,  when 
distilled  with  chloride  of  phosphorus  or  with  corrosive  subli- 
mate ;  this  liquid  contains  chlorine,  iodine  and  formyl. 

Sulphi'vet  offormyly  F0S3  ?  (Bouchardat).  A  liquid  obtained 
by  distilling  1  part  of  iodide  of  formyl  with  3  parts  of  suIphureC 
of  mercury ;  hydrate  of  potash  converts  it  into  sulphuret  rf 
potassium  and  formiate  of  potash. 

Action  of  chlorijie  upon  oxide  of  methyl, — Chlorine  gas  de- 
composes the  oxide  of  methyl  gas,  forming  hydrochloric  add 
and  the  following  products,  as  observed  by  M.  Uegnault : 

Dentlty.    Boiling  point.       DtoMtf  «f 
T»|Miir. 
Oxide  of  methyl C,H,0  1570=3?. 

Monochlorinated  oxide  of  methyl.       CsJ.'O     1.315     105®  cent.   4047»4t. 

Bichlorinatcd  oxide  of  methyl.     .     .     Cp,  O     I.6O6     130''     „       6367^=ir. 
Perchlorinated  oxide  of  methyl.     .     CXI,0     1.594     212'*    „       4670«4t. 
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The  combining  measure  of  perchlorinated  oxide  of  methyl 
differs,  it  will  be  observed,  from  the  othtr  members  of  the  series. 
(Annates  de  Chimie,  etc.  Ixxi.  353). 

Chlorine  is  absorbed  with  great  avidity  by  hydrate  of  oxide 
of  methyl  and  a  heavy  oil  formed,  which  lias  not  yet  been  fully 
examined. 

Actum  of  chlorine  upon  chhruie  of  methyl. — ^This  also  gives 
rise  to  a  series  of  compounds,  in  which  the  proportion  of  chlo- 
rine increases  as  the  action  is  prolonged.     (Uegnault). 


Density.      Boiling  point.       Density  of 


Chloride  of  methyl CjHjCl 

Monochlorinated  ditto.     .     .     .  CaHjClj 

Bichlorioated  do.    (chloroform).  CjH  CIj 

Perchlorinated  ditto CjClCl, 


rapour. 

1738=4  V. 

1.344 

30.5'^cent. 

3012=4  V. 

1.491 

60.8-    „ 

4230=4  V, 

1.599 

78'>        ., 

5245  =:^4  V. 

The  monochlorinated  chloride  of  methyl  has  an  odour  which 
18  very  sharp  and  is  similar  to  that  of  Dutch  liquid ;  treated 
urith  an  alcoholic  solution  of  potash,  the  former  liquid  gives 
only  a  very  trifling  precipitate  of  chloride  of  potassium,  and 
diBtils  over  almost  entirely  without  change. 

The  perch  bride  of  carbon,  C2CI4,  which  is  named  above 
perchlorinated  chloride  of  methyl,  is  not  altered  by  a  solution 
of  hydrosulphuret  of  die  sulphuret  of  potassium.  It  is  decom- 
posed by  heat  and  gives  different  chlorides  of  carbon  according 
to  the  temperature. 

At  a  dull  red  heat,  this  chloride  C2CI4  appears  to  be  con- 
Terted  into  anoUier  chloride  of  carbon  C2CI3,  supposing  the 
combining  measure  of  the  latter  to  be  4  volumes,  its  density 
being  4082.  This  new  chloride  of  carbon  will  therefore  be 
XBomeric  with  Faraday's  sesquichloride  C4CI6,  but  of  only  half 
tile  density.  When  decomposed  at  a  higher  temperature  it 
giTes  small  silky  crystals  of  the  cliloride  of  carbon  of  Julin  CCl. 
Lastly  at  a  bright  red  heat  the  liquid  chloride  of  carbon  C4CI4 
is  the  principal  product. 

Chlorine  acts  readily  upon  the  sulphuret  of  methyl  and  upon 
the  compounds  of  oxide  of  methyl  with  acids  or  the  compound 
Diethylic  ethers.  A  benzoatc  and  acetate  of  an  oxichloride  of 
formyl  have  been  produced,  having  the  following  formulas, 
(Malaguti) : 
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C^H^^^  +  BzO. 


CjHq^+AcOj. 

A  mixture  of  iodine,  nitric  acid  and  wood  spirit  left  to  itaelf 
for  a  lung  time,  deposits  yellow  crystals.  Bromine  in  the  same 
circumstances  gives  a  heavy  oily  liquid  (Aime). 

SECTION    III. 

PRODUCTS   or  THE  DISTILLATION   OF  WOOD   HAVING   SOME 
RF.LATION  TO   OXIDE  OF  METHYL, 

Xylite,  Ugnone  (Gmelin),  a  liquid  which  exists  in  commerdil 
pyroxylic  spirit,  and  is  separated  firom  the  hydrate  of  oxide  of 
methyl  by  distillation  from  chloride  of  calcium  at  212*.  MM. 
Weidmann  and  Schweizer,  in  their  last  memoir  on  these  pro- 
ducts, assign  to  xylite  the  formula  CgHgO^j.  The  density  of 
its  vapour  was  by  experiment  21 77?  by  theory  2159 ;  its  boilin; 
point  142.7*  (61.5*  centig.) ;  density  0.816.  Pure  xylite  has  an 
agreeable,  sharp  odour,  and  empyreumatic  taste.  It  is  misdhk 
with  water,  dissolves  but  little  chloride  of  calcium,  and  boTDi 
with  a  white  flame. 

Mesitt'fK  C^H^Og  (Weidmann  and  Schweizer",  a  liquid  ob- 
tained by  distilling:  equal  parts  of  sulphuric  acid  and  xylite,  in 
which  ciil»ride  of  calcium  is  wholly  insoluble.  Its  density  is 
O.M)^  :  boilins^  point  145.4"  fi.V*  centig.) 

Xy^ltic  aciiL  C^HjOjj  [\S\  and  S.),  obtained  by  treating  an- 
hydrous xylite  witii  hydrate  of  potash.  The  salt  thus  formed 
is  supp'  sod  to  be  a  compound  of  xylitate  of  potash  with  xylite. 
3  KO,  C\n3()ji^  —  C^H^^O^i.  It  is  readily  soluble  in  wood- 
spirit,  but  is  insoluble  in  anhydrous  xylite.  Xylite  oil  and 
xylite  resin  are  two  other  substances  contained  in  an  oil.  formed, 
among  other  products,  by  the  action  of  an  excess  of  hydrate  u! 
potash  upon  xylite. 

Mtr>iti\  t^H^O.2  ;W.  and  S.).  Tliis  liquid  which,  in  its  phy- 
sical proi>erties,  very  much  resembles  mesiten,  exists  in  crude 
proxylic  spirit,  and  conies  over  late  in  its  rectification.  Mesite 
may,  thercturc,  be  separated,  by  distillation  with  water,  from 
xylite,  as  the  latter  pas:»es  over  early.     Mesite  is  also  formed  by 
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the  action  of  potash  and  potassium  upon  xylite.  It  is  colour- 
less, volatile,  and  of  an  ethereal  odour,  boils  somewhat  above 
158*,  and  is  soluble  in  water. 

Xylite  naphtha^  CgHgOjj. — By  the  action  of  hydrate  of  po- 
tash upon  mesite,  acetic  acid  is  formed  and  xylite  naphtha. 
When  pure,  this  Uquid  is  colourless  and  very  fluid,  having  an 
odour  resembling  oil  of  peppermint,  but  slightly  soluble  in 
water,  soluble  easily  in  alcohol,  wood-spirit,  xylite  and  ether. 
It  boils  at  230",  and  burns  with  a  white  and  smoky  flame. 

The  principal  products  of  the  treatment  of  xylite-naphtha  by 
an  excess  of  hydrate  of  potash  or  potassium  are  xylite-oil  and 
xyhte-resin. 

Xylite-resin,  C24H18O3;  when  pure,  is  a  reddish,  brown, 
brittle  mass,  fusible  under  212",  but  decomposed  by  a  higher 
temperature.  It  is  insoluble  in  water,  or  in  solution  of  potash, 
knd  gives  no  precipitate  with  an  alcoholic  solution  of  acetate  of 
lead.  It  is  readily  dissolved  by  alcohol,  wood-spirit,  xyUte  and 
ether. 

Xylite-oil,  Ci2HgOi.  To  obtain  this  oil  pure,  it  is  necessary 
to  act  upon  xylite  with  a  great  excess  of  hydrate  of  potash.  It 
is  colourless,  but  usually  yellow,  lighter  than  water  and  nearly 
insoluble  in  it,  readily  dissolved  by  alcohol,  etc.  It  has  a  bit- 
ter, burning  taste,  a  peculiar  odour,  boils  considerably  above 
392*  (200"  centig.),  and  may  be  distilled  without  decomposition. 
It  bums  with  a  white,  very  smoky  flame.  When  decomposed 
by  hydrate  of  potash,  xylite-oil  gives  acetic  acid  and  a  peculiar 
resin,  C48H3g03 ;  not  so  fusible  as  xylite-resin. 

When  1  part  of  anhydrous  acetone  is  gradually  mixed  with 
2  parts  of  hydrate  of  potash,  well  pulverised,  the  vessel  being 
kept  cool,  and  the  mass  mixtd  after  six  or  eight  days  with 
water,  a  brown  oily  liquid  separates ;  this  may  be  washed  vith 
water  to  free  it  from  undecomposed  acetone,  and  distilled  with 
water  to  separate  it  from  a  resinous  body.  This  oil  has  the 
same  boiling  point  and  composition  as  xylite-oil,  and  appears 
to  be  identical  with  it.  The  resin  has  also  the  same  compo- 
sition as  xylite-resin.* 

Methol,  <^'i2H9;  a  liquid  produced  by  the  distillation  of  xyHte 
'with  sulphuric  acid;  pure  wood-spirit  does  not  yield  it,  although 
it  was  first  obtained  by  the  treatment  of  the  crude  spirit ;  it  is 
•  Lcewigr  and  Weidmann ;  PoggendorfTB  AanaleD,  1, 299. 
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a  hytlrocarbon,  and  contains  no  oxygen.  It  does  not  mix, 
sulphuric  acid,  but  by  long  digestion  and  agitation,  it  disappeaii 
entirely,  and  is  partly  converted  into  a  black  re^n^  C^H,^0, 
which  is  insoluble  in  alcohol  and  wood^spirit,  but  soluble  in 
ether  and  xylite*  Methol  is  not  converted  into  thia  resin  by 
the  action  of  air.  The  acid  solution  neutralised  with  cariKWUrti 
of  lime  gives  a  white  crystalline  salt,  containing  ni4fthol^$ulphtrk 
acidy  of  which  the  formula  when  free  is  H0,S03  +  C,<|H^»  SO^it 
or  perhaps  rather  HO,  €13^1^8205  + HO.* 

Mr.  Scanlan  has  shown  that  crude  wood-spirit  contains  free 
aldehyde,  which  he  has  extracted  from  it  in  a  state  of  purity  by 
submitting  the  crude  spirit  to  successive  distillations,  L.  Giim- 
lin  obtained  acetone  from  the  wood- spirit  of  the  Frei>ch  coano- 
factories ;  it  distilled  over  first  when  the  crude  spirit  was  recti- 
fied from  chloride  of  calcium- 

Pyroxanthin^  eblaninyf  C^jH^O^  (Gregory  and  Apjohn);  a 
crystalline  substance  of  an  orange  colour,  obtaijied  by  Mr,  Scan- 
lan on  distilling  crude  pyroxylic  spirit  from  slaked  lime.  It 
remains  with  the  lime,  and  after  neutralising  the  latter  witli 
acetic  acid^  may  be  taken  up  by  alcohol,  from  which  it  ia 
deposited  in  long  needles  or  prisms  having  the  colour  of  car- 
'  baxotate  of  potash.  It  is  insoluble  in  water  and  in  alkalies,  but 
soluble  in  alcohol,  ether  and  concentrated  acetic  acid*  It  sub- 
limes at  2/3%  but  does  not  melt  till  it  is  raised  to  the  U 
perature  of  29V,  Concentrated  sulphuric  acid  dissolves 
and  assumes  a  red  blue  colour*! 


SECTION    IV. 


OTHER  PRODUCTS  OF  THE 


DISTILLATION  OF  WOOD,   OOJrfAlKI 
IN  TAR. 


Paraffin  is  a  particular  hydrocarbon,  produced  in  the  distilla- 
tion of  wood,  and  in  many  other  circumstances,  which  has  the 
ame  composition  per  cent  as  olefiant  gas,  or  CH.     It  b  a  crys^ 

*  P.  W«idmjinn  md  E,  Schweiseri  Pofgeudarrt  Ann«toli,  idli|>  Mli ; 
135  And  293;  1,265, 
t  From  tiblAnii^  Dubfic. 
I  Ucljig's  Annntpn    for  1837  ;  or  Dr.  TbomioD*!  Orgtnie 
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talline  substance^  transparent  and  colourless^  soft  and  not  unlike 
stearic  acid,  inodorous  and  tasteless,  fusible  at  110.6^(43.75'' 
oentig.)^  and  capable  of  being  distilled  at  a  higher  temperature 
without  alteration.  A  cotton-wick  which  has  imbibed  melted 
psraffin^  burns  without  smoke  or  odour,  like  a  wax  taper.  Its 
density  is  O.S/O. 

In  a  chemical  point  of  view,  paraffin  is  distinguished  for  a 
remarkable  indifference  to  other  bodies ;  hence  the  name  paraf- 
fin fparum  affiius)  assigned  to  it  by  M.  Reichenbach,  its  disco- 
▼erer.  It  is  not  decomposed  by  chlorine,  by  alkalies  or  acids. 
Pkiraffin  is  very  soluble  in  ether  and  oil  of  turpentine ;  boiling 
alcohol  dissolves  only  3.45  per  cent  of  its  weight.  This  and 
the  other  principles  existing  in  tar  are  obtained  by  long  and 
intricate  processes,  which  cannot  be  shortly  described.*" 

Eupion,  C^Hq,  is  best  obtained  from  animal  tar.  It  is  a 
colourless,  very  limpid  Uquid  (whence  its  name),  without  odour 
or  taste,  of  density  0.655,  not  frozen  by  — 4",  boiling  at  336.2** 
(169^  centig.),  and  distilling  over  without  change.  It  burns 
easily  by  means  of  a  wick,  with  a  bright  flame  and  no  smoke. 
Eupion  is  insoluble  in  water,  but  soluble  in  alcohol.  It  is  not 
altered  by  potassium,  by  chlorine  or  iodine,  which  it  dissolves, 
nor  by  acids  or  alkalies. — (Reichenbach,  Ann.  de  Chim.  1, 69.) 

Creosote^  C^H^jO  (Ettling),  is  present  in  wood-smoke,  in 
tar^  and  generally  in  wood-vinegar  (pyroligneous  acid),  to  which 
it  communicates  its  odour,  taste  and  antiseptic  properties.  It 
is  an  oily  colourless  liquid,  of  high  refracting  power,  of  which 
the  odour  is  penetrating  and  disagreeable,  analogous  to  that 
of  smoked  meat,  and  the  taste  burning  and  very  caustic.  Its 
density  is  1.03/  at  68**;  it  boils  at  397.4*»  (203"  centig.),  and  is 
not  firozen  by  a  cold  of — 16.6**  ( — 27**  centig.).  It  burns  with 
a  very  smoky  flame. 

Creosote  forms  two  different  compounds  with  water  at  the 
ordinary  temperature;  one  is  a  solution  of  1.25  parts  of  creo* 
sote  in  100  parts  of  water;  the  other,  on  the  contrary,  a  solu- 
tion 10  parts  of  water  in  100  of  creosote.  Acetic  acid  appears 
to  be  a  special  solvent  of  creosote ;  these  two  liquids  mix  in  all 
proportions.  Potassium  is  decomposed  in  it  with  effervescence 
and  formation  of  potash.     Creosote  forms  in  the  cold  two  com* 

*  Reichenbnch  ;  Ann.  de  Chimie,  etc.  t.  30,  p.  69.  Also  Dr.  ThumBon'i  Organie 
Cbemittry,  VegotableB,  p.  723  ;  or  Trait^  de  Chimie,  par  M.  Dumas,  t.  v.  p.  652. 
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pounds  with  potash  ;  one  is  anhydrous^  liquid,  of  an  oily  eaOwV 

tence,  the  other  hydrated  atid  crystallized  in  white  pearly  {iiailtl»^t 
tljey  are  both  decomposed  by  all  acids,  even  carbonic  acid,  ft 
mixes  in  all  proportions  with  alcohol,  ether,  sulp buret  of  cw- 
boo,  oil  of  petroleum  and  acetic  ether.  Creosote  is  remarkable 
for  dissolving  a  large  number  of  organic  colouring  mall«f% 
including  cochineal,  dragon's  blood,  litmus,  madder,  saffron, 
and  even  indigo,  when  heated.  It  coagulates  albumcm,  a  pn^- 
perty  upon  which  its  corrosive  action  upon  animal  tissues  may 
depend*  Butcher-meat  or  fish  dipt  in  it,  and  then  exposed  Id 
air,  does  not  putrify,*  but  acquires  the  agreeable  flavour  of  tlbc 
same  kind  of  food  when  well  smoked. 

Picumar  [in  pke  amarum)  is  a  transparent  and  nearly  colour- 
less liquid,  of  the  consistence  of  an  oil  somewhat  thickeii^  i  ib 
odour  is  weak  and  peculiar,  its  taste  insupportably  1  '^1 

burning,  then  cooling,  like  that  of  peppermint.     Its  \s 

1.10  at  68";  its  boiling  point  6l8^  It  is  the  bitter  principle, 
according  to  M,  Reichenbach,  of  all  empyreuniatic  products* 
It  forms  crystallnie  compounds  with  the  alkalies  and  alkaline 
earths,  in  which  the  latter  are  not  neutmlised.  It  is  tnsoluMe 
in  water,  but  soluble  in  alcohol  and  ether, 

PUiacal^  a  beautiful  colouring  matter,  discovered  by  Reichen- 
bach in  the  oil  of  tar ;  the  latter  substance,  when  free  from  arid, 
assuming  a  beautiful  blue  on  the  addition  of  barytes* water  to  it* 
Tills  substance  when  precipitated  or  obtained  by  evaporation 
forms  a  deep  blue  mass,  sohd  and  friable,  like  indigo.  It 
assumes  also  a  coppery  lustre,  like  indigo,  when  rubbed.  It 
js  inodorous,  insipid  and  not  volatile*  Pittacal  is  insoluble  m 
water,  but  is  suspended  in  that  hquid  in  a  state  of  such  mitiiitt 
division  as  to  pass  through  a  paper  filter,  and  colour  tb« 
liquid  blue.  Its  solution  in  acetic  acid  is  of  a  rose  red  ooloor, 
and  recovers  a  very  fine  blue  colour  on  the  addition  of  anejcceoi 
of  alkali.  M,  Reichenbach  recommends  it  as  a  re^agoot  «fWi 
more  sensible  than  litmus  to  the  action  of  acids  and  alkaHWi 
It  is  not  soluble  in  alcohol,  ether  or  eupion.  It  is  not  idmwi 
by  air  and  light 

Pittacal  gives  precipitates  of  a  fine  violet  blue  colour^  with 

acetate  of  lead,  cMoride  of  tin,  ammoniacal  sulphate  ofoo{i|Kr 

^  and  acetate  of  alunnna.      This  substance  may  be  available  ultt* 

^^         *  Utjnctf  tJie  nMtiie  creosou^,  from  Kp«ac  flesh,  and  9olv   I  tarr* 
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mately,  in  the  opinion  of  M.  Reichenbach,  as  a  colouring  matter 
in  dyeing. 

Besides  the  bodies  described,  other  substances  have  been 
found  among  the  products  of  the  distillation  of  wood,  to 
which  the  names  cedriretj  chryseney  pyrene  and  capnomor  have 
been  given. 

PRODUCTS  OF  THE  DISTILLATION   OF  COAL. 

The  general  products  of  the  distillation  of  coal,  which  appear 
in  gas-makings  are  :  1^  the  residuary  carbon  or  coke;  2,  gaseous 
compounds  of  carbon  and  hydrogen,  including  olefiant  gas 
(page  422) ;  3,  a  watery  liquid,  containing  salts  of  ammonia ; 
and,  4,  tar. 

When  the  tar  is  distilled  with  water^  an  oily  liquid  comes 
over,  &nd  there  remains  behind  a  l)lack  resinous  substance,  or 
pitch,  of  the  nature  of  which  little  is  known.  The  oil  is  a  mix- 
tare  of  several  bodies^  some  of  which  arc  capable  of  combining 
with  bases,  and  some  with  acids.  Particular  substances  have  been 
iflolated,  to  which  the  names,  leucol^  pyrrol^  cyanolj  carbolic  acidy 
rosolic  and  brunoUc  acids  arc  applied,  but  the  most  remarkable 
product  in  coal-tar  is  naphtaliney  which  is  sometimes  found 
sublimed  pure,  in  white  crystalline  plates,  in  the  gas  apparatus. 

NAPHTALINE. 

Formula :  CgoHg.  M.  Laurent  has  observed  that  this  sub- 
stance is  best  obtained  from  tar  which  is  somewhat  old.  The 
tar  is  boiled  in  air  till  it  is  deprived  of  water,  and  then  dis- 
tilled in  a  retort  with  a  copper  adopter  or  connecting  tube,  and 
glass  receiver.  The  first  portion  of  oil  distilled  is  of  a  yellowish 
ccdour,  which  becomes  dark  coloured  in  air,  and  allows  much 
Bsphtaline  to  fall  when  cooled  to  14"  or  10"  Fahr.  If  re-dis- 
tilled, and  the  last  portions  received  apart,  they  yield  naphtaline 
in  large  quantity  when  cooled.  To  purify  naphtaUne,  it  is  crys- 
tallized twice  from  alcohol,  taking  care  to  press  the  crystals 
each  time  in  folds  of  cotton  cloth.  If  the  oil  is  submitted  for 
some  time  to  a  current  of  chlorine,  it  yields  afterwards  an 
incnased  product  of  naphtaline. 


pROorcrs  of  the  distillation  op  coal* 


Napfataline  is  iu  transparent  and  colourless  plntet,  has  ft 
strong  peculiar  and  not  unpleasant  odour,  a  burning  aromatie 
taste^  is  denser  than  water,  insoluble  in  it,  melts  at  1 7^%  boilttH 
422.6"  (217**  centig.),  and  condenses  in  shining  lenflets,  VP 
density  of  its  vapour  is  4528  by  experiment,  and  4488  by  caJco- 
lation  ;  its  combining  measure  is  4  volumes,  Naphtaline  burni, 
when  heated,  with  a  white  smoky  flame.  It  is  very  soluble  m 
alcohol  and  ether,  and  crystallizes  from  these  solutions  on  dilu- 
tion with  water.  Naphtaline  is  peculiarly  the  product  of  a  higil 
temperature,  and  is  furnished  by  alcohol  and  organic  matters  in 
general  when  heated  to  redness. 

Naphtahne  dissolves  in  concentrated  sulphuric  acid,  up«*n  \hr 
appUcation  of  heat;  with  anhydrous  sulphuric  acid  it  coiubirjo^ 
when  heated,  and  forms  a  fine  purple  red  liquid.  The  dim- 
pound  contains  three  pecuhar  acids,  which  on  diluting  the  mass 
with  water  and  neutrahsing  it  ^-ith  carbonate  of  barytes,  are 
obtained  in  three  dilTerent  barytes  salts,  which  may  be  sepanlcd 
and  distinguished  from  each  other  by  their  unequal  toliibiliiy 
and  different  crystallization.     They  are: 

NaphiaUn-hyposuIphuric  acid  or  sulphonaphtaUc  iidrf,  HO 
H-C^jjIIgS^Og,  It  is  soluble  in  water  and  crystallizes,  b  wfm 
and  bitter^  with  a  metaliic  after-taste.  The  hyposulphurie  icU 
it  contains  is  not  neutraUs«d  by  the  naphtaline,  and  oomfabicf 
w*ith  the  usual  proportion  of  base  to  form  a  neutral  salt,  JSaA 
^fhonapkiaiute  of  barytes  BaO -►- CgoHg^SaO^,  crystalltzcs  in 
brilliant  hght  spangles,  bums  in  the  dame  of  a  candle,  \»  my 
luble  in  alcohol  It  parts  with  an  atom  of  water  vkn 
heated;  its  formula  may  then  be  BaO  +  C2nH7,S204. 

Naphtin-hf/posttfphuric  acid  or  »uiphotmphtie  «€9d^  HO 
+  ^1111440,8^05,  is  not  crystallizable,  and  very  soloble  m 
water, 

Glutinhyposulphurk  add  is  separated  from  its  sails  by  hjilm' 
chloric  acid  as  a  milky  substance*  which  falls  and  edtacte 
together  in  transparent,  clammy  drops ;  its  salts  do  oaC 
tallize* 

When  naphtaline  is  dissolved  in  excess  by  sulphuric  acid,  I 
water  added,  the  excess  is  precipitated,  but  in  an  aJtetiMl 
for  when  the  precipitated  naphtaline  is  distilled  with  wmlB^i  il 
leaves  behind  a  fatty  matter,  from  which  alcohol  wtpuwUm  t»0 
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compoivadsy  mAlphonaphtaUne^  ^20^8'  ^^2  ^^^  stdphonaph^ 
tmUty  Cg4Hio,  SO].      Both  are  inodorous   and  insoluble  in 


B7  the  action  of  chlorine  upon  naphtaline,  two  compounds 
of  that  substance  with  chlorine  in  different  proportions  are 
•limned ;  and  by  the  abstraction  of  hydrochloric  acid  from  these, 
Mr  continued  action  of  chlorine,  several  other  compounds  are 
produced: 

I.     CjoH8Cl2=C2oH7Cl  +HC1 

*  3.       C2oHgCl2=C2oHgCl2 

4.  C,oH6Cl6=C^H,Cl,+HaCl2 

5.  C^YLfi\^=C^Ufi\^ 

.OTThe  first  of  these  compounds  chlorhydrate  of  chloro-naphtO' 
jftB€  of  Laurent  is  formed  when  naphtiiline  absorbs  chlorine  gas 
Jtt^lhe  usual  temperature ;  it  is  a  yellow  oil,  denser  than  water 
nd  insoluble  in  it.  When  treated  with  potash  it  loses  HCl, 
jinpd  gives  the  chloronaphtalase  of  Laurent,  CqqH^CI. 
.  ^,  rThe  second,  chlorhydrate  of  chloronaphtalese  of  Laurent,  when 
jmihtaline  is  saturated  with  chlorine  gas  at  140^  It  crystal- 
,Klfit  from  ether  in  transparent  rhomboidal  tables,  requires  a 
.:  temperature  of  32^  to  fuse  it,  and  forms  a  crystalline  mass  on 
Woling. 

.  Onie  third,  chloronaphtalese  of  Laurent,  is  produced  by  the 
jfatiPntiirn  of  the  second,  or  by  treating  it  with  an  alcoholic 
.solution  of  potash,  with  the  separation  of  2  atoms  of  hydro- 
.dUoric  acid.  It  crystallizes  from  alcohol  in  rhombic  prisms,  is 
tiJrt-plfii  and  inodorous,  and  fuses  at  111.2''  (44®  centig.).  Two 
.odier  isomeric  compounds  of  the  same  formula  exist,  one  an 
oil^  tli6  other  obtained  by  potash, 

r*The  fourth  compound,  chlorhydrate  of  chloronaphtalase  of 
iMirent,  is  produced  by  the  action  of  chlorine  gas  upon  the 
tlurd^  at  the  usual  temperature.  It  much  resembles  the  body 
ftom  which  it  is  derived,  fuses  at  105.8''  (41''  centig.),  and  may 
.|ie  sublimed  without  change. 

J  The  fifth  compound,  chloronaphtalise  of  Laurent,  is  the  pro- 
duct of  the  action  of  chlorine  on  the  first  or  fluid  chloride  of 
naphthaline  in  sunshine,  or  with  heat  and  subsequent  distilla- 
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tion  of  the  oil  formed.  It  crystallizes  from  ether  in  large 
striated  prisms,  which  are  colourless,  inodorous,  soft  like  ljee$'* 
wax,  fusible  at  1G3'*.4  (73"  ccntig.).  This  compound  is  a  i 
taUne  in  which  3  atoms  of  hydrogen  are  replaced 
atoms  of  chlorine,  (Laurent,  Ann.  de  Chim,  &c.  Ixvi,  196). 

M.  Laurent  has  obtained  two  neutral  substances  and  tiro 
acids,  from  the  action  of  nitric  acid  upon  tlie  naphtaliccUorida 
(Ann*  dc  Chim.  Ixxiv,  26) : 


Oxichloronaphtalose 
Chloronaplitalosic  acid 
Naplitalosic  acid 
Oxichlorophtalenose 


C2,H,C10,  +  0, 
C,8H,C1,0 


Niironaphialide  {mtronapftialase)^C^Vij-^fiO^,  is  prodooed 
on  heating  naphtaline  with  nitric  acid,  by  the  separation  uf  HO* 
It  crystallizes  from  alcohol  in  four-sided  prisms,  of  n  fd* 
phur-yellow  colour,  fuses  at  109^4(43*  centig.),and  may  be  suk- 
limed  when  cautiously  heated  ;  when  suddenly  heated  it  burot- 

Nitronuphdehiftie  (■nilronaphiakse),  C^IIq-^2^0^^  is  farmed 
by  boiling  the  former  compound,  or  naphtaline  and  nitric  add  til 
no  oily  body  floats  on  the  surface  of  the  liquid.  It  falls  U{>oq  thf 
cooling  of  the  Uquid  as  a  yellow  crystalline  powder,  fusible  at 
365%  which  may  be  sublimed  without  change,  and  is  insolubk 
in  water  and  alcohol.  (Laurent). 

The  action  of  nitric  acid  on  naphtaline  being  cootstmbd 
for  a  longer  time  and  at  a  high  temperature,  after  the  expulam 
of  the  nitric  acid  in  nitrous  fumes  and  the  sublimation  of  tbe 
naphtalese,  a  feeble  explosion  takes  place,  and  a  coaly  mass  ^^ 
mains  in  the  retort.  By  repeating  the  treatmcTit  of  this  maiJiwitb 
nitric  acid,  M*  C.  de  Marignac  obtained  the  three  following  n«w 
products:  \^  Sitronuphtalise^  Q^^HioNriOj,  or  C^^IIj^  f  SNO^; 
a  yellow,  glutinous,  resinous  substance,  insoluble  in  wmieft  db- 
solved  out  of  the  mass  by  ether.  This  substance  is  na  ^t^- 

rignac  according  to  the  plan  followed  by  Laurent  of  di^  ,  ,  ib? 
compounds  obtained  successively  from  the  same  root  fcytt* 
vowels,  a,  e,  i,  o,  etc.;  the  two  preceding  cotvi  lieitig  nia^ 

naphtalase  and  nitronaphtalese,  this  falls  r  .imc<l  Bitf»- 

naplitalise.  Alkalies  decompose  this  sul>stance,  and  coarcrt  il 
into — 2,  a  bromi  matter^  C|.^H3N05,  carbonic  acid  and  *»- 
monia;   3,  lulronaphtalic  acid,  2lIO-f  CjgH^NOi,;   •  ^^^ 
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apidj  soluble  in  wnter,  forming  crystallizable  salts.  The  salt  of 
ammonia  is  white,  with  the  lustre  of  mother  of  pearl,  and 
rvafembles  the  crystalline  plates  of  naphtaline;  it  is  readily  dis- 
solved by  water,  and  pretty  soluble  in  alcohol.  The  salts  of 
miver  and  barytas  contain  two  atoms  of  metallic  oxide,  the  salt 
jqif^AMuf  four  atoms. 

.^.M.  de  Marignac  also  obtained  a  volatile  liquid,  which  distilled 
over  with  the  excess  of  nitric  acid,  in  treating  the  hydrochlorate 
irf  chloronaphtalcse  (C2oHyCl4)  with  that  acid,  of  which  the 
constitution  is  remarkably  simple,  C  CI  NO4,  orCCl4-N04. 
This  liquid,  which  is  not  named,  is  perfectly  colourless,  trans- 
parent, of  density  1.685  at  59^  of  an  odour  excessively  irritating, 
like  that  of  chloride  of  cyanogen,  and  affecting  the  eyes,  neutral 
to  test-paper.  Water  dissolves  a  mere  trace  of  it,  but  acquires 
uu^eby  its  smell  and  taste.  It  dissolves  easily  in  alcohol  and 
etiier;  nitric  and  hydrochloric  acids  dissolve  only  a  very  little 
of  it.  Its  boiling  point  appears  to  be  not  greatly  above  2 1 2**. 
The  aqueous  solution  of  potash  has  no  action  upon  it,  the  alco- 
'liolic  solution  dissolves  it  easily,  and  after  a  time,  a  crystalline 
!|lptasli-salt  falls,  which  is  decomposed  when  heated,  with  explo- 
Aaa*    The  density  of  its  vapour  was  not  ascertained. 

The  naphtalic  acid,  which  is  formed  and  remains  in  the  retort 
19  the  preceding  process,  did  not  possess  the  properties  or  com- 
position of  the  acid  which  M.  Laurent  obtained  by  a  similar 
,  process.  Marignac*s  naphtalic  acid  contains  nitrogen,  with 
carbon  and  hydrogen  in  the  proportion  of  C^H^,  which  is 
Ipoonsistent  with  the  formula  of  the  following  acid.* 

Naphtalic  add,  HO-I-C8II2O3,  is  formed  on  heating  with 
liitric  acid  the  second  compound  or  solid  chloride  of  naphtaline 
in  the  foregoing  list  (the  chlorhydrate  of  chloronaphtalcse) ; 
iraddy  fumes  are  given  off,  and  the  acid  solution  gives  on  con- 
centration a  white  crystalline  crust,  which  is  naphtalic  acid. 
"Qne  equivalent  of  chlorhydrate  of  chloronaphtalcse  and  10  equi- 
valents of  oxygen  give  2  equivalents  of  naphtaUc  acid,  2  equiva- 
'  Jents  of  oxalic  acid,  and  4  of  hydrochloric  acid  : 

CaoHgCl^  and  10O=2C8H2O3  and  2C2O3  and  4HC1. 

*  C.  de  Marignac,  in  Licbig's  Annalen,  vol.  38,  pp.  I  &  13. 
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It  crptallizea  by  fiabUmadon  in  long  tliiii  prisms,  resemSUo* 
benzoic  add,  which  are  inodorous,  have  a  weak  taste,  ftise  at 
221%  are  soluble  with  difficulty  in  water,  hare  an  acid  re-ictioB 
and  form  salts  with  bases.  (Laurent) 

Parfmaphtaline^  (^30^12'  s^ccompanies  naphtaline  in  tar,  and 
is  deposited  by  the  distilled  oil  when  greatly  cooled  in  crystal- 
line  grains.  It  is  distinguished  from  naphtaline  by  its  sparing 
solubility  in  boiling  alcohol.  It  is  also  less  fusible  and  less 
volatile,  fusing  at  356*  and  boiling  above  572*  (300*  oetitig.}* 
Its  best  solvent  is  oil  of  turpentine.  It  contains  carbon  lad 
hydrogen  in  the  same  proportion  as  naphtalinei  but  on  taldng 
the  density  of  its  vapour,  it  is  found  that  5  volumes  of  napli* 
taline  represent  only  2  of  paranaphtaline  j  the  density  oT  die 
latter  is  6732.  (Dumas  and  Laurent,  Ann.  de  Chim,  1^  187). 


SECTION  V. 


BITUMEN, 


A  tarry  matter,  known  as  bitumen,  is  found  native  in 
parts  of  the  world,  sometimes  so  consistent  as  to  be  termol 
pitch  ur  asphalt,  and  often  liquid  and  thin,  as  tlic  native  pelio- 
leum  or  naphtha  of  Persia  and  Rangoon.  The  latter^  Howerer, 
always  holds  much  fixed  matter  in  solution, 

According  to  the  recent  observations  of  MM.  PeUctterand 
Walter,  natural  naphtha  consists  of  several  liquid  and  one 
solid  compound,  paraffin  namely,  which  it  contains  TfaAf 
formed.  The  hquid  compounds  are  hydrocarbons,  which  thcK 
chemists  name  naphtha,  naphtene  and  naplttoL  They  ait 
separated  from  each  other  by  cUstUlation,  as  they  hav€^  f];*T.f*»fii 
boiling  points. 

Naphtha,  C^^lly^;  boils  between  185**  and  194%  is  dtoom* 
posed  by  sulphuric  and  nitric  acid,  particularly  witli  the  aid  ^ 
heat,  less  affected  by  chlorine;  iodine  dissolves  in  it*  TU 
density  of  its  vapour  is  by  observation  3400,  by  catcoktiiiii 
3390. 

^'apMhene^  CjgHjg;  is  denser  than  naphtha,  oily,  and  bdb 
at  239°.  Tlie  density  of  its  vapour  is  by  observation  4000,  bj 
calculation  3^20,     Naphtene  thus  forms,  from  its  eotnpostltioii* 
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the  fourth  member  of  the  series  of  hydrocarbons  to  which  ole- 
$Mit  gas  belongs : 

Methylene    (hypothetical)  C^  H^ 

Olefiant  gas     .         ,         .  C4   H4 

Oil  gas    ...        .  Cq  Hq 

■-  Naphtene        .        .        .  C^g  Hj^ 

-  *  Cetene    ....  Cg^  H33 

'*^  JVii/^A/o/,  C24H2Q ;  like  naphtene,  greatly  resembles  naphtha 
'ill  its  chemical  properties^  boils  at  374".  The  density  of  its 
yvfoya  is  by  observation  5300,  by  calculation  5600.  Naphtol 
and  naphtene  give  compounds  with  chlorine,  bromine  and 
uiSdine. 

"  It  is  evident  from  its  composition  that  natural  naphtha  must 
be  the  product  of  the  action  upon  vegetable  matter  of  a  high 
temperature,  which  has  not  however  exceeded  a  red  heat.* 


CHAPTER    IV. 

AMYGDAUN  AND  THE  BODIES  DERIVED    FROM   ITS   DECOMPO- 
SITION. 

SECTION    I. 

AMYGDALIN. 

The  formula  of  anhydrous  amygdalin  is  C40H27N  O^^. 

This  is  a  principle  in  the  bitter  almond  and  berries  of  the 
(berry-laurel,  of  which  the  discovery  is  due  to  Robiquet  and 
Jloutron-Charlard.  Its  singular  decomposition  and  the  nature  and 
nlations  of  the  products  resulting  from  it  were  ably  investigated 
by  MM.  Liebig  and  Woehler  in  a  memoir,  the  pubUcation  of 
which  formed  an  important  era  in  the  progress  of  organic  che- 
jnistry  (An.  de  Chim.  li,  273.) 

<  A  &t  oil  is  obtained  by  submitting  blanched  bitter  almonds 
tp  .great  pressure  between  two  hot  iron  plates ;  tlie  matter 
which  remains,  or  the  almond  cake,  is  the  source  of  amygdalin. 
It.  is  treated  with  boiling  alcohol  of  93  or  94  per  cent  applied  to 
it  in  successive  portions,  and  the  alcoholic  solutions  evaporated 
by  a  water-bath  to  a  syrupy  consistence.  To  remove  a  quan- 
*  Journal  d«  Pharmacte,  t  26,  p.  549. 
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tity  of  sugar  which  prevents  the  ttmygdalin  from  crTStaHkinij, 
the  residue  is  diluted  ^ith  water,  a  little  yeast  added  lo  r 
it  is  left  to  feraient  in  a  warm  place.  After  the  fennei.u-.^-. 
ceases,  the  hquid  is  filtered  and  evaporated  again  by  a  water- 
bath  to  a  syrupy  consistence*  On  mixing  the  syruji  with  a 
portion  of  strong  alcohol  of  94  per  cent,  all  the  amygdaliu  pre- 
cipitates in  the  form  of  a  white  crystalliae  powder,  wlmU  is 
pressed  in  folds  of  filter  paper,  and  afterwards  purified  by  new 
crystallizations  from  alcohol.  (Liebig), 

As  crystallized  from  alcohol,  amygdalin  retains  a  portion  0f 
that  substance  in  combination,  which  it  loses  when  e?tpoaedto 
air.  At  tlie  ordinary  temperature  it  is  scarcely  soluble  in  anhf- 
drous  alcohol,  but  is  more  easily  dissolved  by  boiling  alcoboL 
It  is  very  soluble  in  water,  and  crystallizes  from  a  solutina 
saturated  at  104''  in  large  transparent  prisms,  of  a  silky  luiitie 
which  contain  10,57  per  cent  of  water,  or  <3  atoms;  dried  ia 
vacuo  over  sulphuric  acid  the  crystals  lose  3.52   p^  of 

water^  equivalent  to  2  atoms.     The  crystals  are  not  v  _  mt 

are  decomposed  by  a  high  temperature,  diffusing  die  odour  of 
hawthorn,  and  leaving  a  bulky  charcoal. 

Dry  chlorine  has  no  eflfect  upon  amygdalin ;  humid  chloride 
converts  it  into  a  bulky  white  powder,  insoluble  in  water  mi 
alcohol,  which  has  not  been  examined.  Heated  v,  '  ' '  itc 
nitric  acid,  or  with  peroxide  of  manganese  and  dilutv  ^  tic 
acid,  amygdalin  produces  ammonia,  volatile  oil  of  bitter  almoncbi 
benzoic  acid,  formic  and  carbonic  acids*     Hyp*  i  ftaie  *rf 

potash  in  decomposing  amygdalin  gives  rise  to  cv.  -d  licii- 

zoate  of  potash.  Caustic  alkalies  convert  amygdalin  into  aniiBOiii% 
which  is  disengaged,  and  amygdalic  acid,  a  peculiar  acid,  whiA 
remains  in  combination  with  the  alkali. 

AMYGDAUC   ACID, 


Formula  :  HO  +  C4()H2fi^24'  This  acid  was  first  obtained  by 
Liebig  and  Wcehlerj  by  the  action  of  alkalies  upon  amygdaEa. 
It  is  best  prepared  by  dissolving  amygdalin  in  baryiea-wildt 
and  maintaining  the  mixture  in  a  state  of  ebullition^  so  longss 
ammonia  is  disengaged;  the  barj^tes  is  then  removed  by  sul- 
phuric acid,  and  the  liquid  evaporated  by  a  water-bath,  lutk 
formation  of  this  acid^  I   atom  of  amygdalin  and  2  atacns  of 
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jTftter  are  resolved  into  1  atom  of  anmionia  and  1  atom  of  anhy- 
vdroiia  amygdalic  add : 

C40H27NOJ3  and  2  HO=C4oHaeO^  and  NH3. 

Amygdalic  acid  is  obtained  by  evaporation  as  a  transparent 
-Mlotirless  amorphous  mass ;  it  has  a  very  agreeable  acid  taste, 
db  insoluble  in  alcohol  and  ether,  but  so  soluble  in  water  as  to 
'^Miqtiesoe  in  damp  air. 

Nitric  acid  and  the  mixture  of  peroxide  of  manganese  and 
dilute  sulphuric  acid  act  on  amygdalic  acid  as  on  amygdalin, 
ctflbwing  for  the  absence  of  nitrogen  from  the  former,  the  pro- 
4tieto  being  volatile  oil  of  bitter  almonds,  formic  and  carbonic 
'hit&dsy  all  of  which  are  disengaged  in  the  state  of  gas. 
•^'  Little  is  known  of  the  amygdalates;  they  appear  to  be  in 
'jftoeral  soluble  salts,  with  the  exception  of  a  basic  salt  of  lead. 
^Amygdalin,  it  will  be  observed,  has  the  composition  of  amyg- 
idalate  of  oxide  of  ammonium,  from  which  the  elements  of  3 
^litoms  of  water  have  been  abstracted  ;  or  it  has  lost  1  atom  of 
%ater  more  than  a  true  amygdalamide  (Liebig). 

SECTION    II. 

r 

*  BENZOYL  SERIES  OF  COMPOUNDS. 

.   Benzoyl  or  benzoile,*  Ci4H502=Bz.    This  is  the  hypothetical 

-.laical  of  a  series  of  compounds,  including  benzoic  acid,  (from 

.ffbioh  it  derives  its  name),  and  the  essence  or  volatile  oil  of 

}pXXet  almonds.     The  last  substance  is  derived  from  amygdalin 

,^  various  means.   Amygdalin  exists  also  in  the  kernels  of  many 

fruits^  and  in  the  leaves  of  the  laurel. 

BENZOIC   ACID. 

Formula:     HO,Ci4H503=HO,  BzO.       This     acid     exists 

ready  formed  in  several  resins,  particularly  benzoin  and  dragon's 

bipod.     It  is  produced  by  the  decomposition  of  amygdalin  by 

'oxidating  matters,  by  the  oxidation  of  essence  of  bitter  almonds, 

<»f  liippuric  acid^  and  in  many  other  circumstances. 

*  Bentuie  of  seFeral  Engliih  chemical  writeri. 
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To  prepare  l^enzoic  acid  from  the  resin*  Dr,  Aloltr  directs  I 
pound  of  it  to  be  broken  and  spread  untfonnly  in  m  ci^  Iron 
bason,  8  or  9  inches  in  diameter  and  2  inches  deep^  ibe  motuli 
of  which  is  then  covered,  like  a  drum*  by  unsised  paper  paated 
down  at  the  edges.  A  cylindrical  re&sel  of  paper  of  the  mt 
and  ordinary  form  of  a  man's  hat  is  pulled  over  this,  and  bound 
about  the  bason  by  a  thread.  The  bason  is  then  pLiced  on  a 
sand-bath  for  three  or  four  liours,  attention  being  paid  to  tlie 
man^ement  of  the  heat,  for  the  beauty  and  purity  of  the  pn^* 
duct  depend  entirely  upon  the  slowness  and  re^lanty  wiili 
which  the  sublimation  is  effected.  The  paper  cylinder  is  foimd 
completely  filled  with  sujMJrb  crystals  of  benzoic  acid  of  splendid 
whiteness  and  perfectly  free  from  the  black  eppyreuoiatic  oO 
which  they  are  generally  soiled  with  ;  but  having  on  the  eontrsqr 
a  strong  and  very  agreeable  odour  of  b^nzuln.  This  prooeis 
yields  about  4  per  cent  of  benzoic  acid. 

Benzoic  acid  is  also  prepared  in  the  iiuui:d  way ;  the  tusid 
is  finely  pulverised  and  care  taken  to  mix  it  intimately  with  in 
equal  weight  of  hydrate  of  lime ;  the  mixture  is  then  boiled  miti 
twenty  times  its  weight  of  water  by  which  the  benzoate  of  lint 
is  dissolved ;  the  solution  is  filtered,  and  after  being  concen- 
trated to  about  one-fifth  of  its  bulk  hydrochloric  acid  is  addedp 
by  which  the  benzoic  acid  is  liberated,  and  crystalliaces  on  cool- 
ing. The  chief  point  to  be  attended  to  in  this  process  b  the 
misdng  of  the  resin  and  hydrate  of  lime^  which  most  be  inti' 
mate^  otherwise  the  mass  agglomerates  in  boiling  watery  and  tb 
benzoic  acid  can  only  be  obtained  by  reducing  the  mass  to 
powder  and  mixing  it  again  with  hydrate  of  lime. 

The  benzoic  acid  may  be  purified  by  a  second  sublimatipOt 
or  by  sending  a  stream  of  chlorine  tlirough  its  sulutkm  IB 
boiling  water  (Liebig^'s  Traite.) 

Benzoic  acid  cr^^stallizes  when  sublimed  in  long  hezj^gooil 
silky  needles ;  when  pure  it  b  colourless  and  inodarons  j  tat 
it  acquires  by  heat  an  odour,  analogous  to  that  of  benzoin*  lli 
taste  is  sweet  and  hot^  but  quite  peculiar.  It  reddens  litnfli 
feebly  ;  water  dissolves  y»  of  its  weight  of  benzoic  acid  al  tlf* 
and  m  only  at  the  ordinary  temperature.  It  is  soluble  in  tm 
parts  of  alcohol  and  the  same  quantity  of  etlier,  and  diasntrei  abs 
in  oil  of  turpentine*  Benzoic  acid  fuses  at  248%  and  aubUmes  st 
293%   phosphorescing  in   the  dark;   it  boila  at   462*^   (29^ 
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^®'^%-)  ;  the  density  of  its  vapour  is  4270  by  experiment,  and 
4260  by  calculation.  Heated  in  open  air  it  allows  a  white 
vapour  to  diffuse,  which  greatly  irritates  the  fauces  and  pro- 
yokes  coughing.  It  is  very  inflammable,  and  bums  with  a  white 
sraoky  flame  without  leaving  any  residue. 

Benzoates.  Benzoic  acid  is  readily  dissolved  by  alkalies  and 
alkaline  carbonates,  and  also  by  phosphate  of  soda.  Several 
insoluble  benzoates  are  dissolved,  according  to  Lecanu  and 
Serbat,  by  acetates  of  potash  and  soda  and  nitrate  of  soda, 
while  they  are  insoluble,  in  nitrate  and  sulphate  of  potash,  and 
anlphate  of  soda.  Ammonia  forms  a  neutral  and  ^cid  benzoate ; 
tihe  last  presents  itself  in  large  regular  crystals.  The  salts  of 
potash^  sodoj  lithia,  and  maynesia  are  very  soluble,  and  crystallize 
with  difliculty.  Tlie  salt  of  lime  is  soluble  in  20  parts  of  cold 
water,  and  in  a  greater  proportion  in  boiling  water ;  it  crys- 
tallizes in  flexible  needles,  or  brilliant  prisms,  which  contain  1 
atom  of  water  of  crystallization.  Benzoate  of  alumina  is 
obtained  as  a  crystalline  precipitate.  Benzoates  of  manganese 
and  protoxide  of  iron  are  pretty  soluble.  Neutral  benzoate  of 
peroxide  ofiron,  Fe^Os  +  dBzO,  is  soluble  in  water  and  alcohol 
and  crystallizable.  But  peroxide  of  iron  is  thrown  down  in  the 
ferm  an  insoluble  sub- benzoate,  of  a  reddish  white  or  buff  colour, 
when  a  soluble  benzoate  is  added  to  a  solution  of  peroxide  of 
iron,  previously  neutralised  without  precipitating  any  peroxide  of 
iron  by  means  of  anmionia.  To  prevent  the  decomposition  of 
tins  precipitate  and  the  formation  of  a  soluble  benzoate  of  iron, 
^it  should  be  washed  by  a  solution  of  sal  ammoniac.  Benzoate 
of  ammonia  is  often  employed  to  separate  peroxide  of  iron  from 
Oizides  of  manganese,  nickel,  and  zinc,  but  when  the  solution 
contains  at  the  same  time  alumina,  yttria,  zirconia,  or  glucina, 
liie  process  does  not  answer,  as  the  benzoates  of  these  oxides 
are  equally  insoluble  with  that  of  peroxide  of  iron.  Benzoate 
of  lead  is  nearly  insoluble  in  water,  but  soluble  in  acetic  acid, 
firom  which  it  may  be  obtained  crystallized  in  plates,  which 
contain  2  atoms  of  water,  one  of  which  it  abandons  when  dried 
at  212^  Solutions  of  an  alkaline  benzoate  and  trisacetate  of 
lead,  give  a  white  anhydrous  and  insoluble  precipitate,  which  is 
iiasie  benzoate  of  lead  consisting  of  2  atoms  of  benzoic  acid 
muted  with  3  atoms  of  oxide  of  lead.  Benzoate  of  stiver  is  ob- 
tained in  colourless  needles,  flattened  and  brilliant,  on  treating 
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a  boiling  and  dilate  solution  of  an  alkaline  benzoate  with  nitrate 
-of  silver,  and  allowing  the  liquid  to  cool. 

HYDRURET  OF  BENZOYL,   OR  ESSENCE   (VOLATILE   OIL)    OF 

ALMONDS. 

Formula  C^^H^O^-hll=Bz,H.  The  crude  oil  obtained  by 
distilling  laurel  leaves  or  bitter  almonds  vnth  water,  contaual 
hydrocyanic  acid,  benzoic  acid  and  some  benzoine  (a  solid  oil)  j 
it  is  purified  by  a  new  distillation  with  watefj  protochloride  of 
iron  and  hydrate  of  lime  in  a  thin  liquid.  The  oil  which 
distils  over  may  be  dried  perfectly  by  digestion  with  chloride 
calcium. 

Pure  hydruret  of  benzoyl  is  a  transparent  colourless  liq^ 
of  high  refracting  power ;  its  odour  is  strong  and  peculiar  hat- 
ing some  resemblance  to  that  of  hydrocyanic  acid^  its  taste 
burning.  It  is  poisonous.  The  density  of  the  oil  is  1.045,  iti 
boiUog  point  356** ;  its  vapour  may  be  transmitted  tWough  a 
tube  heated  to  redness  without  being  decomposed.  It  ittflaitief 
easily  in  air,  and  burns  with  a  while  smoky  flame.  It  is  soluble 
in  30  parts  of  water,  and  may  be  mingled  in  all  proporttoni 
w^ith  alcohol  and  ether.  Nitric  acid  dissolves  hydruret  of 
benzoyl,  but  converts  it  with  difficulty  into  benzoic  ncii 
Hydruret  of  benzoyl  is  gradually  converted  in  air  into  benzoic 
acid  by  absorbing  2  atoms  of  oxygen,  an  atom  of  water  being 
formed  at  the  same  time  which  combines  with  the  benzoic  wai 
formed*  In  presence  of  an  alkaU  it  absorbs  oxygen  rapiittf ' 
and  is  transformed  almost  immediately  into  a  benzoate.  WiOM 
mixed  with  dry  hydrate  of  potash,  and  distilled  at  a  high  ton* 
perature  out  of  contact  with  air,  it  forms  benzoate  of  poiaal^ 
by  the  decomposition  of  water,  and  pure  hydrogen  gaa  is  <Bi- 
engaged.  Submitted  to  a  moderate  heat  with  an  alkali  it  git* 
dually  produces,  according  to  Freray,  an  alkaline  ben»oate  ind 
a  volatile  oily  hquid  very  rich  in  hydrogen.  Dilute  solutions  of 
the  alkahes,  barjtes,  or  lime-water,  dissolve  hydruret  of  bcnioyli 
but  do  not  alter  it,  even  when  kept  for  24  hours  at  1 40*  or 
160'',  provided  air  is  excluded.  But  all  these  solutions  furniA 
a  notable  quantity  of  the  solid  benzoine,  when  after  barii^ 
added  to  them  some  drops  of  hydrocyanic  acid  they  arc  expatti 
to  a  temperature  of  158*.     Oa  treating  hydruret  of  beiaaft 
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with  an  alcoholic  solution  of  potash,  it  passes  in  a  few  seconds 
into  benzoate  of  potash  which  floats  upon  the  alcohol ;  a  portion  of 
the  hydruret  of  benzoyl  which  loses  oxygen  being  converted  at 
the  same  time  into  an  oil  of  unknown  composition  retained  in 
solution  by  the  alcohol. 

Chloride  of  benzoyl  Ci4ll502  +  Cl=Bz,Cl;  is  formed  on 
transmitting  chlorine  gas  through  dry  hydruret  of  benzoyl,  so 
long  as  hydrochloric  acid  is  disengaged,  and  heating  the  yellow 
liquid  to  expel  the  excess  of  chlorine,  till  it  becomes  colourless. 
The  atom  of  hydrogen  of  the  hydruret  of  benzoyl  is  removed 
by  one  atom  of  chlorine,  and  replaced  by  another,  as  in  ordi- 
nary substitutions. 

Chloride  of  benzoyl  is  a  colourless  liquid,  of  a  ver}'  penetrat- 
mg  and  disagreeable  odour,  which  afi^ects  the  eyes  ;  its  density 
is  1.106 ;  it  boils  at  383*»  (195®  centig.).  It  may  be  distilled  from 
lime  or  barytes  without  change.  It  mixes  with  ether  and 
bisulphuret  of  carbon  without  decomposition.  Cold  water 
converts  it  more  slowly  than  hot  water  into  hydrochloric  and 
benzoic  acids  ;  with  alkalies  it  produces  an  alkaline  benzoate 
and  chloride  of  the  same  metal.  With  alcohol  it  produces 
benzoate  of  ether  and  hydrochloric  acid. 

Bromide  and  iodide  of  benzoyl  crystallize  in  transparent 
colourless  plates. 

Sulphurel  of  benzoyl  is  obtained  by  distilling  chloride  of  ben- 
zoyl with  sulphuret  of  lead,  as  a  yellow  oil,  which  fixes  as  a  soft 
crystalline  mass,  having  a  peculiar  disagreeable  odour. 

Cyanide  of  benzoyl  is  prepared  by  distilling  chloride  of  ben- 
zoyl with  cyanide  of  potassium  ;  it  is,  after  rectification,  a 
colourless  oil  having  a  strong  cinnamon  odour  which  excitca 
tears. 

Benzamidey  Bz-|-NH2=Bz,Ad ;  is  prepared  by  saturating 
chloride  of  benzoyl  by  dry  ammoniacal  gas  ;  pulverising  the 
white  solid  mass  which  is  formed,  washing  it  with  cold  water  to 
remove  sal  ammoniac,  and  dissolving  the  residue  in  boiling 
water,  which  deposits  the  bcnzamide  on  cooling.  It  crystallizes 
in  right  rhomboidal  prisms,  or  in  small  tables  of  a  pearly  lustre, 
fuses  at  239®  into  a  colourless  liquid,  and  may  be  distilled  at  a 
higher  temperature.  It  is  soluble  in  alcohol  and  ether,  as  well 
as  in  water.  Acids  and  alkalies  decompose  it,  with  the  pre- 
sence  of  water,  into  ammonia  and  benzoic  acid. 
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FormobenzoiHc  acidy  HOH-BzHjC^HOa.  This  add  contaiits 
hydmret  of  benzoyl  in  combination  witb  fonnic  acid.  It  is  tlie 
result  of  the  action  of  dilute  liydrochloric  acid  upon  the  cTiMfe 
distilled  water  of  bitter  almonds  which  contains  the  essence  and 
hydrocyanic  acid.  The  latter  acid  is  decomposed  in  cutitael 
with  water  and  a  strong  acid,  into  ammonia  and  formic  acidt 
the  last  of  w^hich  unites  in  the  nascent  state  with  the  o3. 
This  acid  is  a  white  crystalline  powder,  very  acid,  fmsible  title 
an  oily  liquid  by  heat  with  loss  of  water,  soluble  easily  in  vileri 
alcohol  and  ether ;  capable  of  decomposing  with  aid  of  beat  tlie 
acetates,  carbonates  and  benzoates'.  Its  aqueous  solution  wbea 
submitted  to  oxidating  agenciesj  such  as  chlorine,  nitric  rnsHf 
and  peroxide  of  manganese  with  dilute  sulphuric  acid,  gitat 
carbonic  acid  and  hydruret  of  benzoyl. 

Fonnobenzoilic  acid  has  the  same  saturating  power  as  formic 
acid,  and  belongs  to  that  class  of  acids  into  the  constitution 
of  w^hich  some  foreign  body  enters  without  neutralising  tbeiii. 
In  the  formation  of  its  salts,  the  basic  water  of  the  fbrmula 
above  is  replaced  by  a  metallic  oxide. 

Benzoate  of  hydruret  of  benzoyl  j  a  body  which  consists  of 
1  atom  of  hyd rated  benzoic  acid  united  with  2  atoms  of  hydruret 
of  benzoyl*  Jt  is  prepared  by  saturating  the  crude  essence  of 
bitter  almonds  by  humid  gaseous  chlorine;  after  some  titw 
the  new  compound  is  deposited  in  a  crystalline  mass,  which  i* 
washed  with  eokl  ether.  It  farms  either  a  crystalline  powifar 
of  great  w  hiteness,  or  slender  short  prisms  of  a  square  ba«^ 
transparent  and  brilliant.  It  is  soluble  in  alcohol,  very  siiglitlf 
soluble  in  cold  ether,  and  insoluble  in  water.  It  is  decomposed 
immediately  by  an  alcoholic  solution  of  hydrate  of  potash,  wludb 
deposits  benzoate  of  potash  after  a  time  in  regular  crystala. 


I 

(  HIPPURIC  ACID, 


Formula:  HO-^Cij^HgNO^. 

This  acid  was  discovered  by  Liebig,  and  obviously  bdongtto 
the  benzoyl  series,  although  its  exact  place  cannot  at  preaenf  bo 
assigned  to  it  with  certainty.  It  has  been  viewed  as  a  compound  d 
berizamide  with  an  organic  acid  namely  C4HO3  (aconitic,  fumari^ 
or  equisetic  acid)  |  or  as  a  compound  of  hydruret  qf  benaojif 
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hydrocyanic  and  formic  acids.  It  exists  in  large  quantity  in  the 
urine  of  herbivorous  mammifers,  and  vtas  first  derived  from 
that  of  the  horse ;  hence  its  name. 

To  prepare  it  the  fresh  urine  of  the  cow  or  horse  is  evaporated 
by  a  gentle  heat,  care  being  taken  not  to  allow  it  to  enter  into 
ebullition  5  it  is  then  made  sharply  acid  by  means  of  hydro- 
chloric acid,  and  left  to  itself.  Tlie  hippuric  acid  which  crys- 
tallizes from  this  liquid  is  coloured  and  impure,  but  may  be 
purified  by  adding  a  little  hydrochloric  acid  to  it  with  portions 
of  chloride  of  lime  till  the  odour  and  colour  disappear. 

Hippuric  acid  crystallizes  in  pretty  large  semi-transparent 
prisms  of  four  sides  and  dihedral  summits,  which  have  a  slightly 
bitter  taste,  and  redden  litmus  strongly.  They  fuse  by  heat 
into  an  oily  liquid  without  loss  ofweiglit;  at  a  higher  tempe- 
rature the  acid  undergoes  decomposition  and  is  converted  into 
benzoic  acid  and  benzoate  of  ammonia,  which  distil  over  in  red 
drops,  diffusing  an  agreeable  odour  like  that  of  the  Tonquin 
bean,  which  is  occasioned  by  an  oily  product  of  the  reaction ; 
while  towards  the  end  of  tlie  distillation  hydrocyanic  acid 
appears  and  a  porous  residue  of  charcoal.  Cold  water  dissolves 
«itf  of  hippuric  acid,  hot  water  dissolves  it  very  abundantly ;  it 
is  more  soluble  in  alcohol,  and  very  slightly  soluble  in 
ether. 

Hydrochloric  acid  dissolves  hippuric  acid  without  decomi)os- 
ingit;  nitric  acid  converts  it  almost  immediately  into  benzoic 
acid.  Peroxide  of  manganese  and  sulphuric  acid  convert  it, 
with  the  aid  of  heat,  into  carbonic  acid,  ammonia  and  benzoic 
add.  Boiled  with  puce  coloured  oxide  of  lead,  hippuric  acid 
18  converted  into  benzamidc  and  carbonic  acid. 

After  the  urine  of  the  horse  is  left  to  itself  for  a  long  time,  or 
evaporated  rapidly,  it  contains  benzoic  acid  and  no  hippuric 
acid.  M.  Liebig  expresses  an  opinion  that  hippuric  acid  is  not 
a  product  of  the  animal  economy,  but  comes  from  the  food  of 
the  animals,  in  which  it  may  exist  ready  formed.  For  it  is 
observed  that  the  urine  of  horses  living  on  green  food,  always 
iiimishes  hippuric  acid,  while  the  urine  of  animals  fed  on  dry 
herbs  or  hay,  which  has  undergone  a  kind  of  fermentation, 
contains  only  benzoic  acid.  Mr.  Alexander  Ure  has  since  made 
the  curious  observation  that  benzoic  acid  taken  internally  by 
man  is  discharged  in  the  urine  as  hippuric  acid,  while  the  pro- 
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portion  of  urie  acid  in  the  urine  suffers  at  the  same  time  a 
diiiunution  or  is  reduced  to  nothing.* 

Tlie  hippuraiea  of  the  alkalies  and  alkaline  earths  are  aalubl 
and  crystallizable-  Those  of  the  metals  proper  with  the 
ception  of  iron  are  very  sparingly  soluble  in  cold,  but 
soluble  in  hot  water  and  crystallize  on  cooling*  The  si 
acids  separate  htppuric  acid  from  all  the  hippuratea ;  disttUad 
with  Unie  or  hydrate  of  potash  they  give  ammonia  witli  an  oily 
liquid  supposed  to  be  benzin. 


PRODUCTS  OF  THE  DECOMPOSmON  OF  BENZOYL  COHPOlTND^| 

Hf/pomlphobm2oic  acid^  2HO  +  C,4H403,Sa05 ;  a 
add  discovered  by  Mitscherhch^  It  is  prepared  by  condoc 
the  vapour  of  anhydrous  sulphuric  acid  into  a  dry  recjeiver  i 
taining  benzoic  acid  and  surrounded  by  cold  water ;  a  vis 
mass  is  formed  like  turpentine,  which  is  taken  up  by  water,  \ 
after  the  nncombined  benzoic  acid  has  subsided  from  the  liiju^ 
the  latter  is  neutralised  with  carbonate  of  barjrtes,  and 
evaporating  the  mixture,  some  4iydrochloric  acid  is  added  to  ilj 
the  acid  hyposulphobenzoate  of  barytes  crystallizes  upon  i 
The  free  acid  is  obtained  by  precipitating  the  barytes  of  the 
salt  by  sulphuric  acid,  filtering,  evaporating  the  solution  by  (ki 
naked  fire  and  finally  in  vacuo  over  sulphuric  acid  ;  in  this  wijr 
the  acid  is  obtained  in  a  crystalline  state.  The  crystals  may 
be  heated  to  302**  without  alteration,  hut  at  a  higher  tempcn- 
ture  they  are  decomposed* 

This  acid  forms  both  an  acid  and  neutral  class  of  salts,  the 
first  containing  one  atom  of  water  and  one  atom  of  metallic 
oxide  as  base,  the  other  two  atoms  of  metallic  oxide.  All  tbes^ 
salts  when  distilled  with  an  excess  of  hydrate  of  potash  leave  a 
residoe  composed  of  sulphate  and  sulphite  with  carbonate  of 
potash,  indicating  the  presence  of  lijT)08ulphuric  acid  in  lie 
original  compound.  Acid  hyposuiphobetizoate  of  barytes  crp- 
tallizes  in  oblique  rliomhoidal  prisms,  soluble  in  20  parts  of  cold 
water,  and  containing  0.6  per  cent  of  water  of  crystaQlsatiati  qf ,  ^ 
3  atoms,  which  it  loses  at  212*. 

Neutral  htjposutphobensoate  of  barytes^  2BaO  +  C  j^H^O„  S^O^ 
is  obtained  by  boiling  the  acid  salt  with  carbonate  of  birytes;, 

*  Prucc«di]igt  of  tlie  Phartiiaceuiical  Mcftjag«  «i  Mr.  BeU*^  ViM  K  foL  1.  IHi^ 
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it  is  more  soluble  than  the  former  salt,  but  crystallizes  with 
difficulty  in  a  regular  form.  It  will  b^  observed  that  hyposul- 
plbobensoic  acid  is  formed  by  the  abstraction  of  the  elements  of 
1  atom  of  water  from  1  atom  of  benzoic  add  and  2  atoms  sul- 
plmric  add,  and  that  it  retains  the  saturating  power  of  2  atoms 
of  sdd^  being  bibasic. 

Niirobenzaic  or  benzo^nitric  acid^  HO  +  C14H4O3,  NO4;  an 
add  formed  by  the  abstraction  of  HO  from  the  elements  of 
nitric  add  and  benzoyl.  It  is  prepared  by  boiling  benzoic  add 
with  an  excess  of  nitric  acid,  the  first  is  dissolved  and  colours 
liie  fluid  red ;  deutoxide  of  nitrogen  is  evolved  as  an  accidental 
product  arising  from  the  action  of  the  nitric  acid  on  the  nitro- 
bttisoic  acid  already  formed.  From  the  cold  solution  crystals 
sinular  to  benzoic  acid  are  deposited;  the  fluid  eventually 
bspomes  a  solid  crystalline  mass.  At  50%  400  parts  of  water 
dissolve  1  part  of  the  add,  at  212®  10  parts.  It  dissolves  easily 
in  alcohol  and  ether;  fuses  at  260^6  (127''  centig.)^  but  begins 
to  sublime  at  230® ;  the  pure  acid  sublimes  unchanged ;  chlorine 
lias  no  action  upon  it. 

^e  mtrobenzoates  are  for  the  most  part  soluble  in  water  and 
sloohol,  crystallizable,  explode  by  heating,  and  when  gently 
warmed  give  off  nitrobenzide  (C12H5NO4).  Ammonia  forms  a 
naotral  and  acid  salt.  The  salt  of  lime  is  adcular  and  contains 
S  atoms  of  water,  which  are  driven  off  at  374^  The  salt  of 
htarytes  loses  4  atoms  of  water  at  212®.  The  salt  of  strontian 
loses  2^  equivalents  of  water  at  266®.  When  add  nitroben- 
loate  of  ammonia  is  added  to  a  solution  of  sidphate  of  zinc,  a 
gelatinous  basic  salt  precipitates,  containing  4  atoms  of  oxide 
$tf  zinc  to  1  atom  of  acid.  The  filtered  solution  gives  the 
neutral  salt  of  zinc  in  crystalline  plates,  which  contain  5  atoms 
of  water.  The  salt  of  copper  is  a  blue  powder  soluble  in  hot 
water^  containing  I  atom  of  water.  Besides  a  neutral  nitroben- 
aoate  of  leady  a  remarkable  sul>-salt  exists,  in  which  1  atom  of 
oxide  of  lead  is  united  with  5  atoms  of  the  neutral  salt.  Nitro- 
bensoic  add  forms  fine  crystallizable  compounds  with  both 
oxide  of  ethyl  and  oxide  of  methyl.     (Mulder,  Mitscherlich.) 

Bromobenzoic  acid,  2HO  +  C28H9Br08  5   a  bibasic  add,  dis- 
covered by  Peligot,  and  formed  by  the  action  of  4  atoms  of 
bromine  upon  2  atoms  of  benzoate  of  silver : 
Ca8Hio08+2Ag  and  4Br=C28H9BrOg  and  2AgBr  and  HBr. 


BENZOLE. 

When  broinobenzoic  arid  is  precipitated  frcnn  ita  iaha  bj  4 
strong  acid,  the  latter  assumes  the  two  atoms  of  vater  of  tke 
broiDobenzoic  acid,  which  is  thrown  down  anhjrdroaa^  Hht 
bromobenzoates  are  in  general  ciystallisable  salts,  that  of 
peroxide  of  iron  is  insoluble,  and  has  the  propertiea  and  ■ 
ancc  of  the  benzoate  of  iron. 

BENZOLE, 

8jn,  Benzin^  benzene^  phene.    Formula  Cj 2 H^j. 

This  compound,  which  is  named  benzole  by  Liebig,  Ar 
termination  o/e  being  assigned  to  hydrocarbons,  was  originally 
obtained  by  Mr.  Faraday  from  the  condensed  liquid  of  coca- 
pressed  oil  gas  and  described  under  the  name  of  bicarburtt  d 
hydrogen;  more  lately  Mitscherhch  found  that  it  was  the 
principal  product  formed  on  distilling  benzoic  acid  with  hydntc 
of  lime,  and  named  it  benzin*  By  the  abstraction  of  tie 
elements  of  2  atoms  of  carbonic  acid  from  1  atoiu  of  crystaBittd 
benzoic  acid : 

Benzole  is  prepared  by  distilling  \  part  of  cryst,illij:eci  UiM^JiC 
acid  with  3  parts  of  hydrate  of  lime  j  rectifying  tX^c  uiiy  prtjiiuct 
by  a  second  distillation  with  water»  or  better  from  qoiddime. 
It  is  a  limpid  colourless  liquid,  of  a  peculiar  ethereal  odoui 
which  is  agreeable;  its  density  is  0.^5;  it  boils  at  l#^i 
(86^  centig.) ;  the  density  of  its  vapour  is  23^8^  its  oooibining 
measure  4  volumes ;  at  32**  it  becomes  a  crystalline  oiasSy  wbid 
becomes  liquid  at  44^6  (7''  cendg.)  Benzole^  is  iiiflolalik  m 
water,  soluble  in  alcohol  and  ether.  It  is  noi  deeompoaed  by 
any  hydrated  acid. 

Sulphobenzide^  Ci^U^SO^  (Mitscherlich).  Benzole  lib 
naphtaline  affords  several  products  when  deconposed  Iff 
acids.  When  exposed  to  the  vapour  of  anhydrous  sutfilmrie 
acid  it  forms  a  viscid  Uquid,  which  dissolves  entirely  in  a  smiB 
quantity  of  water ;  on  adding  a  larger  quantity  of  water,  vir 
pbobenzide  falls  as  a  precipitate,  which,  dissolved  in  elbeft  p^^ 
sulphobenzide  crj^stallized,  by  evaporation.  SulpbobensMk  i 
a  colourless  substance,  perfectly  neutral ;  il  fuMi  al  2I^t  bol» 
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at  a  higher  temperatare  and  sublimes  unchanged.  In  the  for- 
mation of  this  substance  1  atom  of  anhydrous  sulphuric  acid 
and  1  atom  of  benzole  abandon  1  atom  of  water : 

Cj^He  and  S03=Ci3HfiS02  and  HO. 

Bypo$tdphobenzidic  acid,  sulphobenzimc  acidy  bemo9ulphuric 
mdd,  HO,  C12H5S2O5 ;  this  acid  remains  in  the  liquid  which 
deposits  sulphobenzide.  It  is  also  produced  on  dissolving  ben- 
aole  in  oil  of  yitriol,  or  in  fuming  sulphuric  acid.  It  is  a  very 
acid  liquid,  which  crystallizes,  and  resists  a  temperature  of 
892*.  It  may  be  viewed  as  a  compound  of  sulphobenzin  with 
lijdrated  sulphuric  acid.  Hypoaulphobenzidate  of  copper  forms 
laige  regular  crystals.  (Mitscherlich). 

NUrobenzide^  C12H5NO4,  a  liquid  compound  obtained  by 
dbiiolying  benzole  to  saturation  in  hot  concentrated  nitric  acid ; 
on  diluting  the  acid  with  water  and  allowing  it  to  cool,  the 
liquid  separates  and  subsides  to  the  bottom.  At  59®  nitroben- 
idde  b  yellow^  has  a  sweet  taste  and  the  odour  of  cinnamon. 
Its  density  is  1.209,  that  of  its  vapour  4294 ;  it  boils  at  433.'4 
^SS""  centig.),  crystallizes  in  needles  at  37'.4  (3**  centig.).  It 
il  insoluble  in  water,  soluble  in  alcohol  and  ether;  dilute 
WoAa  also  dissolve  it;  alkalies  do  not  decompose  it.  (Mit- 
Iriherlich). 

Axobenzidey  C12H5N,  a  volatile,  red,  crystalline  substance, 
cAilained  on  distilling  an  alcoholic  solution  of  nitrobenzide 
Wiih  dry  hydrate  of  potash.  It  is  fusible  at  149'',  and  boils  at 
i79*.4  (193®  cientig.). 

Chloride  of  benzole^  Cj^HgClg,  a  crystalline  substance,  ob- 
tained on  exposing  benzole  to  chlorine  gas,  in  sunshine;  6 
atoms  of  chlorine  unite  with  the  benzole  without  displacing  any 
liydrogen.  (Mitscherlich). 

fihlorobenzide,  C12H3CI3,  an  oily  liquid,  obtained  by  distilling 
Aloride  of  benzole  from  hydrate  of  lime.  It  boils  at  410",  its 
dantity  is  1.15/^  that  of  its  vapour  637(^ 

Bromine  forms  analogous  compounds  with  benzole. 

Benzoney  C13H5O,  one  of  the  liquid  products  of  the  distilla* 
tion  of  crystallized  benzoate  of  lime : 
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1  at.  of  benzone  -  . 
1  at,  of  carbonic  acid 
1  at  of  lime      -     •     . 


c      o. 


CaO. 


1  at*  of  benzoate  of  lime     Cj4H^  O^H-CaO. 

The  crude  product  of  the  distillation  contains  also  bet 
,  and  naphtaline,  of  the  first  of  which  it  is  divested  by  heatii 
on  a  water-bath,  and  keeping  it  for  a  sufficient  time  at  3^2% 
and  of  the  second  by  exposing  the  liquid  thus  obtained  to  i 
cold  of  —4%  when  naphtaline  separates.  Benzone  is  oily  and 
Tiscid ;  not  altered  by  nitric  acid  and  hydrate  of  potash,  bol 
decomposed  by  chlorine  and  sulphuric  acid,  (Peligot), 

PRODUCTS  OF  THE  DECOMPOSITION  OF  HYDRUHET   OF  BEN: 

Hydrobmzamidey  C^^^^^  or  Cj^HgNi-  Hydruret  of  ben- 
zoyl is  acted  upon  when  mixed  with  twenty  times  its  volunu 
of  a  concentrated  solution  of  ammonia  in  a  vessel  hermetically 
sealed,  and  kept  for  several  hours  at  a  temperature  of  104*10 
122**  (40  to  50**  centig.)*  A  crystalline  mass  of  hydrobenunndii 
is  formed,  which  may  be  purified  from  the  oil  by  washing  wilk 
cold  ether,  in  which  hydrohenzamide  is  insoluble,  disaolviof 
the  residue  in  alcohol,  and  evaporating  at  the  usual  temperitQi«) 
when  hydrohenzamide  is  obtained  in  regular  crystals.  Thty 
are  colourless  octohedrons  or  rhomboidal  prisms,  which  enter 
into  fusion  at  230**,  and  are  decomposed  by  dry  distilhM 
leaving  a  residue  of  charcoal.  The  alcoholic  solution  is  con* 
Terted  by  boiling  into  ammonia  and  hydruret  of  benzoyl.  Thii 
substance  is  formed  by  the  abstraction  of  the  dementi  rf  C 
atoms  of  water  from  3  atoms  of  hydruret  of  benzoyl  and  C  atumt 
of  ammonia  (Laurent)  : 

3  (Ci^HjjOj)  and  2NH3=C42HigN^and  6HO. 

The  whole  oxygen  of  the  oil  and  whole  hydrogen  of  tha 
ammonia  separate  as  water ;  the  formation  of  this  substance  t% 
therefore,  different  from  that  of  an  ordinary  aniide.  It  i«» 
indeed, 'simply  a  hydruret  of  benzoyl^  in  which  the  2  atoms  of 
oxygen  are  replaced  by  Nl. 
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Benzhydramidey  a  crystalline  substance,  isomeric  with  hydro- 
benzamide.  Azobenzoilej  C42H15N2,  or  Ci4H5Nf ;  a  white  crys- 
talline powder,  soluble  in  alcohol.  Benzoilic  azotide^  C14H5N, 
m  white,  insipid,  crystalline  powder,  insoluble  in  boiling  alcohol. 
These  three  bodies  were  derived  by  Laurent  from  a  yellow 
leadnous  mass,  which  is  formed  by  the  action  of  solution  of 
ammonia,  upon  the  crude  essence  of  bitter  almonds  of  com- 
nicjce. 

'  Hydruret  of  stUphobenzoyly  C14H5S2  +  HJ  a  body  represent- 
ing the  hydruret  of  benzoyl,  of  which  the  2  atoms  of  oxygen  of 
|lie  benzoyl  are  replaced  by  2  atoms  of  sulphur.  M.  Laurent 
luls  generally  succeeded  in  preparing  this  compound  by  dis- 
aolTing  1  volume  of  the  crude  essence  of  bitter  dmonds  in  8  or 
10  volumes  of  alcohol,  and  then  adding  gradually  1  volume  of 
mlphuret  of  ammonium.  The  liquor  becomes  turbid  in  a  few 
iqinutes,  and  allows  a  white  powder  to  fall,  similar  to  farina. 
Py  throwing  this  on  a  filter,  and  washing  it  several  times  with 
ioiUng  alcohol,  the  hydruret  of  sulphobenzoyl  is  usually  ob- 
teined  pure.  It  is  white,  pulverulent,  and  composed  of  small 
Kmnded  grains,  like  those  of  starch,  without  a  trace  of  crys- 
tellization.  Although  apparently  inodorous,  it  communicates  a 
Ughly  disagreeable  odour  to  the  hands.  It  is  insoluble  in  water 
ind  alcohol  slightly  soluble  in  ether.  It  is  slowly  decomposed 
bjr  an  alcoholic  solution  of  potash.* 

Hydruret  of  sulphazobenzoyl^  a  crystalline  compound,  formed 
\gj  dissolving  essence  of  bitter  almonds  in  4  or  5  volumes  of 
eUier,  adding  to  it  1  volume  of  sulphuret  of  ammonium,  and 
kwing  the  whole  for  fifteen  days  or  a  month.  It  forms  a 
vlute  crystalline  crust,  which  it  is  necessary  to  dissolve  and 
crystallize  from  ether  to  purify  it.  Its  analysis  represents  a 
eomgpund  of  6  atoms  of  hydruret  of  sulphobenzoyl  with  I  atom 
of  hydrobenzamide : 

6  (C„H5S,+H)  +C„H,8Nr 

Other  views  may  be  taken  of  the  constitution  of  this  sub- 
stance.     On  the  theory  upon  which  it  is  named  by  Laurent,  it 

*  Sor  de  NouTelles  combinaisoDB  benzoTliques  azoUes  et  sulphur^'s ;  p«r  VL 
Ltanrent. — ^Annales  de  Cbimie,  &c.  3tiie  S^rie,  tome  1,  p.  292. 
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doroas,  tasteless,  fuses  between  194  and  197"  (90  and  92"  cent.)* 
May  be  distilled,  or  dissolved  in  concentrated  sulphuric  acid 
irithout  change.  The  aqueous  solution  of  potash  has  no  effect 
upon  it,  but  the  alcoholic  solution  converts  it  into  benzilic  acid 
(Laurent). 

Benzilic  acid,  HO-hC2sHii05  ;  may  be  separated  from  benzi- 
hte  of  potash  by  an  excess  of  hydrochloric  acid.  The  acid 
crystallizes  on  cooling,  in  colourless  rhombohedrons,  of  high 
lustre^  or  in  long  prismatic  needles.  It  fuses  at  248"^  and  is 
decomposed  at  a  higher  temperature,  giving  a  sublimate  of  ben- 
loic  add,  accompanied  by  violet  vapours,  and  a  residue  of 
eaibon.  It  forms  a  lively  crimson  solution  in  cold  oil  of  vitriol. 
Benzilic  acid  contains  the  elements  of  2  atoms  of  benzile  and 
S  atoms  of  water,  one  of  which  remains  basic  to  the  acid,  and  is 
mpiBoed  in  the  benzilates  by  a  metallic  oxide.  Benzilate  of 
poioih  forms  large  limpid  crystals,  soluble  in  water  and  alco- 
hoL  (Liebig). 

AzobenzotdCy  C^2^i^^^2rl  ^  white  pulverulent  substance, 
deacribed  by  Laurent,  but  of  which  the  composition  is  rather 
dmibtful. 

.  Cj/onobenziley  a  substance  which  is  deposited  in  transparent, 
infthuninous  crystals,  when  to  an  alcoholic  solution  of  benzile, 
one  third  of  its  bulk  of  very  concentrated  hydrocyanic  acid  b 
added^  and  the  whole  gently  heated.  (Von  Zinin). 

SYNAPTASE.     ' 

The  white  of  both  sweet  and  bitter  almonds  consists,  in  a 
great  measure,  of  a  peculiar  matter,  very  soluble  in  water,  which 
ipaa  named  sjrnaptase  by  M.  Kobiquet.  To  prepare  it,  he 
directed  sweet  almonds,  from  which  all  the  fat  oil  has  been 
aoqpressed,  to  be  mixed  intimately  with  twice  their  weight  of 
mter,  allowed  to  macerate  thus  for  two  hours,  and  then  to  be 
aobmitted  to  pressure,  which  is  uniformly  increased.  The  fil- 
tered liquid  contains  vegetable  albumen,  which  is  thrown  down 
Vjr  acetic  acid,  and  gum,  which  is  precipitated  by  acetate  of 
lead.  A  liquid  remains,  which  contains  some  free  acetic  add, 
acetate  of  lead,  sugar  and  synaptase  ;  the  lead  is  thrown  down 
by  sulphuretted  hydrogen,  and  the  synaptase  by  alcohol,  while 
tiie  free  acid  and  sugar  remain  in  solution.     The  precipitated 
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synaptase  is  washed  with  alcohol^  and  dried  in  racao  otct  sul- 
phuric add. 

Dry  synaptase  is  described  as  a  yellowish  white,  opaqof^ 
homy  mass,  hard  and  friable  ;  very  soluble  in  cold  water.  In  a 
fresh  solution,  iodine  produces  a  deep  rose  colour,  without  mf 
precipitate.  The  solution  of  synaptase  does  not  keep»  but 
becomes  turbid  from  the  formation  of  a  white  predpttate,  \ 
acquires  a  mouldy  odour-  It  is  precipitated  from  solation 
alcohol,  in  flocks,  which  redissolve  in  an  excess  of 
Acids  do  not  produce  a  precipitate  in  its  solution;  at  14(rit 
coagulates  like  albumen.  It  contains  azote,  and  produces 
nionia  and  a  new  acid  in  boiling  solutions  of  the  alkalies. 
composition  of  synaptase  has  not  been  determined* 

A  matter  which,  if  a  pure  substance,  is  probably  the  i 
was  obtained  by  Liebig  and  Wtehler,  and  named 
by  treating  an  emulsion  of  sweet  almonds  with  ether,  to  take  op 
all  the  fat  oil,  and  then  precipitating  the  transparent,  ayrupf 
liquid  which  remained,  by  alcohol,  a  white  matter  was  abim. 
dandy  thrown  down,  which  formed,  when  dry,  a  honiy, 
transparent  mass.  This  substance  gives  much  ammonia  ' 
boiled  ^^-ith  ei  solutioti  of  barytes  or  a  caustic  alkali.  There  are 
no  means  of  determining  the  atomic  composition  of  emaUat 
but  the  following  are  the  results  of  two  analyses  of  it  by  Dr. 
R.  D,  Thomson  and  Mr.  Richardson  : 


Carbon        .     . 

.       49.025 

48.555 

Hydrogen    .     . 

7788 

7.677 

Oxygen        .     . 

.       24.277 

25.026 

Nitrogen     .    . 

18.910 

18.742 

100.000       100.000 

The  reaction  which  occurs  when  synaptase  and  tlie  annygdiiEi 
of  bitter  almonds  meet  each  other  in  solution  is  very  remark»b)^ 
and  a  knowledge  of  it  necessary  to  enable  us  to  form  a  oonoeptm 
of  the  phenomena  of  the  distillation  of  the  bitter  almond.  I  ali*ll 
state  here  the  latest  view  of  it  which  has  been  taken  by  M. 
Liebig,  On  mixing  a  solution  of  10  part^  of  amygdalin  in  U^ 
parts  of  water,  with  a  solution  of  I  part  of  synajitase  in  \^ 
parts  of  water,  a  particular  decomposition  irooiedialely  takei 
place;    the   mixture  becomes   opalescent  without    losing    its 
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transparency ;  acquires  the  odour  of  bitter  almond39  and  gives 
4n  distillation  hydrocyanic  acid*  and  hydruret  of  benzoyl  with 
-  tbf  vapour  of  water.     The  residue  is  rendered  turbid  by  coagu- 
plated  synaptase,  and  on  continuing  the  evaporation,  a  very 
^jl^lfeot  liquid  is  obtained,  which  contains  crystallizable  sugar. 
f^^AJlier  destroying  the  sugar  by  fermentation,  a  fixed  acid  remaios 
..^k  the  residue.     The  quantity  of  sugar  obtained  is  more  con- 
^P)4Bnibl^  ^^^  ^h^^  ^h^  elements  of  the  amygdalin  could  pro- 
fdocae;  it  would  appear,  therefore,  that  the  elements  of  the 
.  qniaptase  contribute  to  its  formation.     The  decomposition  is 
jiqft  complete  unless  the  amygdalin  and  synaptase  are  dissolved 
in  a  proper  quantity  of  water ;-  if  it  is  insufficient  to  dissolve  the 
liydnuret  of  benzoyl  liberated,  a  corresponding  quantity  of  amyg- 
dalin remains  undecomposed.  (lVait<^,  p.  2/6). 

^e  constituents  of  the  bitter  almond  are  the  fixed  oil,  which 
,]s  separated  by  expression,  and  the  synaptase  and  amygdalin, 
ihe  two  last  in  such  a  condition  that  they  cannot  re-act  upon 
each  other.  When  the  almond  cake  is  treated  with  boiling 
alcohol,  the  amygdalin  is  dissolved  out,  and  the  synaptase  coa- 
gulated. When  the  cake  is  moistened  with  water,  the  odour  of 
hydrocyanic  acid,  and  of  the  essence  are  immediately  perceived, 
bat  the  cake  must  be  diffused  through  a  certain  quantity  of 
water,  in  order  that  the  mutual  action  of  the  synaptase  and 
amygdalin  may  be  complete,  and  that  the  whole  of  the  last  may 
disappear.  In  preparing  the  distilled  water  of  bitter  almonds 
of  pharmacy,  M.  Liebig  recommends  that  a  mixture  of  1  part  of 
the  cake  and  20  parts  of  luke-warm  water  be  made,  and  left  to 
itself  for  twenty-four  hours  before  submitting  it  to  distil- 
lation. 

One  atom  of  amygdalin  contains  the  elements  of  (Liebig) : 

1  equiv.  of  hydrocyanic  acid     . 

2  equiv.  of  hydruret  of  benzoyl 
4  equiv.  of  sugar C5 

\ '           2  equiv.  of  formic  acid     .     .     . 
7  equiv.  of  water 

I  equiv.  of  amygdalin     .     .     • 

One  hundred  parts  of  amygdalin  are  said  to  yield  47  parts  of 
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the  crude  essence  of  bitter  almondsj  and  these  47  parts  to  ' 
tain  5.9  parts  of  free  hydrocyanic  acid.  The  last  add  »  ofiC 
indicated  by  nitrate  of  silver  added  to  a  solutioa  of  the  cradt 
essence  in  water,  owing  to  the  presence  of  the  oil ;  to  obtain  t 
precipitate  of  cyanide  of  silver,  ammonia-nitrate  of  aUrer  onat 
be  used,  and  the  ammonia  saturated  with  nitric  add,  after  die 
lapse  of  some  time. 

Laurtl-water  is  prepared  by  distiUing  with  water  9  patta 
of  fresh  leaves  of  the  pranus  lanrocerasus,  of  wbich  tlie  thm 
first  portions  are  received ;  the  product  contains  the  auna 
elements  as  the  water  of  bitter  almonds*  The  leaves  oontua 
amygdalin  and  another  substance,  which  appears  to  act  opoa  il 
when  distilled  with  water,  in  a  manner  aaalogoua  to  ayttf^ 
tase. 


CHAPTER    V. 


ESSENCE  OF  CINNAMON  AND  BODIES  DERIVED  rROM  IF. 


Cl^KAMYL  SERIES  OF  COMPOUNDS. 


CmnGmtjl,  Ci^H.O^^Ci;  the  hypothetical  radical  of  tliecK 
sence  of  cinnamon  and  of  cinnamic  acid, 

E]f9eHC€  or  oil  qf  cinnamon.^ hccotikw^  to  the  recent  deter* 
minations  of  M.  Mulder,  C^oHnO  is  the  formula  fur  oil  of 
donamon  derived  from  the  cinnamon  of  Ceylon,  of  Java  mil 
China,  and  of  the  flowers  or  bark  of  the  caaaia-tree.  Tbis 
easence  absorbs  oxygen  from  the  air,  and  fonns  cinnamic  add, 
two  diflereut  resins  and  a  new  oil  CjgH^Oy  which  appears  to  be 
the  substance  examined,  and  considered  as  oil  of  cinnamon  bj 
MM.  Dumas  and  PeligoL  The  two  resins  have  the  compo- 
aition  C3«,H^50^and  C^H^^^O^. 

This  oil  is  obtained  by  distilling  with  water  the  bark  ckf  tk 
Laurm  dmkmmneum^  or  the  flowers  and  bark  of  the  casaia*    k 
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18  yellow,  becoming  brown  in  air,  with  the  odour  of  cinnamon, 
and  a  sweet  and  burning  taste,  its  density  1.008  at  77%  boiUng 
point  428® ;  it  becomes  solid  at  2.)''.  It  is  slightly  soluble  in 
water,  and  the  solution  produces  with  iodine  and  iodide  of 
potassium,  reddish  brown  crystals,  of  a  metallic  lustre,  contain- 
ing, according  to  Dr.  Apjohn,  KI  +  6  (Cili,  I).  The  oil 
diBSolves  completely  in  potash,  and  affords  on  distillation  an 
oilj  lighter  than  water  C^qH^qO^^  while  the  residue  contains 
cannamate  of  potash,  and  a  black  matter  (Mulder).  The  bleach- 
ing chlorides  convert  essence  of  cinnamon  into  benzoic  acid. 

Cinnamic  acid,  HO  +  CigH703=HO  +  CiO.  This  acid  is 
formed  by  the  oxidation  of  the  essence  of  cinnamon  in  air,  or  by 
dissolving  the  oil  of  the  balsam  of  Peru  in  an  alcoholic  solution 
of  potash,  evaporating  to  dryness,  dissolving  the  residue  of 
cinnamate  of  potash  in  boiling  water,  and  liberating  the  cinna- 
mic acid  by  an  excess  of  hydrochloric  acid.  The  cinnamic  acid 
crystallizes  on  cooling  in  tufts  of  crystals,  which  are  colourless, 
and  have  an  aromatic  and  very  acrid  taste.  The  crystals  fuse 
at  264".2  (129"  centig.)  enter  into  ebullition  at  554%  and  distil 
over  as  a  heavy  oil,  which  fixes  on  cooling ;  they  sublime  at  a 
lower  temperature.  Cinnamic  acid  is  less  soluble,  both  in  cold 
and  hot  water,  than  benzoic  acid,  which  it  considerably  resem- 
bles ;  very  soluble  in  alcohol  and  ether ;  from  alcohol  it  crystiil- 
lises  in  large  rhomboidal  prisms,  which  are  hard  and  very 
friable.  It  may  be  distinguished  from  benzoic  acid  by  nitric 
acid,  which  converts  it  into  hydruret  of  benzoyl  and  nitro- 
cinnamic  acid ;  cinnamic  acid  also  docs  not  combine  with  sul< 
phuric  acid  as  benzoic  acid  does.  The  salts  of  cinnamic  acid 
are  monobasic,  and  have  a  great  analogy  to  the  benzoates.  (Du- 
mas and  Peligot,  Mulder). 

Nitro-cinnamic  acidy  liO  +  CigllgOa,  NO4  ;  produced  by  the 
abstraction  of  HO  from  the  elements  of  cinnamic  acid  and  nitric 
acid.  This  acid  is  prepared  by  adding  cinnamic  acid  in  powder 
to  strong  nitric  acid,  preventing  the  temperature  from  rising 
above  140''.  The  cinnamic  acid  is  at  first  dissolved;  the 
mixture  soon  becomes  hot,  and  a  crystalline  substance  sepa- 
rates; the  latter  is  washed  with  water,  dissolved  and  crys- 
tallized from  alcohol.  Nitrocinnamic  acid  is  white  with  a  shade 
of  yellow,  fuses  at  518"*;  heated  above  that  temperature,  it 
boils  and   is  decomposed.     This  acid  is  almost  insoluble  in 
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boiling  water;  it  is  also  but  sparingly  soloble  in  alcohd| 
requiring  327  parts  of  alcohol  to  dissolve  it  &t  68**,  while  cinoft- 
mic  acid  is  soluble  in  4^2  parts,  benzoic  acid  in  1,9G,  mod 
jiitrobenzoic  acid  in  somewhat  less  than  its  own  weight. 

The  alkaline  niirodnnamaies  dissolve  easily  in  water;   the 
other  salts  are  either  soluble  with  difficulty  or  entirely  insolul 
they  explode  when  heated.     The  ether  of  this  acid  is  fun 
by  heating  the  latter  with  20  parts  of  alcohol  and  a  little  9iil> 
phuric  acid  for  several  hours,  at  a  temperature  not  ex« 
I'JG^,     The  acid  is  dissolved,  and  the  liquid  on  cooling  dei 
the  nitrocinnamate  of  oxide  of  ethyl  in  prismatic  crystals.    Thin 
ether  melts   at  27(i^8    (136**  centig,),  and   boils  at  5 7 2*  bat  is 
then  partly  decomposed  ;  it  is  not  decomposed  by  ammonia. 

When  more  than  1  part  of  cinnamic  acid  is  added  to  8  parti 
of  nitric  acid,  the  temperature  rises  above  140",  and  uitro* 
benzoic  acid  is  formed,  with  another  acid  not  yet  examiimi* 
(Mitscherlich,) 

Ilt/drurei  of  cinnamyij  Ci3ng02=HCi ;  an  oily  liquid  ub- 
tained  on  adding  water  to  the  nitrate  of  hydruret  of  cinnamylj 
tliscovered  by  Dumas  and  Pcligot. 

Nit  rate  of  hydrtirtt  of  cinnamylj  CjgllgOa-f  HO^NOg;  ^J 
compound  formed  on  treating  the  essence  of  cinnamon  of  Chid^| 
with  concentrated  and  colourless  nitric  acid.  The  crystals  tint 
obtained  are  purified  by  pressure  in  paper,  and  afterwards 
crystallized  from  alcohol ;  it  forms  long  oblique  rhomboiihl 
prisms,  )jerfectly  pure  and  colourless.  This  compoimd  soao 
alters  by  keeping,  disengaging  nitrous  acid  and  the  hydruret  of 
benzoyl ;  this  decomposition  is  hastened  by  heating  the  csooi^ 
pound  slightly.  ^H 

Chtaroemnose,  Cmll^Cl^O^,^ — This  name  is  given  by  DutsJ^ 
and  Peligot  to  a  chlorinated  product  of  the  essence  of  cinnamon* 
It  is  a  volatile  solid  compound,  erystaUine  and  colourless  at  the 
usual  temperature,  %vhich  enters  into  fusion  at  a  muderate  betf 
and  sublimes  without  residue.  It  is  neither  altered  by  oancxii* 
t rated  sulphuric  acid  nor  by  gaseous  ammonia* 

Oil  of  the  bakam  of  Peru. — ^This  oil  is  obtained  by 
2  volumes  of  the  balsam  with  3  volumes  of  a  solution  of 
potash   of  density    1,3,   and    floats    over  a    dark  watery  fltrid 
(StoUz  and   VVernlier).     It  is  purified  by  distillation.     This  oil 
is  termed  cinnameiae  by  M,   Freray-     When  boiled    with  m 
alkali  it  is  transformed  into  cinnamic  acid,  and  an  iadiffcfeat 
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substance  to  which  Fremy  has  applied  the  name  peruvine.  This 
last  is  an  oily  coloarless  hquid  lighter  than  water  ;  its  composi- 
tion is  expressed  by  CjgHjjOa.  Freray  finds  the  balsam  of 
Ihlu  to  contain  the  same  bodies  as  the  balsam  of  Peru.  Ac- 
eording  to  Richter  the  balsam  of  Peru  contains  two  different 
wis,  one  of  which  is  soluble  in  alcohol  of  7^  per  cent  and  is 
called  by  him  myriosperminey  the  other  oil  which  is  insoluble  he 
\  myrowiUne.  On  treating  the  first  with  an  alcoholic  solu- 
of  potash,  an  acid  is  formed  different  in  its  capacity  of 
saturation,  according  to  Richter,  from  cinnamic  acid,  and  which 
lie  names  myriospermic  acid.  Its  atomic  weight  deduced  frooi 
the  salt  of  silver  is  1553.85. 


CHAPTER    VI. 

SAUCIN  AND  BODIES  OBTAINED  FROM  ITS  DECOMPOSITIONS 

SECTION  I. 

SAUCIN. 

Formula:    C^<^\l^O^=C^rfl^O^f^-\-6Yi0}  (Mulder). 

This  neutral  crystallizable  substance  was  discovered  by 
Buchner  and  Leroux  in  the  bark  of  the  Salix  helix.  It  is  con- 
tained in  the  bark  and  leaves  of  all  the  species  of  willow  which 
have  a  bitter  taste,  and  in  some  poplars.  To  prepare  saUcin 
the  fipcsh  bark  or  dry  ground  bark  is  boiled  with  water  till  a 
Strong  decoction  is  made ;  to  the  concentrated  and  boiling  decoc- 
tion oxide  of  lead  is  gradually  added  till  the  liquid  is  colourless. 
Qani^  tannin  and  all  extractive  matters  which  may  interfere  with 
the  crystallization  of  the  salicin  are  thus  carried  down  by  the 
oxide  of  lead.  The  oxide  of  lead  dissolved  is  then  removed  first 
\rf  means  of  sulphuric  acid,  and  then  by  sulphuret  of  barium. 
TTie  liquid  is  crystallized  by  evaporation  and  the  salicin  made 
perfectly  white  by  the  use  of  charcoal  and  repeated  crystalliza- 
tions.     The  sulphuret  of  lead  which  is   precipitated  in  the 
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process  also  assists  as  a  decolorising  agent.  The  barks  wbich 
contain  much  salicin  yield  it  at  once  in  crystals^  when  they  tit 
exhausted  by  cold  water  and  the  extract  evaporated  with  cau- 
tion, according  to  Merck, 

Salicin  crystallizes  in  delicate  colourless  needles  of  a  silky 
lustre,  which  have  a  bitter  taste,  and  no  action  on  vegetable 
colours.  It  is  persistent  in  air,  loses  nothing  at  212%  fuses  it 
218",  and  is  decomposed  by  a  higher  temperature*  Salicifi  h 
soluble  in  5  or  6  times  its  weight  of  co!d  water,  in  much  lev 
boiling  water,  is  very  soluble  in  alcohol,  but  insoluble  in  etbtf 
and  oil  of  turpentine.  It  dissolves  purple  red  in  concentrated 
sulphuric  acid,  a  property  by  which  it  may  be  recognised  even 
in  the  dry  bark,  the  latter  being  stained  red  by  sulphuric  arid 
when  it  contains  salicin. 

Salicin  does  not  combine  with  acids,  nor  possess  alkaline  pro- 
perties. It  is  thrown  down  by  the  aramouiacal  acetate  of  \e$d 
as  a  white  precipitate,  in  whicli  according  to  Piria  6  atoms  of 
water  belonging  to  salicin  are  replaced  by  6  atoms  of  oxide  ol 
lead;  but  according  to  Ettling,  the  quantity  of  oxide  of  leadis 
not  constant  but  increases  with  the  washings  to  which  the 
precipitate  is  submitted. 

Salireiin,  C^oIIj^O,  +  HO, — When  raised  to  the  boiling  point 
with  dilute  sulphuric  or  hydrochloric  acid,  the  solution  of  salidn 
soon  becomes  turbid,  and  allows  a  yellowish  substance  to  fall 
having  the  consistence  of  a  resin,  which  is  saltrctin.  \\}\m 
prepared  with  concentrated  acids,  the  product  wants  the  atom 
of  water  represented  in  the  formula,  or  is  anhydrous.  In  thia 
decomposition  1  atom  of  hyd rated  salicin  is  resolved  into  I  alon 
of  saUretin  and  L  atom  of  grape  sugar,  which  last  is  found  in 
solution. 

Saliretin  is  insoluble  in  water,  and  precipitated  by  that  liqtrid 
from  its  solution  in  alcohol,  in  ether  or  concentrated  acetic  acid, 
in  all  of  which  it  is  very  soluble.  It  is  not  soluble  in 
but  is  dissolved  by  the  fixed  alkalies  and  precipitated  from  ^ 
by  acids.  Saliretin  is  coloured  blood-red  by  concentrated  sul- 
phuric acid ;  by  nitric  acid  it  is  converted  into  carbazotic  acid* 
(Piria), 

Chorinated  mUcin^  chhrosalicin. — ^Two  compounds  have  been 
I  obtained  by  treating  a  solution  of  salicin   by  chlorine,  otu?  i 
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cryitaHine  yellow  powder,  C^oH^Clfi^i  produced  at  the  ordi- 
nary temperature;  the  other  formed  about  140^,  a  red  oily 
liquid.  C«H,3C1^0i3. 

RuiUm. — ^Tbb  name  is  applied  by  Braconnot  to  the  product 
of  the  decomposition  of  salidn  by  sulphuric  acid.  Alkalies 
change  its  tint  to  a  deep  purple. 

SECTION  11. 

8AL1CYL  SERIES  OF  COMPOUNDS. 

SaUcyly  C^^fi^=^VL ;  the  hypothetical  radical  of  salicylous 
acid^  salicyUc  acid  and  some  other  compounds :  equivalent  to 
benzoyl  plus  2  atoms  of  oxygen.* 

Sdicylous  acid,  spirdilhydric  acid,  H  +  C,4H504=H,Sa.  This 
substance  was  obtained  by  M.  Piria  by  distilling  salicin  with 
dilute  sulphuric  acid  and  bichromate  of  potash,  and  has  been 
shewn  by  Dumas  and  by  Ettling  to  be  tlie  principal  constituent 
of  the  oil  obtained  by  Pagenstecher  by  distilling  the  flowers  of  the 
dueen  of  the  meadow  {spinta  ubnaria),  and  which  M.  Lcewig  had 
analysed  and  described  under  the  name  of  spiroilhydric  acid. 

The  proportions  lately  recommended  by  Dr.  Ettling  for 
|>reparing  salicylous  acid  from  salicin  are : 

3    parts  of  salicin 

3    parts  of  bichromate  of  potash 

A\  parts  of  concentrated  sulphuric  acid 

36  parts  of  water. 

•  The  name  salicyl  wu  applied  by  Damu  and  Piria  to  this  hypotbetieal 
radical,  which  was  viewed  as  a  higher  degree  of  oiidation  of  bensoyl.  The  oil  of 
■plr«a  ulmaria,  or  salicylous  acid»  is  represented  as  the  hydruret  of  this  radical, 
which  also  exists  in  combination  with  potassium,  &c.,  in  the  salicylites.  Anobjec- 
tion  to  and  source  of  some  confusiou  attending  this  view  is  that  it  represents 
snUcyl  as  a  salt  radical  or  halogen  body,  combining  directly  with  metals,  and  not 
as  a  basyle,  like  benzoyl,  ethyl,  and  the  other  radicals  with  which  it  is  associated. 

M.  Liebig  points  to  an  explanation  of  the  isomerism  of  salicylous  and  benaoic 
ncida  and  their  salts,  in  the  circumstance  that  while  benzoic  acid  ia  monobaaic, 
snlicylooa  acid  may  hare  its  equtralent  multiplied  by  2  or  by  3,  and  be  a  bibaaic 
or  a  Uibasic  acid.    This  supposition,  however  is  not  supported  by  the  density 
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The  bichromate  of  polish  and  flaUcm  ve  intimatelj'  mtzcd, 
mnd  after  |ioiiniig  oirer  them  two  thirds  of  the  water,  the  whole 
beiiig  well  agitated  in  the  retort,  we  add  all  at  once  the  sal- 
^  pkitric  add  pfevioitslT  dilated  with  the  remaining  third  <^  the 
water^  and  agitate  agBuu  A  feeble  reaction  slowly 
jlaeU^  accompanied  by  a  slight  disengagement  of  gas, 
laats  about  half  an  boor  or  perhaps  three  quarters  of  an  booTt 
when  an  ovmoe  is  employed  fur  each  pait  ordered  ;  at  the  same 
tune  tbe  liquid  asanmea  an  emerald  dnt  and  beeocnea  warm.  Ai 
soon  as  that  reaction  has  ceased^  tbe  retort  is  placed  upon  tbe 
fire  and  nKideratelT  heated.  The  water  Tapoar  carri^  over  tlie 
saficrloits  acid,  which  separates  after  some  time.  It  is  purified 
fay  washing  it  with  water  and  rectifying  from  chloride  of  cakiQiB. 
FkvHB  balf  a  poand  of  salictn  Dr.  Etding  obtained  two 
oftbeoiL* 

Salicyloiis  add  is  an  culy  inflammable  liquid^  colonrless 
abgfatiy  yeUoWy  baring  a  burning  taste,  and  agreeable  ai^onia^ 
odour;  of  density  1.1 731^  becoming  solid  at  — t*  (LoBWig); 
boils  at  SSS\J  (196*3  centig.)  when  piepared  fmoi 
(Kria),  while  tbe  oil  from  the  flowers  of  tbe  Spiraea  boils 
3S0*.6  (182*  centig.}^  according  to  Ettling.  Tbe  denaty  of  iU 
Tspoor  is  by  ofasenratioa  4276 ;  by  calculation  42mj  or  the 
same  as  that  of  benxoic  acid.  It  dissotres  easily  in  water,  and 
may  be  mixed  with  alcohol  and  ether  in  all  proportions ;  iti 
solution  in  water  reddens  tincture  of  iitmusy  and  discoloars  il 
after  the  lapse  of  some  time.  It  is  decomposed  by  salphnie 
acid ;  also  by  chlorine;,  one  atom  of  hydrochloric  acid  being 
formed  and  eUminated^  and  one  atom  of  chlorine  substituted  far 
the  hydrogen,  as  usoaU  When  heated  with  an  exc^a  ef 
hydrate  of  potash,  sabcyloiis  add  is  concerted  into  salicylate  of 
potash,  with  an  escape  of  hydrogen  gas.  Potassium  alao  wImb 
slightly  heated  in  it,  gires  the  same  products. 

SalicjioQS  add  is  recognised  by  produdng  a  violet  colo^ar  wiA 
salts  of  peroxide  of  iron,  which  disappears  after  some  time.  la 
tbe  MtSeifUte^f  the  atom  of  hydrogen  of  the  formula  of  saUcyloas 
acid  ts  replaced  bj*  a  metal.    The  salts  of  tbe  fixed 
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and  ammonia  are  described  as  soluble  and  possessing  an  alkaline 
icaction,  all  the  others  as  insoluble ;  most  of  them  as  yellow 
and  containing  water  of  crystallization.  The  salts  of  lead  and 
copper  are  anhydrous.  The  neutral  salt  of  soda  contains  2  atoms 
of  water  which  it  loses  at  248%  the  9sXt  of  barytes  contains  2 
atoms  of  water.  They  are  all  decomposed  by  strong  acids,  and 
aaHcylous  add  set  at  liberty.  Dr.  Ettling  describes  an  acid  salt  or 
Usalicylite  of  potash  having  the  same  composition  as  the  biben- 
■oate  of  potash ;  also  a  corresponding  salt  of  soda,  both  of 
which  form  colourless  acicular  crystals. 

SaHcylimidej  salhydramide  C^jHjgOgN^.  This  body  is  pre- 
pared by  dissolving  salicylous  acid  in  three  or  four  times  its 
Tolome  of  cold  alcohol,  and  adding  a  quantity  of  aqueous  solu- 
iion  of  ammonia,  equal  to  that  of  the  salicylous  acid  employed. 
Yellowish  white  needles  are  immediately  produced,  and  the 
liquid  soon  becomes  a  solid  mass.  By  a  gentle  heat  the  whole 
.18  re-dissolved  and  crystals  of  salicylimide  are  deposited  on  cool- 
ing. This  body  is  insoluble  in  water ;  it  is  soluble  in  50  parts 
of  boiling  alcohol,  but  very  slightly  soluble  in  cold  alcohol ;  its 
•olation  has  a  strong  alkaline  reaction.  Solutions  of  alkalies 
and  acids  act  upon  salicylimide,  with  the  aid  of  heat,  as  they  do 
upon  amides,  reviving  the  ammonia  and  acid. 

In  the  formation  of  this  compound  3  atoms  of  salicylous 
aind  unite  with  2  atoms  of  ammonia,  while  6  atoms  of  water 
containing  all  the  hydrogen  of  the  ammonia  are  abandoned ; 
%  atoms  of  nitrogen  are  thus  substituted  for  6  atoms  of  oxygen, 
in  the  formation  of  salicylimide.     It  may  be  represented  as 

SHOh-C43Hi5^^  or  dividing  by  three: 

HOH-C,,H,g^ 

Salhydramidide  of  copper,  Ci^HgNOgCu;  or  H,Ci4H5NO 
-fCuO.  This  remarkable  compound  is  represented  in  the 
last  formula  as  a  saUcylous  acid,  in  which  3  atoms  of 
oxygen  of  the  salicyl  are  replaced  by  1  atom  of  nitrogen, 
and  this  is  combined  with  1  atom  of  oxide  of  copper.  It 
is  obtained  in  a  state  of  purity  on  mixing  a  solution  of  salhy- 
dramide, the  preceding  compound,  very  dilute  and  slightly 
cooled,  with  the  ammoniacal  acetate  of  copper.     The  liquid 
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immediately  assumes  an  emerald  green  colour,  and  soon 
Tenr  brilliant  plates  of  the  same  colour  while  at  tbe  same  tiaiQ 
the  liquid  becomes  colourlesa*  When  this  salt  is  heated  witlt 
concentrated  acids,  it  gives  a  salt  of  copper  and  an  ammoniacd 
salt,  while  the  hydrated  salicylous  acid  is  set  at  liberty.  Pdtash 
ley  does  not  decompose  this  salt  except  imperfectly ;  ttUpha^ 
retted  hydrogen  not  more  completely,  even  after  cme  or 
hours*  action.  If,  however^  it  has  first  been  made  to  boil 
an  acid,  the  decomposition  by  sulphuretted  hydrogen  ia 
stantaneous. 

Salhpdramidide  of  iron,  3  (HjCi^HsNO)  -f  Fe^O^  ThU  com 
pound,  which  Dr.  Ettling  succeeded  in  formings  is  analogooi 
in  composition  to  the  copper  compound.  It  precipitates  ta  vod 
flocks,  which  gradually  acquire  some  lustre,  becoming  gianiikr. 
Hydrochloric  acid  does  not  alter  it  in  the  cold,  but  when  die 
acid  is  pretty  concentrated  and  assisted  with  heat  the  compound 
is  dissolved  and  salicylous  acid  separated. 

Salhydramidide  of  lea/L  There  appear  to  be  two  campaQiidi 
of  saUiydramide  with  oxide  of  lead^  but  they  haire  not  btm 
obtained  in  a  state  of  purity. 

Meianic  acid  (anhydrous),  Cj^jH^Og.  Snlicylite  of  polii^ 
exposed  in  a  humid  state  to  air  absorbs  oxygen  and  undleipMi 
decomposition,  becoming  first  green  and  then  black.  The  aoij 
products  are  acetate  of  potash  and  an  insoluble  black  powder 
resembling  lampblack,  which  PLria  terms  melanlc  acid-  'Tim 
acid  contains  no  water  of  combination  ;  it  is  soluble  in  iloobot 
and  ether,  and  very  soluble  in  alkalies* 

Sanq/lic  acid,  HO  +  €1411505=  HO,SaO.  This  acidispfvh 
duce4  by  heating  salicylous  acid  with  an  excess  of  dry  bydiatc 
of  potash^  till  the  brown  mass  becomes  white,  which  is  attoiM 
with  the  escape  of  hydrogen  gas.  Tlie  aahcyUc  acid  is  KtMrsted 
by  adding  an  excess  of  hydrochloric  acid,  and  is  purified  by 
repeated  crystallizations.  This  acid  crystallizes  both  firoiii  toln* 
tion  and  sublimation  very  much  like  benzoic  acid.  It  txmf  Iw 
volatilised  without  decomposition.  It  b  sparingly  soluhie  ift 
cold  water,  very  soluble  in  hot  water  and  in  aJcohoL  It  redcknf 
▼egetable  colours  and  decomposes  the  alkaline  carbomtet* 
Saliejflate  of  silver  is  an  insoluble  white  prmpitale,  anhydiwifr 
(Kria). 

Chhrosalicylie  add,  chhrule  of  galiqfl,  cMoride  iff 


PHLORIDZIN.  875 

Oi4H504,Cl.  This  compound  is  formed  by  passing  a  current 
of  dry  chlorine  through  dry  salicylous  acid.  It  crystallizes  in 
jollowish  oblique  rhomboidal  tables  of  a  pearly  lustre  and 
pMoliar  aromatic  odour.  It  fuses  and  sublimes  unaltered.  It 
•ombines  directly  with  the  alkalies,  and  is  precipitated  from 
Ai60e  combinations  by  acids  without  undergoing  the  smallest 
dbange.  This  acid  itself  has  been  compared  with  the  chloro- 
diromic,  and  these  salts  viewed  as  salicylates  of  metallic 
diknrides. 

Chlorosalicylimidey  cKlorosamide^  C42Hi5Cl30gN3;  is  salicy- 
Kmide  in  which  3  atoms  of  hydrogen  are  replaced  by  3  atoms 
d^  ehlorine.  It  is  a  yellow  mass  insoluble  in  water,  formed  by 
Erecting  a  current  of  ammoniacal  gas  upon  chlorosalicylic  acid^ 
00  long  as  water  is  disengaged. 

Corresponding  bromosalicylic  and  iodosalia/lic  acids  exists 
wliick  undergo  the  same  transformations  with  ammonia. 

mtrasalicylic  acidy  spvroiUc  acid  (Loewig) ;  C|4U50gN.   Fum- 

'mg  nitric  acid  has  a  violent  action  upon  salicylous  acid,  nitrous 

fimies  are  abundantly  evolved,  with  the  formation  of  a  dark 

ydlow  mass,  which  volatilises  when  distilled  with  water ;  this 

— ffir    has   not  been  analysed.     When,  on  the  other  hand, 

aitric  acid  of  ordinary  strength  is  digested  upon  salicylous  acid, 

peroxide  of  nitrogen  is  evolved,  and  a  crystaliine  mass  remains, 

"^iMiich  may  be  purified  by  washing  it  with  water  and  then  dis- 

-'  iahring  it  in  alcohoL    Nitrosalicylic  acid  crystallizes  in  small 

ydlow  prisms,  the  alcoholic  solution  of  which  dyes  the  skin 

aiid  nails  yellow ;  it  forms  crystallizable  salts  with  the  alkalies ; 

ammonia  produces  with  it  a  deep  blood  red  colour ;  with  the 

pordiloride  of  iron  it  assumes  a  cherry  red  tint.     Its  salts  have 

mot  been    sufficiently    examined;    their  probable  formula  is 

MO+C14H4O3,  NO4. 


CHAPTER  VII. 

PHLORIDZIN  AND  THE  BODIES  DERIVED  FROM  FT. 

Formula,  C42H2gO^=C43H  jgOig  4-  6HO,  according  to  Mulder, 
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Erdmann,   Otto.      But   C3.^HigO,^-»-GHO,   and    when    dried, 
C^jHjjOij+SHOj  according  to  Stass. 

This  suljstance  whicb  very  much  resembles  salicin,  was  dis- 
covered by  De  Koeninck  and  Stass  in  the  bark  of  the  root  of  the 
apple,  pear,  cherry^  and  plum  tree.  It  has  been  considered  is 
crystallized  salicin  plus  2  atoms  of  oxygen.  It  is  extracted 
from  tlie  bark  cut  into  small  pieces,  by  digestion  in  alcohol  of 
80  per  cent,  at  1 76"-  It  is  crystalUzed  by  distillation  of  Ibe 
alcohol,  solution  and  coolings  and  purified  by  means  of  anioial 
charcoaL 

Phloridzin  crystallizes  in  colourless  silky  prisms  of  a  sqnsre 
base^  of  density  L4298,  which  are  neutral,  having  a  bitter 
astringent  taste,  are  soluble  in  1000  parts  of  cold  water,  and  in 
all  proportions  in  hot  water,  are  soluble  in  alcohol  and  almost 
insoluble  in  ether.  Phloridzin  loses  4  atoms  of  water  of  ctts- 
tallization  at  212**,  fuses  at  320",  and  is  not  decomposed  belaw 
392*"  (200**  centig.).  It  pn)duces  a  white  precipitate  in  solution 
of  subacetate  of  lead.  It  dissolves  a  large  quantity  of  hydnlt 
of  lime,  and  gives  by  evaporation  in  vacuo  a  yellow  crystalline 
mass,  of  which  M,  Liebig  infers  the  c-omposition  to  be 
C42H^O,g+3CaO,3HO,  from  an  analysis  by  Stass,  Phlaridaii 
is  a  febrifuge  like  salicin. 

Phloretinj  O^qM^^O^^,  When  a  solution  of  phloridzin  is 
boiled  with  a  little  of  any  acid  whatever,  except  nitric  and 
chromic  acidsj  it  is  converted  into  grape  sugar,  and  the  preseal 
compound,  which  separates  from  the  solution  as  a  crystaUiiie 
powder.  Phloridzin  thus  undergoes  a  similar  change  wWk 
salicin,  by  the  action  of  acids. 

NiiropMoretic  acid^  phloretic  acid  (Stass),  C^jlIi^Oj^N;  in 
uncrystallizable  matter  of  a  puce  colour,  obtained  by  the  action 
of  nitric  acid  on  phloridzin.  It  is  soluble  in  alkaline  solutions, 
and  precipitated  again  by  acids. 

Phhrizein^  C^j^i^^m^i »  *  ^^  substance  soluble  in  am- 
monia, which  is  obtained  by  the  joint  action  of  air  and  am* 
nionia  on  humid  phloridzin.  The  addition  of  8  at(Kns  of  oxygen 
and  2  atoms  of  ammonia  to  the  elements  of  anhydrous  phlo- 
ridzin, gives  exactly  the  composition  of  phlorizein*  ITiis  com- 
pound also  unites  with  I  atom  of  ammonia^  when  dtnohwl  hi 
its  solutioji  and  evaporated  in  vacuo  with  sticks  of  potasb«  mJ 
forms  a  purple  blue  powder,  of  a  coppery  lustre^ ' 
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in  cold  water,  of  which  the  solation  has  a  magnificent  blue 
ooloiir  (Staas,  An.  de  Chim.  Ixix.  367). 


CHAPTER  VIII. 


GLYCERIN. 


Olyceryly  CgH7=Gl;  a  hypothetical  radical  admitted  by 
liebig  to  exist  in  the  substance  long  known  as  glycerin,  which 
IS  found  combined  with  various  acids  in  the  fat  oils.  Glycerin 
is  considered  as  a  compound  of  glyceryl  with  5  aioms  of 
OEzygen  and  1  atom  of  water,  or  the  hydrated  oxide  of 
^yceryl. 

Hydrate  of  oxide  of  glyceryly  glycerin;  CgHyOg  +  HO. 
Tliis  substance  was  first  observed  by  Scheele,  and  distinguished 
by  him  as  the  9weet  principle  of  oilSy  its  function  in  the  constitu- 
tioB  of  oils  and  fats  was  developed  by  Chevreul,  and  its  compo- 
sition carefully  determined  by  Pelouze*.  It  forms  a  base  to  the 
oleic,  stearic,  and  margaric  acids  of  the  fat  oils  and  tallow,  and 
IS  separated  when  those  acids  are  made  to  combine  with  an 
alkali  or  any  metallic  oxide,  in  the  saponification  of  the  oils. 
It  is  conveniently  prepared  in  saponifying  oil  of  olives  with 
oxide  (Sf  lead  and  a  little  water,  by  boiling  them  together;  the 
liberated  glycerin  dissolves  in  the  water,  while  the  soap  of 
oxide  of  lead  is  insoluble.  The  glycerin  is  accompanied  by  a 
small  quantity  of  oxide  of  lead  in  solution,  which  may  be  pre- 
cipitated by  sulphuretted  hydrogen.  Or  when  an  oil  is  con- 
^rted  into  a  soap  by  boiling  it  with  water  and  an  excess  of 
sikali,  the  soap  comes  to  the  surface  being  insoluble  in  the 
alkaline  liquor.  The  latter,  which  contains  the  glycerine  in 
solution,  may  be  drawn  ofi^,  the  free  alkali  be  neutralised  with 
sulphuric  acid,  and  the  solution  evaporated  to  a  syrup,  from 
which  strong  alcohol  dissolves  out  the  glycerin.  If  the 
product  is  coloured  it  may  be  purified  by  means  of  animal 
charcoal,  evaporated  by  a  water-bath,  and  afterwards  in  vacuo 
over  sulphuric  acid. 

•  Ann.  de  Chim.  et  de  Phyn.  t.  63.  p.  19. 
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Glycerin  is  thus  obtained  as  a  sjTup,  colourless  or  sligbtly 
yellow  and  uncrystallizable,  inodorous,  very  distinctly  swed, 
of  density  1.252  to  1.27,  attracting  moisture  from  the  air, 
niiscible  in  all  proportions  with  water  and  alcohol,  but  inioli 
in  ether.  It  rises  in  small  quantity  with  the  vapour  of  water« 
but  cannot  be  distilled  without  partial  decomposition.  When 
heated  in  air  glycerin  burns  with  a  luminous  flame.  It  pos- 
sesses an  extraordinary  solvent  power,  scarcely  inferior  to  that 
of  water  itself.  It  dissolves  the  deliquescent  salts,  and  many  other 
salts  which  are  not  deliquescent,  as  sulphates  of  potash^  »od4 
and  copper^  nitrates  of  silver  and  potash,  the  alkaline  chloridei^ 
hydrates  of  potash  and  soda^  and  tlie  vegetable  acids.  Nitfifi 
acid  converts  it  slowly  into  oxalic  acid  j  peroxide  of  mangm^ifi 
with  sulphuric  acid  into  formic  and  carbonic  acids.  Its  io- 
lution  in  water  does  not  undergo  any  change  by  keepings  and 
is  not  fermentable  by  yeast.  Glycerin  is  decomposed  when 
boiled  with  a  solution  of  sulphate  of  copper,  and  metallic  copper 
precipitated*  It  is  not  precipitated  by  subacetate  of  lead,  bal 
is  itself  when  liot  capable  of  dissolving  oxide  of  lead.  Witt 
potash  it  forms  a  compound  soluble  i!i  alcohol  i  it  combines  also 
with  barytes. 

It  is  acted  upon  by  chlorine  and  bromine ;  the  latter  fonD% 
with  hydrobromic  acid,  a  hca%^*  oily  ethereal  liquid,  C|j|H||Br| 
Oj„,  soluble  in  alcohol  and  ether-  With  chlorine,  the  produdii 
a  white  solid  flocculent  substance,  Cj^lIjiClaO^,, 

Acid  mlphaie  qf  oxtde  qf  glyceryl^  suiphogly eerie  acU: 
HO.  C^HyOs  +  SjOfi.  When  glycerin  is  mixed  with  twice  to 
weight  of  concentrated  sulphuric  acid,  combination  takes  pl^e 
with  the  evolution  of  much  heat,  but  without  chaniog*  Tht 
liquid  when  diluted  and  neutralised  with  carbonate  of  iiiDC  pw* 
a  precipitate  of  sulphate  of  iime^  which  is  separated  by  filtrmtioo, 
while  sulphogly cerate  of  lime  remains  in  solution.  ITie  wi 
may  be  isolated  by  cautiously  precipitating  the  lime  by  meani^jf 
oxalic  acid.  But  it  cannot  be  preserved,  for  it  is  gradiiillf 
decomposed  and  converted  into  hydrate  of  oxide  of  glyceryl  twl 
sulphuric  acid ;  the  change  takes  place  still  more  rapidly  when 
the  liquor  is  slightly  heated.  Even  when  newly  prepared,  ihti 
acid  liquid  precipitates  lime  and  barytes  from  their  SAltK. 

Siifphate  of  oxide  of  glyceryl  and  lime^  CaO.CglKO^-f  S|0|^ 
(Pelouze.)     It  is  deposited  from  its  solution  evaporated  to  ite 
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donsisteiice  of  a  syrup  in  prismatic  needles  or  coloarless  plates, 
wbich  are  insoluble  in  alcohol  and  ether.  The  salt  of  lead  has 
m  oomposition  analogous  to  that  of  lime.  The  solutions  of  both 
of  these  salts  are  decomposed  by  ebullition,  and  resolved  into 
iBflOltible  sulphates  and  hydrated  oxide  of  glyceryl. 

M»  Ltebig  makes  the  remark  that  oxide  of  glyceryl  probably 
exitts  in  nature  combined  with  other  acids  besides  those  of  the 
Thus  a  benzoate  of  oxide  of  glyceryl  would  possess  the 
composition  as  picrotoxin ;  mannite  even  might  be  an 
I  rf  glyceryl.  (Traits,  I.  602.) 


CHAPITER  VIII. 

•t  ETHAL,  AND  THE  CETYL  SERIES  OF  COMPOUNDS. 

'Spermaceti  differs  from  the  other  natural  fats  in  affording  a 
peculiar  substance,  first  observed  by  Chevreul,  instead  of 
l^ycerin,  when  saponified  by  an  alkali.  This  substance  was 
luuned  ethal*  by  MM.  Dumas  and  Peligot,  who  consider  it  the 
doohol  of  a  new  series  of  compounds,  of  which  the  radical  is 
(tetyl ;  or  ethal  is  the  hydrate  of  oxide  of  cetyl. 

Formula  of  cetyl  C32H33=Ct.  Has  not  been  isolated. 
•  Hydrate  of  oxide  of  cetyl,  ethal ;  C32H33O  +  HO.  To  liberate 
etfial  from  spermaceti,  the  latter  is  digested  with  an  equal 
irdght  of  hydrate  of  potash  dissolved  in  2  parts  of  water,  at  a 
Ittsmperature  not  exceeding  200®  for  several  days.  The  soap 
1JiU9  formed  which  consists  of  oleate  and  margarate  of  potash 
ifiih  ethal,  is  then  decomposed  by  dilute  sulphuric  acid,  which 
ffitea  a  fatty  mass,  composed  of  the  oily  acids  and  ethal  in  a 
state  of  mixture  and  not  of  combination  ;  it  is  washed  well  with 
IkiiKng  water,  and  then  boiled  with  barytes  water  in  excess, 
^Idch  forms  insoluble  soaps  with  the  oleic  and  margaric  acids ; 
^iiid  ethal  is  dissolved  out  by  means  of  cold  alcohol,  which  is 
afterwards  distilled  off.  The  ethal  is  dissolved  in  ether^  to 
separate  a  trace  of  adhering  barytic  salts. 

*  A  irord  formed  of  the  first  tylUUee  of  ether  and  alcohol. 
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Ethal  is  deposited  from  an  alcoholic  solution  in  crysUQiM 
plates }  it  fuses  above  1 1  S%  and  solidifies  at  that  tempoiataiVt 
forming  a  white  crystalline  mass.  It  is  volatile,  aiid  may  be 
distilled  without  decomposition.  It  is  insoluble  in  waltti^ 
soluble  in  alcohol  and  ether,  neutral  and  does  not  combioe  with 
acids  or  alkahes.  It  is  decomposed  by  nitric  acid,  and  combiiiai 
with  sulphuric  acid. 

Chloride  ofceiyly  C32H33,Cl=CtCU— An  oily  liquid,  fofmcd 
by  the  action  of  perchloride  of  phosphorus  on  ethah 

Acid  sulphate  of  oxide  of  c€tyl\  HO.CtOjSjO^* — This  com* 
pound  is  formed  when  ethal  is  heated  with  strong  aulphnfic 
acid.  It  forms  double  salts  when  neutralised  with  bases.  Sd- 
phate  of  oxide  of  cetyi  and  potash^  KO.CtOjS^Ogj  is  prepared 
by  adding  an  alcoholic  solution  of  hydrate  of  potash  to  tise 
preceding  compound,  sulphate  of  potash  precipitates,  and  tfac 
salt  in  question  remains  dissolved  in  the  alcohol,  from  wiiicb 
it  b  deposited  in  white  pearly  scales*  (Damaa  and  Peligo^ 
Annales  de  Chimie,  &c.,  Ixii,  5.) 

Ethalic  acidy  HO-fC^^UgjOj.  This  compound,  the  acetic 
acid  of  the  cetyl  series,  was  formed  by  M.  Dumas,  by  mixiiig 
1  part  of  ethal  with  5  or  G  parts  of  the  mixture  of  hydrate  of 
potash  and  quicklime,  and  heating  to  410**  or  428*  (2l(f  of 
220^  centig*),  for  five  or  s\il  hours.  Hydrogen  gas  is  evolved, 
and  the  ethalate  of  potash  formed.  The  last  is  decomposed  by 
hydrochloric  acid,  and  the  ethaUc  acid,  which  separates  in  ilodci^ 
purified  by  boiling  it  with  the  acid  liquid,  and  repeatedly  wttfc 
water,  converting  it  into  ethalate  of  barytes,  and  treating  tiie 
last  with  boiling  alcohol,  to  dissolve  out  undeoomposed  elhaL 
The  ethalate  of  barytes  is  then  decomposed  by  liydfocUmit 
acid,  and  the  Uberated  ethalic  acid  purified  by  soIudoR  m 
ether. 

EthaUc  acid  is  solids  white,  inodorous,  tastdess,  Ugbler  thm 
water*  Fused  by  heat,  it  soUdifies  at  101°,  and  then 
itself  in  the  form  of  small  brilUant  needles,  in  groupai 
from  a  centre.  It  is  insoluble  in  water,  but  is  dissolved  hfgdf 
by  alcohol  and  ether.  When  heated  in  a  little  capaule^  it  buib 
like  ethal.  and  is  volatiUsed  without  leaving  any  re«id(ie. 

All  the  eiAalaief  are  insoluble  in  water  or  alcahol,  except 
tliose  of  }K>ta5h,  soda,  and  ammonia.  The  insoluble  f!htih*T* 
are  prepared  by  precipitating  the   metallic   salts  dtsaolvcd  m 
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alcohol,  by  an  alcoholic  solution  of  ethalate  of  potash  or  soda. 
The  ethalates  of  the  alkalies  are  decomposed  by  a  large  quan- 
tity of  water,  although  they  dissolve  in  a  small  quantity  without 
diange.     (Dumas  and  Stas,  An.  de  Chim.  &c.  Ixxiii,  124). 

Ceiene,  €3,1133.  This  hydrocarbon  was  obtained  by  MM. 
Dmnas  and  Peligot,  by  distilling  ethal  repeatedly  with  glacial 
pbocphoric  acid,  which  deprives  the  former  of  2  atoms  of  water. 
It  IS  an  oily,  colourless  liquid,  boiling  at  527"^ ;  the  density  of 
iti  vapour  is,  by  experiment,  8007 ;  by  calculation,  supposing 
its  combining  measure  4  volumes,  7843.  It  is  insoluble  in 
T,  soluble  in  alcohol  and  ether. 


CHAPTER    VII. 

other  indifferent  substances. 

Class  i.    Ordinary  Constitubnts  op  Plants. 

SECTION  I. 

PECTIN. 

"  Formula :  HOH-CjjHiyOi,.  This  name  was  applied  by  Bra- 
eonnot  to  a  principle  which  forms  the  basis  of  vegetable  jelly .^ 
It  is  extensively  diffused  in  the  juices  of  pulpy  fruits  and  roots, 
«qpeciallyat  the  time  of  their  maturity,  and  occasions  these 
juices  to  coagulate,  when  mixed  with  alcohol  or  boiled  with 
sogar.  It  may  be  prepared  from  apples,  for  instance,  by  heating 
ihit  juice  with  a  little  albumen  till  the  latter  coagulates,  filtering, 
und  precipitating  the  pectin  by  a  considerable  addition  of  alcohol 
to  the  liquid.  By  a  second  solution  in  water,  and  precipitation 
by  alcohol,  the  pectin  is  completely  purified.  When  only  a 
small  quantity  of  alcohol  is  added  to  the  watery  solution,  the 
juice  fixes  as  a  jelly  after  an  interval  of  one  or  two  days. 

After  being  washed   on  a  filter  and   dried,  pectin  is  semi- 
tnuisparenty  and  has  a  considerable  resemblance  to  isinglass.     It 

•  From  wtiKTi^t  coagMlum. 
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is  insolttble  in  alcohol,  soluble  in  water,  the  solurt^r!^ 
to  test  paper,  insipid  or  tasteless;  it  is  not  atlli  we  gtim 

arable  The  dried  pectin  swells  np  in  water,  and  more  reAdUj 
in  cold  than  in  hot  water ;  with  one  hundred  times  its  weight  of 
w^ater  it  forms  a  jelly,  with  a  larger  quantity  only  a  gelatinooa 
liquid.  It  resembles  vegetable  mucilage  in  inanT  of  it«  pfO» 
perties  ;  with  nitric  acid  it  first  forms  saccharic  acid,  afterwaidf 
mucic  acid*  It  is  dissolved  by  an  excess  of  alkali,  and  converUd 
into  the  following  isomeric  acid. 

Pec  tic  acid.  This  substance  is  conveniently  obtained  hj 
grating  yellow  carrots  to  a  pulp,  expressing  the  juic^,  washing 
the  mare  several  times  successively  with  distilled  or  rain-wuter, 
and  expressing  it  well  again.  The  marc  is  then  diffused  tbmajli 
six  times  its  weight  of  pure  Avater,  free  from  earthy  snltji,  tnd 
solution  of  pure  caustic  potash  gradually  added  by  small  por- 
tions. The  mixture  is  then  heated  and  made  to  boil  for  ahotit 
a  quarter  of  an  hour,  and  the  boiling  liquor  filtered  througli 
a  cloth.  The  mixture  is  known  to  have  boiled  long  enouf^i 
w^hen  a  small  portion  of  it,  after  being  filtered,  is  found  to 
become  a  jelly  on  adding  to  it  a  drop  or  two  of  acid. 

The  peutic  acid  may  be  separated  by  a  strong  add,  but 
as  it  is  then  difficult  to  wash,  it  is  preferable  to  precipitate  it  by 
chloride  of  calcium,  which  gives  the  pectate  of  lime,  in  the  form 
of  a  coagulated  jelly  completely  insoluble  in  water*  This  jetlj 
is  w^ashed  on  a  cloth,  boiled  with  water,  to  which  a  little  hydro* 
chloric  acid  is  added,  which  dissolves  the  lime  and  leaves  tke 
pectic  acid ;  the  last  is  then  washed  with  cold  water.  Rfctic 
acid  remains  as  a  transparent  and  colourless  jelly,  faintly  k«I| 
very  slightly  soluble  in  cold  water,  but  more  soluble  in  boiSn| 
water.  '^Tlie  filtered  solution  does  not  become  solid  on  ooofiif, 
but  it  coagulates  and  forms  a  jelly  wlien  alcohol  is  added  to  it, 
or  sugar,  which  has  the  property  of  dissolving  pectic  acid,  mi 
transforming  it  after  some  time  into  a  jelly,  a  property  on  wtiA 
is  founded  tlie  preparation  of  tlie  jelly  of  currants,  ap^^le^,  pMih 
berries,  ^e. ;  fruits  of  which  the  juice  mixed  with  sugar  coaguUifi 
in  the  course  of  a  few  days*  When  evaporated  to  drynoii 
pectic  acid  resembles  pectin  in  appearance,  and  has  llic  woi* 
composition.  It  is  a  bibasic  aeid.  The  pectatn  po99em  ifei 
property  of  forming  a  jelly  when  precipieated,  in  common  will 
the  acid.     Those  only  cdntaining  an  alkaline  base  arc  soiubkin 
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r^  and  they  dissolve  only  in  the  latter  when  pure  and  free 
firom  acid  or  earthy  salts.     (Berzelius,  Trait^  II.  367  and  467.) 

By  boiling  it  with  an  excess  of  caustic  alkali,  pectic  acid  is 
tgain  modified,  and  converted  into  another  acid,  which  dissolves 
easilyj  is  very  fluid  and  has  a  sour  taste.  This  second  acid  is 
also  isomeric  in  its  salts  with  pectin. 

SECTION  II. 
VOLATILE  OR  ESSENTIAL  OILS  AND   RESINS, 

These  oils  or  essences  occur  in  all  smelling  plants,  and  are 
tfie  source  of  the  fragrance  of  the  vegetable  kingdom.  Some 
plants,  such  as  thyme,  contain  a  volatile  oil  in  all  their  parts; 
in  others  the  oil  is  confined  to  particular  parts,  such  as  the 
flower,  the  pollen,  the  leaves,  the  root  or  the  bark.  In  most 
|dant8  the  oil  is  contained  in  little  sacs  or  vesicles,  so  well 
dosed  that  the  plant  may  be  dried  without  evaporation  of  the 
oil,  and  the  latter  is  preserved  for  years  from  the  influence  of 
the  air.  In  other  species,  and  particularly  in  flowers,  the  oil  is 
ponstantly  produced  at  the  surface,  and  dissipated  by  eva- 
poration the  moment  of  its  formation.  Essential  oils  are  gene- 
ivlly  obtained  by  distilling  the  plant  with  water.  They  are 
themselves  less  volatile  than  water,  but  are  carried  over  with  the 
steam,  owing  to  the  sensible  tension  of  their  vapour  at  212^,  and 
oondensing  in  the  refrigeratory  are  found  on  the  surface  of  the 
^tilled  water  or  at  the  bottom  of  the  vessel.  A  few  oils  are 
d>tained  by  expression,  such  as  those  of  the  oranges  and  lemons, 
where  the  oil  resides  in  the  epidermis  of  the  fruit.  Some  other 
oib  which  are  not  contained  in  vessels,  such  as  those  of 
violet^  jasmine,  &c.  are  obtained  by  maceration  of  the  flowers  in 
im  inodorous  fixed  oil,  and  are  used  in  this  state  in  perfumery, 
or  are  afterguards  obtained  apart  by  distilling  the  fixed  oil  with 
water. 

The  essences  are  generally  liquid,  but  occasionally  solid  at  the 
luual  temperature ;  they  have  all  a  strong  odour,  more  or  less 
agreeable,  which  is  somewhat  harsh  immediately  after  distil- 
lation but  improves  with  keeping,  although  in  general  the  odour 
is  never  so  agreeable  as  that  of  the  fresh  plant.  Their  taste  is 
acrid  and  burning,  or  only  aromatic  when  it  is  greatly  weakened 
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by  mixing  them  with  other  substances.    Some  of  these  e^s 
are  colourless,  most  of  them  yellow,  red  or  bruwn,  others  grwft, 
and  a  small  number  are  blue.    They  are  not  unctuous  to  ti»« 
toucli  like  the  fixed  oils,  but  feel  harsh.     They  produce  an  oi!t 
stain  upon  paper  which  disappears  on  drying*     Their  den^iity 
varies  from  0.7*'>^j  the  density  of  oil  of  coriander,  to  1.006,  the 
density  of  oil  of  sassafras ;  but  they  are  generally  lighter  tlian 
water.     Although  volatile   at  the  ordinary  temperature^  their 
boiling  point  is  usually  not  under  320°.     The  volatile  oils  arc 
nearly  all  decomposed  in  part  when  distilled  alone.     They  bam 
in  air  with  a  bright  but  smoky  flame.     When  exposed  to  cold 
they  freeze,  but  generally  separate  into  a  solid  and  >r- 

tion,  indicating  that  they  are  mixtures  of  two  oils  t......     .:in 

flvudity ;  the  concrete  portion  is  termed  the  stearopieHy  and  the 
liquid  portion  the  elaopten  of  the  oiU* 

Tlie  essences  exposed  to  air  deepen  in  colour  and  absorb 
oxygen.  It  has  been  observed  that  the  odour  of  oils  is  doscif 
related  with  this  chemical  change.  Those  which  oxidate  rao«t 
rapidly  have  the  strongest  smeU,  and  the  characteristic  odour  of 
^o  oil  can  be  perceived  immediateljr  after  its  distillation  in  in 
atmos^phere  of  carl>onic  acid  gas.  The  oil  becomes  in  time  thick| 
loses  its  odour,  and  is  transformed  into  a  resin  which  in  the  rftd 
becomes  hard.  A  small  quantity  of  carbonic  acid  is  formed  in 
this   transformation,  but   no  water ;  it  is   greatly  pr^  '  1»y 

light*     An  oil  which  has  commenced  to  undergo  t  f  ^ 

consists  of  a  portion  of  oil  unchanged,  holding  a  resin  in  soffe^ 
tiottj  from  which  the  former  maybe  separated  by  '  "'V  !»a 
with  water.     The  substance  turpentine  is  in  this  con-  fid 

gives  oil  of  turpentine,  when  distilled,  with  common  resin  as  the 
fixed  residue.  Essences  should  therefore  be  preserved  in  well* 
stopt  bottles.  They  are  strongly  acted  upon  and  fiequcutlf 
inflamed  by  concentrated  nitric  acid.  Some  of  them  product  i 
sort  of  explosion  when  mixed  with  dry  iodine. 

Essential  oils  are  very  slightly  soluble  in  water,  but  sufi' 
ciently  so  to  communicate  their  odour  and  taste  to  that  liquiA 
Water  which  has  been  distilled  from  an  odoriferous  plant  is i 
saturated  solution  of  the  oil ;  tlie  duiUhd  waters  used  in  ns»» 


•  These  terms  wrre  first  Appluii  in  ibt*  *»oiici  nnd  fluid  {>ortioiu  o/  6ic(J  o»r»  \  i*»t 
arc  rjfriv'ed  Iroin  ttrtap  stirt  iind  iXaiov  oil 
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dicme  are  so  prepared.  These  liquors  are  improved  by  a  second 
distillation,  or  by  keeping  for  some  time  in  a  cool  place  when 
contained  in  opaque  vessels  imperfectly  closed^  during  which 
^me  foreign  matters  which  have  been  distilled  along  with  the 
oil}  disappear.  The  volatile  oils  are  all  very  soluble  in  alcohol, 
md  the  more  so  the  less  water  it  contains.  With  alcohol  of 
Of820,  oil  of  turpentine  may  be  mixed  in  a  large  proportion,  and 
auch  a  liquid  is  sometimes  burned  in  a  lamp  properly  con- 
Btruoted  for  the  purpose.  The  oils  which  contain  oxygen,  such 
as  those  of  lavender  and  peppermint,  dissolve  more  readily  in 
aqueous  alcohol  than  the  pure  hydrocarbons.  Such  solutions  of 
essential  oils  in  alcohol  are  lavender  water,  eau  de  Cologne^  &c. 
They  are  rendered  turbid  by  water,  which  combines  with  the 
alcohol  and  hberates  the  oil.  Essential  oils  are  soluble  in 
ether.  They  are  capable  of  dissolving  at  a  high  temperature  a 
considerable  quantity  of  sulphur  and  ^a  small  portion  of  phos- 
phorus ;  and  may  be  combined  or  mixed  with  bisulphuret  of 
carbon,  chlorides  of  sulphur,  of  phosphorus,  of  carbon  and 
.  arsenic.  They  combme  with  several  vegetable  acids,  such  as 
acetic,  oxalic,  succinic  acids,  the  oily  acids,  camphoric  and 
suberic  acids.  With  the  exception  of  oils  of  cloves,  cinnamon 
and  cedar  wood,  the  volatile  oils  do  not  combine  with  salifiable 
bases ;  they  differ  entirely  in  this  respect  from  the  fixed  oils 
which  are  saponified  by  alkalies.  Alter  being  brayed  with 
sugar  th^  volatile  oils  dissolve  better  in  water.  Volatile  oils, 
dissolve  all  the  fat  oils,  resins,  and  animal  fats. 

Many  volatile  oils  contain  no  oxygen,  and  in  all  of  these, 
with  one  or  two  exceptions,  the  carbon  and  hydrogen  are 
CjH^  or  some  multiple  of  these  numbers  ;  but  the  larger  pro- 
portion are  oxides.  Several  of  the  latter  part  with  their  whole 
oxygen,  with  a  proportional  quantity  of  hydrogen,  as  water, 
under  the  action  of  anhydrous  phosphoric  acid,  and  are  con- 
verted into  pure  oily  hydrocarbons. 

A.  ESSENTIAL  OJLS  CONTAINING  NO  OXYGRN* 

OIL  OF  TURPENTINE. 

Formula:  CjoHig.  It  is  derived  from  several  kinds  of  tur- 
pentine, a  semi-fluid  resin  exuding  from  the  differciit  species  of 
the  pine.    The  turpentine  is  distilled  with  water,  the  oil  comes 


isfiidniM.  otiiS. 


wmd  m  resso  rtoiiiiis  beiiiiid.     The  oil  met  with  in 


I  resti3,  pfndaeed  by  tli€  oxkbtion 
I  of  file  oAt  from  vhidb  it  sbonid  be  purified  by  rectificalicm^  tt*t 
I  Is,  m  second  rfiwtfltitiQp  froei  vmter.  Tbe  pure  oil  ia  a  ooloof- 
■.len^  Ubh  fiqnid^  baTing  a  peculiar  odour,  of  which  the  density 
lib  OiSTf  at  SO*,  and  botling  point  314* j2  ()56'.8  centig.)  Tbe 
I  speofie  beat  of  this  Squid  is  0.462,  according  to  Despr^'tJE^  thit 
Ijof  water  being  1.000.  The  density  of  ita  vapour  is  5010  hj 
laxperiiiieiity  47^  by  adcolatioa.  It  abandons  only  half  tte 
1%^  wbeo  ooradensed  from  the  stale  of  t^pour  at  Ita  boiling 
I  poiiity  that  Ttponr  of  water  does  at  212* ;  but  a  portion  of  thit 
I  lieat  is  beat  of  tesnperattire,  for  the  latent  heat  of  Tapour  of  oil 
[  of  turpentine  b  to  that  of  Tapoor  of  water  only  as  031S  to 
llXKX).  When  cooled  to  — 16*.6,  oil  of  turpentine  depotita  its 
I  atearopten  in  white  crrstala,  which  are  heavier  tlian  water,  am! 
I  fbaa  at  19* A  (—7*  cciiig.) 

I  Oil  of  turpentine  is  certainly  a  mixture  of  two  or  more  iso- 
Imeric  oils;  this  appears  in  its  forming  two  compounds  with 
lliydrochloric  acid^  one  of  which  has  long  been  known  as  arii- 
iJtciai  tan^w.  To  prepare  this  compound^  well  dried  hydro* 
achlorie  acid  gas  is  made  to  pass  slowly  into  the  essence  sur- 
i  rounded  by  ice.  Widiout  this  precaution,  it  becomes  hot,  sad 
I  the  hydrochloric  acid  is  not  so  completely  absorbed.  It  is  lift 
I  to  itself  for  twenty-four  hours^  after  which,  a  quantity  of  a  while 
f  erystalline  substance  is  found  deposited  in  a  brown  fuming 
I  HI  other-liquor.  The  composition  of  the  soil"'  '  *  ratals 
I  represented  by  C^oHj^  +  HCL  The  name  CGOT/A  ^    ^^pHed 

Plo  the  essence  by  Dumas,*^  this  is  the  hydrochloraie  ofam^hfne. 
PWhen  pure,  it  is  a  snow-white  substance,  of  a  peculiar  odour, 
I  suggesting  that  of  common  camphor,  but  very  different  in  other 
ilespects;    fusible  above  212%  and  volatile]    alcohol  of  0.806 
loissoh'es  at  57**  one  third  of  its  weight  of  it.      It  is  decomposed 
pcompletely  when  distilled  rapidly  hy  means  of  an  oiUbath,  with 
two  or  three  times  its  weight  of  quicklime,  chloride  of  caldum 
being  formed,  and  a  colourless  oil,  of  the  same  compositian  and 
density  as  oil  of  turpentine,  which  can  be  united  again  rilh 
hydrochloric  acid,  and  gives  an  entirely  solid  product.    Thi* 


•  Th^  9uence  of  turpentine  may  be  allowed,  m  the  b«««  of  irtlficMl  c»OifWir« 
to  r»t«iB  this  numc. 
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oil,  however,  is  not  identical  with  the  essence,  differing  from  it 
in  its  optical  properties,  and  is  distinguished  as  campMlene 
(Deville).  The  liquid  hydrochlorate  is  of  density  I.OIJ,  and  its 
composition  is  also  expressed  by  CapHig-f  HCl.  (Soubeiran, 
Capitaine). 

..,  It  is  diflBcult  to  decompose  the  hydrochlorate  of  turpentine 
completely  by  an  alkali ;  a  portion  of  it  distils  over  and  contami- 
nates the  oil  thus  obtained.  M.  Deville  adds  gradually  to 
cuence  of  turpentine  kept  cold,  a  small  quantity,  about  ,v,th 
of  oil  of  vitriol,  so  that  the  whole  becomes  deep  red  and  viscid 
after  strong  agitation,  allows  it  to  deposit  for  twenty-four  hours, 
and  decants  the  thick  liquid  from  a  black  deposit  This  red 
.liquid,  when  heated,  emits  some  bubbles  of  sulphurous  acid, 
Jbecomes  colourless,  and  is  transformed  into  a  mixture  of  two 
oils,  which  he  names  terebene  (from  terebenthine),  and  colo- 
phene.  The  former  distils  over  first.  Terebene  has  the  same 
composition  and  density  as  camphene,  'but  differs  from  the 
latter  in  its  rotatory  power  on  polarised  light  being  equal  to 
nothing.  By  treating  terebene  by  hydrochloric  add,  DevUle 
obtained  a  new  liquid,  sub-hydrochlorate  of  terebene^  of  density 
0.902  at  59°,  with  a  good  deal  of  the  odour  of  terebene  itself; 
its  composition  2C^q}1^^  -f-  HCl.  A  corresponding  hydrobromate 
of  terebene  was  a  colourless  liquid,  of  density  1.021  at  Tb^.^ 
(24*  centig.) ;  its  composition  2C^\l^Q-\-Y{Br.  The  solid 
hydrobromate  of  camphene^  formed  by  the  action  of  hydrobromic 
acid  on  the  essence  is  C2oH]q+  HBr.  It  preserves,  in  common 
with  the  solid  hydrochlorate,  the  negative  rotatory  power  of  the 
essence.  The  liquid  hydrochlorate,  prepared  from  the  essence, 
loses  that  property,  and  is,  therefore,  supposed  not  to  contain 
camphene  but  terebene,  and  named  hydrocJdorate  of  terebene. 
"When  hydrochlorate  of  terebene  is  distilled  with  an  alkali,  it 
gives  an  isomeric  oil,  terebilen^y  having  the  same  relation  to 
terebene  that  camphilene  has  to  camphene.  Two  corresponding 
hydriodates  of  terebene  have  been  formed. 

A  very  regularly  crystallized  substance  has  often  been  found  in 
aid  oil  of  turpentine,  or  in  oil  of  turpentine  left  long  in  contact 
with  dilute,  nitric  acid,  which  appears  to  be  formed  by  the  assi- 
milation of  the  elements  of  water.  Its  composition  is  CjoH^^O^^, 
or  represented  as  a  hydrate  of  oil  of  turpentine  C^oHig-f-GHO. 
(Dumas  and   Peligot).      It  is  fusible  about  302^  (ISO""  centig.). 
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and  sublimes.      Soluble  io  200  parts   of  cold,  and  in  22 
of  boiling  water,  from  which  it  crj'stallkes  on  cooling. 

By  treating  terebene  by  chlorine,  M.  D^ville  formed 
liquid  chlorinated  compounds,  which  he  names  chhrotcre' 
C^^i^Cl^;  and  monochloroterehene,  C^^H^CV  He  also  ^ 
bromoteredmey  C^oHj^Br^.  Terebene  does  not  form  a  hydiati 
like  the  essence*  The  essence  treated  with  chlorine  gtve$4 
chlorinated  compound,  which  M,  Deville  names  chloroc 
of  the  same  compositionaschloroterebene,  but  differing  in  i 
and  other  properties, 

Colophene  is  an  additional  product  besides  terebene,  of 
action  of  concentrated  sulphuric  acid  upon  the  essence.  It  diJ 
tils  over  after  the  terebene,  on  urg^g  the  heat  so  as  to  bringt 
viscid  mass  in  the  retort  to  a  state  of  strong  ebulUtion,  as  a  viscid  | 
oil,  of  a  clear  yellow  colour,  which  re-distilled  several  times  i 
alone,  and  once  (if  contaminated  with  sulphur)  from  the  alloy 
of  potassium  and  antimony,  constitutes  colophene;  Colopli 
is  colourless  by  transmitted  light,  but  possesses  a  kind 
dichrolsm  and  may  be  seen  of  a  deep  indigo  blue  colour,  a  pro- 
perty which  can  be  recognised  in  all  its  compounds.  Its  density 
is  0.040  at  4%%  and  0.9394  at  77**-  It  is  isomeric  with  the 
essence  of  turpentine*  Its  boiUng  point  is  about  5W  or  GO«/i 
the  density  of  its  vapour  could  not  easily  be  taken  with  exactr 
ness,  but  was  certainly  not  less  than  twice  that  of  oil  of  turpca* 
tine.  Assuming  the  density  as  double,  the  atom  of  colophene 
will  be  C^^Hgg,  its  combining  measure  4  volumes.  This  <ul  i 
also  one  of  the  products  of  the  rapid  distillation  of  colophon 
or  the  resin  of  turpentine,  and  was  named  colophene  on  ' 
account. 

Colophene  absorbs  hydrochloric  acid,  but  the  hydrochhrot^^^ 
is  a  feeble  combination,  and  is  deprived  of  its  acid  by  ( 
By  distilling  the  impure  hydrochlorate  from  barytes,  M*  DeviUe^i 
obtained  an  isomeric  oil,  which  he  considers  the  cofe/iAtZme 
of  colophene.  It  did  not  appear,  however,  to  possess  tfa< 
dichroisra  of  the  latter  body,  Colophene  also  absorbs  dilc 
with  avidity,  without  any  disengagement  of  hydrochloric  actdi 
and  is  converted  into  a  resin,  soluble  in  alcohol  and  crystal* 
lizable,  having  very  much  the  appearance  of  colophony,  and 
which  is  named  chiorocoiophene^  C^oH^^Cl^.  It  is  in  fiictoak>- 
phony  in  which  4  atoms  of  oxygen  are  replaced  by  4  aloB»  oi 
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chlorine.  Fused  by  heat,  and  exposed  again  to  chlorine  chloro* 
oolophene  absorbs  that  gas,  and  emits  a  large  quantity  of  hydro- 
chloric acid,  giving  a  new  product,  of  a  transparent  yellow 
colour,  which  may  be  represented  by  C^U2fi\s' 

It  thus  appears  that  four  isomeric  oils  exist  related  to  the 
OMenee  of  turpentine,  of  which  the  common  formula  is  CjqH,^, 
nmmely  camphene,  terebene  with  camphilene  and  terebilene,  the 
two  latter  being  obtained  by  similar  processes  from  the  two 
former ;  also  another  pair,  of  which  the  atomic  weight  is  double 
and  the  formula  0^1X329  namely  colophene  and  colophilene; 
and  that  each  of  these  bodies  gives  rise  to  a  particular  series  of 
compounds  by  uniting  with  hydrochloric  acid,  clilorine,  &c. 
(Deville,  An.  de  Chim.  Ixxv,  37). 

COLOPHONY,  OR  RESIN  OF  TURPENTINE. 

Common  turpentine  affords  when  distilled  with  water  from 
5  to  25  per  cent  of  essence,  what  remains  being  common  resin, 
named  colophony,  or  colophonium,  of  which  the  composition 
generally  received  is  €4^113204  (Rose)  ;  that  is,  2  equivalents  of 
the  essence  combined  with  4  equivalents  of  oxygen.  M.  Liebig 
is  disposed,  from  more  recent  analyses,  to  represent  the  resin 
by  C40H3QO4,  and  then  in  its  formation,  the  essence  C4QH32 
I<>8e8  2  atoms  of  hydrogen,  which  are  replaced  by  4  atoms  of 
oxygen.  The  resin  is  not,  however,  a  homogeneous  product, 
bat  was  divided  by  M.  Unverdorben  into  two  different  resins, 
which  he  named  sylvic  and  pinic  acids.  The  properties  of  the 
mixture  of  these  resins  or  colophony  are  familiar;  it  is  a  yel- 
lowish brown,  translucent,  brittle  solid,  fusible,  readily  soluble 
in  alcohol,  ether,  the  fixed  and  volatile  oils ;  soluble  in  alkaline 
leys,  with  which  it  combines  as  an  acid,  and  forms  soluble  salts, 
which  are  detergent,  and  enter  largely  into  the  composition  of 
all  brown  soaps.  The  two  resins  are  separated  from  each 
other  by  means  of  cold  alcohol,  of  72  per  cent  (sp.  gr.  0.867) > 
which  dissolves  pinic  acid,  or  alpha-resin  as  it  is  also  called, 
and  leaves  behind  sylvic  acid,  or  beta-resin. 

Alpha-resin  (pinic  acid),  is  precipitated  from  the  alcoholic 
solution  by  water ;  it  is  not  crystallizable ;  after  being  fused,  it 
has  quite  the  appearance  of  colophony ;  it  is  insoluble  in  water, 
but  dissolves  easily  in  alcohol,  ether,  and  oil  of  turpentine; 
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these  solutions  have  an  add  re-action.  The  pinates  of  potash 
soda  and  ammonia  dissolve  in  water,  but  are  precijntated  by  u 
excess  of  alkali  or  the  addition  of  any  alkaline  salt.  The  fnnstti  € 
other  bases  are  insoluble  in  water,  and  maybe  precipitated fim 
alcoholic  solutions  of  the  alkaline  pinates  by  double  decoiopc 
sition,  employing  an  alcoholic  solution  of  the  other  salt;  tbe 
are  most  frequently  insoluble  in  alcohol^  but  many  dissobe  i 
ether.  The  composition  of  pinic  acid  was  found  by  Rose  toll 
C40H33O4,  or  the  same  as  that  of  colophony  (C49H30O4,  aoooni 
ing  to  Liebig).  Sylvic  acid  has  likewise  the  same  compc 
sition. 

By  distilling  or  heating  pinic  acid,  a  new  resin  is  fbnaec 
colopholic  acidy  of  the  same  composition^   but  posseani^ 
stronger  affinity  for  bases. 

Beta-resin  (sylvic  acid).     The  insoluble  residue  treated  wit 

boiling  alcohol,  dissolves  entirely ;  it  is  filtered  hot,  and  crji 

tallizes  on  cooling.     It  is  purified  by  a  second  crystaUiiattR 

particularly  from  alcohol  containing  a  little   sulphuric  add.   1 

is  transparent  and  colourless,  crystallizes  in  rhomboidal  pnun 

terminated  by  four  facets,  which  are  generally  very  thin,  sod  1 

large  as  to  resemble  tables.     It  fuses  below  2  J  2%  is  insoluble  i 

J  water,  but  dissolves  easily  in  alcohol,  ether,  the  fixed  andvob 

:|  tile  oils.     Alcohol  of  72  per  cent  takes  up,  when  boilmg,  on 

j  tliird  of  its  weight,  but  abandons  nearly  the  whole  on  coolin 

:3  in  a  crystalline  form.     It  is  dissolved  by  concentrated  sulphur 

■  acid,  and  precipitated  again  by  water  from  tliat  solution,  but  i 

f  the  condition,  according  to   Unverdorben,  of  pinic  acid.    Tb 

i|!  sylvates  of  potashy  soda  and  ammonia  are  soluble  in  water;  th 

I;  sylvates  of  other  bases  are  insoluble  in  water,   but  frequentl 

'  dissolve  in  ether  and  even  alcohol.     The  sylvate  of  magnem^  i 

!>  particular,  is  soluble  in   alcohol.      The  addition  of  ammooii 

i|  even  in  excess,  to  the  solution  of  sylvic  acid  in  alcohol  does  nc 

\  throw  down  a  precipitate,  and  the  acid  precipitated  by  wat« 

i  dissolves  readily  in  ammonia ;  so  also  does  the  resin  in  causti 

•;  potash,  but  an  excess  of  the  latter  throws  down  a  subsykaie  q 

j  potashy  a  compound  very  slightly  soluble  in  an  excess  of  bts< 

The  composition  of  sylvic  acid  is  C40H3QO4,  or  half  these  num 

I  hers,  according  to  Trorasdorff. 

These  two  resins  form  the  large  proportion  of  colophony,  ba 
a   third   resin  has   been   observed  in  it,  which  is  indifferent 
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'^^fflb  in  cold  alcoholj  but  not  precipitated  by  the  acetate  of 
copper. 

The  white  resin,  galipot ^  derived  from  the  pinua  maritiroa, 
consists  almost  entirely  of  a  colourless,  crystallizable  resirij 
named /?imanc  acid^  C4^H;^j,0^,  of  the  same  composition  as  the 
preceding  resins,  but  differing  fnim  them  in  properties.  When 
the  crystaUized  resin  is  dissolved  in  alcohol,  it  soon  separates 
as  an  amorphous  powder,  which  is  much  less  soluble^  without 
alteration  in  composition.  When  distilled  in  \'bcuo,  pimaric 
acid  is  converted  into  another  resin,  pyromaric  aciiL  Boiled  for 
a  long  time  vnth  nitric  acid,  pimaric  acid  gives  rise  to  a  new 
acid,  containing  nitrogen,  azomaric  acid^  C^jjH,gO,5N  +  4HOj 
of  which  the  capacity  of  saturation  is  double  that  of  pimaric 
acid.  (Laurent,  An.  de  Chim.  Ixm,  383). 

By  the  dry  distillation  of  colophony,  M,  Fremy  obtained  a 
heavy  light-coloured  oil,  almost  destitute  of  taste  and  smeU, 
boiling  above  482",  which  he  named  rennem.  Its  composition 
is  expressed  by  CjoHj^O;  and  it  appears  to  be  formed  by  the 
abstraction  of  an  atom  of  water  from  half  an  equivalent  of 
colophony.  By  distilling  purified  resin  with  eight  times  its 
weight  of  slaked  lime,  the  same  chemist  procured  two   hquid 

f  ducts,  reshwne  CjoHyO,  soluble  in  alcohol,  and  boiling  at 
!^5  ;  and  renneone  C^^Hi^O,  less  soluble  in  alcohol,  and 
ling  at  2f>8^5  (Liebig,  Annalen,  xv,  282). 
By  distilling  resin  at  a  higher  temperature.  MM,  Pelletier 
and  W^alter  obtained  a  hquid,  rethmphtha  C7H4 ;  which  gives 
with  chlorine  a  compound  Cj^HgClj.  At  the  same  time  with 
rctinaphtha,  a  less  volatile  liquid,  retmyk%  CgH^,  is  formed. 
The  less  volatile  product  of  the  distillation  of  resin  affords  a 
liquid  refinokf  C^H^,  with  a  solid  compound  retisterene  or  meta- 
naphthaline,  which  is  isomeric  with  naphthaline.  (Ann.  de  Chim, 
StCp  Ixvii,  269), 

Common  resin  is  converted  into  shoemaker's  resin,  or  Bur- 
gundy pitch,  by  heating  it  repeatedly  with  water,  and  going  to 
dryness, 

OU  qf  lenwfidi  ^^lo^Is*  ^^i^  essence  is  extracted  from  the 
rind  of  the  lemon  {Citrus  viedicajy  usually  by  expression.  The 
erode  oil  is  pale  yellow,  but  when  rectified  it  is  colourless,  has 
%  rtrong  smell  of  lemons,  density  0.847*  and  boiling  point 
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S43M   (173''  ceiitigO*     It  has  absolutely  th«  same  coimpasil 
in  100  parts  as  essence  of  turpentine,  bat  only  half  tha  fttomis 
weight.     It  forms,  with  hydrochloric  acid  both  a  solid  and  liquid 
compound,  according  to  Blanchet  and  Sell.     The  eompositiKNi    | 
of  both  is  expressed  by  CjfjHg,HCL     The  camphor  and  also  tlit    [ 
liquid  liydrochlorate  of  lemon  oil   are  decomposed  by  CDcanB  of 
alkaUes,  and  furnish  two  oils,  which  possess  the  same  compo* 
sition  as  the  essence  employed,     (HI  of  onrnffes,   from  orange 
peel  {Citrus  auranfmm)  differs  only  in  smell  from  oil  of  Udai^^H 
Oil  qfntroiiy  or  of  orange^flower  is  quite  different,  and  is  la  gfflH^ 
part  soluble  in  water.     It  appears  to  contain  a  stcaroptcn^  but 
its  cx>mposition  is  not  exactly  known. 

Oil  of  jumpers. — Obtained  by  the  distillation  of  crushed  juni- 
per-berries  w^th  water.      It   ia  colourless,  and  poaseaaes 
taste  and  odour  of  juniper;  is  composed  of  two  oils  of  diffe 
volatility,  both  of  them  containing  carbon  and  hydrogen  in 
same  relation  as  all  the  oils  of  this  class^  namely  C5H4.    Bf 
adding   a  little   of  this  oil   to   brandy,  gin   or   IloUands  ire 
formed. 

Savin- oiL — Derived  from  the  berries  of  JumperfiS  mbim, 
colourless^  also  represented  by  some  multiple  of  C5H4.  Botti 
of  these  oils  are  used  as  diuretics. 

OU  of  mpaiba^  ^loHg.     The  balsam  of  copahu  or  copaiTtis 
extracted  in  Brazils  and  the  Antilles  from  several  plants,  of  tiMi 
genus  copaifera*     It  is  obtained  by  incision,  in  the  same  way 
common  turpentine,  with  which  it  has  a  great  analogy;  and  i 
clear- yellow,  transparent^  thick  liquid,  consisting  of  a  resin 
volatile  oil. 

The  oil  is  colourless,  thin,  of  an  an>matic  but  dtsagreeabb 
odour,  of  density  O.878,  and  boiling  point  473'.  AbMiMi 
alcohol  dissoh^es  two-fifths  of  its  w^eight  of  this  oil,  but  tmt0/^ 
five  parts  of  the  spirits  of  i^Hne  of  commerce,  are  required  to 
dissolve  one  part.  It  forms  a  crystal lizable  compound  with 
hydrochloric  acid  ;  it  is  isomeric  with  oil  of  lemons,  and  bxs  tht 
same  mode  of  condensation,  (Blanchet). 

Copahuvic  acid^  C^^W^^O^.  This  name  is  applied  to  the  v:m 
of  copaiva,  which  possesses,  according  to  Rose,  the  same  eompo* 
sition  as  colophony.  To  obtain  it  crystallized^  M,  Sdiwtttcf 
dissolves  9  parts  of  the  balsam  in  2  parts  of  ammonia,  mA 
leaves  the  mixture  in  a  cool  place*     The  crystala  wbkli  tsfo^ 
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being  taken  out,  washed  with  ether,  and  re-dissolved  in  alcohol, 
fiimish  the  pure  resin  by  spontaneous  evaporation  ;  the  salt  of 
oopahuvic  acid  and  ammonia  loses  its  ammonia  during  the  evar 
poration.  The  copahuvaies  of  potash  and  soda  are  soluble  in 
water,  diat  of  ammonia  soluble  in  ether  and  alcohol,  but  not  in 
water.    The  salt  of  silver  is  crystallizable. 

Oil  ofpeppeVy  from  Piper  nigrum,  has  the  same  composition 
as  oil  of  copaiva,  and  is  similar  hi  properties. 

Oil  of  cubebs,  from  Piper  cubeba,  is  supposed  by  Soubeiran 
md  Capitaine  to  be  C,5H,29  its  compound  with  hydrochloric 
adkl  being  Ci5H,3CI.    The  former  is  still  a  multiple  of  C5H4. 

Oilo/storaxy  from  the  balsam  atorax  liquida,  by  distillation, 
baSy  according  to  Marchand,  its  carbon  and  hydrogen  as  C^H, 
or  in  the  same  relation  as  benzole,  and  therefore  differs  in  com- 
position from  all  other  known  essential  oils.  It  is  converted  by 
nitric  acid  into  a  resinous  body,  which  yields  a  particular  crys* 
tallizable  oil,  by  distillation,  the  nitrostyrole  of  Simon. 

Oil  ofelemi^  obtained  by  distilling  the  resin,  is  a  transparent 
colourless  liquid,  of  an  agreeable  smell,  its  density  is  0.852  at 
75^2  (24*^  centig.) ;  it  absorbs  hydrochloric  acid,  but  does  not 
seem  to  form  a  solid  camphor.  It  consists  of  carbon  and  hy- 
drogen in  the  proportion  of  C4H5.  (Stenhouse.) 

Laurel-turpentine  oil,  imported  of  late  from  Demerara  under 
the  name  of  laurel  oil ;  its  density  is  0.86*45  at  60%  it  b^ns  to 
boil  at  301%  but  its  boiUng  point  rises  to  325^  Its  smell 
slightly  resembles  that  of  oil  of  turpentine,  but  is  much  more 
agreeable  and  approaches  that  of  oil  of  lemons.  It  contains  no 
oxygen,  and  consists  of  two  or  more  isomeric  oils  of  the  C5H4 
type.  This  oil  is  an  excellent  solvent  of  caoutchouc,  and  is 
employed  as  an  external  application  in  rheumatism.  (Sten- 
house.) 


B.  ESSENTIAL  OILS  CONTAINING   OXYGEN. 

Oil  of  bergamotte  is  obtained  from  the  ripe  fruit  of  the  Citrus 
bergamotta^  or  Citrus  limetta  (the  lime).  It  is  yellowish,  but 
when  rectified,  colourless,  has  an  agreeable  odour,  and  is  much 
used  as  a  perfume.  Its  density  is  0.862;  it  combines  with 
hydrochloric  acid.     It  was  found  by  Ohme  to  contain  7*^^ 
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per  cent  of  oxygen »  and  considered  ag 
3C^oHs  +  2HO.  But  MM,  Soubeiran^ 
be  a  mixture  of  2  or  more  oils,  which 
eould  not  be  completely  separated, 
oxygen  varying  from  H.37  to  16,14  peP 
anhydrous  phosphoric  acid  upon  this 
which  has  the  same  composition  as  oil 
C^H^  type.  By  the  action  of  phosphoi 
a  peculiar  acid  was  also  produced  (| 
acidjf  which  forms  suluble  salts 
lead* 

Oii  ofchvesy  from  the  undeveloped  fli 
phyllus  aroinaticus.  It  is  colourless 
brown  in  air,  of  a  strong  odour  and  bu| 
1.06L  Clove  oil  consists  of  two  diffei^ 
C^H^  type,  the  other  heavy,  of  density 
46y^  4  (243^  centig.)  which  forms  crj 
bases,  and  is  named  caryophyUic  acid, 
rated  hy  distillation  of  the  crude  oil 
by  which  the  heavy  or  proper  clove 
nation,  and  may  afterwards  be  liberatil 
acid.  Alcohol  also  extracts  from  clov^ 
ophyUim^  of  which  the  formula^  accord! 
Ettling,  is  CaoHi^O^.  The  distiUed 
another  substance  in  yellowish  pearl| 
named  eugenine  by  Bonastre. 

Oil  of  anhe,  from  Pimpitiella  a\ 
less,  of  density  0.9857*  It  contai 
is  solid  at  the  usual  temperature. 

The  stearopten  obtained  by  pressure 
crystalEzes  in  colourless  plates,  fuses' 
43r.6,  Its  composition,  according  to 
of  M.  Cahours,  is  CjnH^^O^*  With  ch 
two  semifluid  compounds  of  a  viscid  i 


and  C20H.4CI 


^Oj.     With  bromine  thft 


and  a  crystaUine  compound  is  formed, ' 
If  I  4  parts  of  sulphuric  acid  are  dig€ 
concrete  essence,  the  latter  is  entirely  on 
of  a  resinous  nature,  which  when  puri 
by  distillation,  is  termed  ani»oine^  b 
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fecdy  white  inodorous  substance,  fusible  at  a  temperature  abore 
212*,  of  which  the  formula  is  CjoHjjOj,  or  it  is  isomeric  with 
the  original  concrete  essence.  By  the  action  of  dilute  nitric 
and  on  the  essence  of  anise,  anisic  acid,  HO  +  CigHgOg,  is 
ftnned,  which  crystalliees  in  fine  needles  and  is  volatile  without 
dfloomposition ;  it  belongs  to  the  class  of  benzoic  and  cinnamic 
adds.  When  distilled  with  an  excess  of  barytes,  hydrated 
anisic  acid  loses  2  atoms  of  carbonic  acid  and  yields  aniiole 
€$^411702,  a  colourless  highly  mobile  liquid,  boiling  above  302^ 
(150*  centig.),  of  an  agreeable  aromatic  odour,  insoluble  id 
Water,  soluble  in  alcohol.  Anisole  gives  crystallizable  and 
▼olatile  compounds  with  chlorine  and  bromine ;  it  is  evidently 
allied  to  benzole.  Boiled  with  stronger  nitric  acid  the  con- 
arete  essence  of  anise,  gives  nitranisic  acid,  HO  +  CigHgNOg. 
NUraniside  is  a  yellow  resinous  substance,  produced  by  the 
action  of  fuming  nitric  acid  upon  the  concrete  essence ;  its 
probable  formula  is  C2oH]oN20|o.  (Cahours,  Ann.  de  Chim., 
fice.,  3  ser.  ii,  274.) 

The  concrete  essences  of  fennel  and  badian  are  found  by 
Cahours  to  be  absolutely  identical  with  that  of  anise.  The 
concrete  essence  of  anise  is  not  affected  by  alkalies,  in  which 
respect  it  differs  from  camphor,  the  solid  essence  of  cedar,  oil  of 
mint  and  certain  other  essences. 

OU  of  bitter  fennel  consists  principally  of  two  oils,  one  pos- 
aessing  the  composition  of  the  concrete  essence  of  anise ;  and 
the  other  and  more  volatile  oil  which  is  much  more  difficult  to 
purify,  appearing  to  correspond  in  composition  with  essence  of 
lemons  and  turpentine,  but  perhaps  with  a  different  state  of 
condensation.  The  more  volatile  portion,  when  exposed  to  a 
alow  stream  oi  deutoxide  of  nitrogen,  becomes  thick  and  turbid. 
and  alcohol  then  throws  down  from  it  a  white  silky  matter,  of 
which  the  composition  is  C,5H,3Ng04.     (Cahours.) 

OU  qf  hyssop  from  the  Hyssopus  officinalis,  begins  to  boil  at 
S68%  but  its  boiling  point  rises  to  325^  It  is  a  mixture  of 
aeveral  oils,  one  of  which  probably  contains  no  oxygen,  as  by 
repeated  rectification  of  a  portion  of  the  oil  containing  9  per 
oent  of  oxygen  with  fused  potash,  the  quantity  of  oxygen  was 
reduced  to  1}  per  cent,  the  greater  part  of  the  oxygenated  oil 
being  converted  into  a  brownish  resin.     (Stenhouse.) 

Cajeput  oil,  CjoHgO,  is  obtained  from  the  leaves  of  the  Mela- 
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ieuca  leucadendron  of  tlie  Moluccas.     In  the  crude  state  i| 
green,  but  becomes  colourless  by  rectification. 

Oif  of  caraways^  eKtrac\jed  from  the  seeds  of  the  Ct^um  ca 
contains  two  different  oils,  one  of  wbicb  is  probably  a  bydi^ 
carbon  O^oelkel),  These  are  different  from  tlie  oils  of  the  Qi? 
minum  cymimumj  although  the  two  plants  belong  to  the  samt 
family. 

Oil  of  cummin  is  extracted  from  the  seeds  of  the  Cumimam 
cpmimum.  The  Roman  oil  was  found  by  M.M.  Gerbardt  mi 
X^ahours*  to  consist  of  two  oils-  One  of  these  oib  they  liate 
distinguished  as  cymene ;  it  is  a  hydrocarbon  C^^jH^^,  and  boill 
at  329^*.  The  other  contains  oxygen,  and  appears  to  be  ih 
hydruret  of  a  compound  radical  like  benzoyl,  which  may  if 
named  cumyL  Cymene  is  separated  by  dropping  the  essence 
into  hydrate  of  potash  in  a  state  of  fusion,  the  hydrocwioo 
distils  over,  and  the  hydruret  of  curayl  is  retained  by  the 
alkali  as  cuminic  acid.  The  known  compounds  of  eumyt  ut  m 
follows : 


Hydruret  of  cumylj  or  cuminol        .     C2oHnOj+  B 
Cutninic  acid  .         .         .         •     C2„H,,0|-f  O 

Chloride  of  cumyl  or  chloro-cuminol  CjoHuO^-f  CI 
Bromide  of  cumyl  or  bromo-cuminol  Cg^IIjiO^-f-Br 


Hydrated  cuminic  acid 


CaoHnOt-fOH^HO. 


Hydruret  of  cumyl  or  cuminol  is  a  colourless  or  yellMui^i 
liquid  of  a  strong  odour,  easily  altered  by  the  contact  of  oxygen 
when  heated.  Its  boiling  point  is  428"* ;  density  of  its  Tapoar 
by  experiment  5240,  by  calculation  5094,  its  combitiing  »ea* 
sure  being  supposed  four  volumes,  Cuminol  is  capable  rf 
uniting  with  hydrate  of  potash  at  the  ordinary  tem|)ejataiv 
without  the  evolution  of  hydrogen.  It  is  oxidated  and  ^oo- 
verted  into  cuminic  acid  by  direct  oxidation^  or  when  trcited 
with  caustic  alkali  in  which  case  hydrogen  is  evolved,  or  by  tbt 
action  of  sulphuric  acid  and  chromatc  of  potash.  This  acid, 
which  corresponds  with  benzoic  acid,  is  colourless,  crv^talhsei 

•  Kechpfche*  cliimJqm'*  «ur  let  liuUet  essetitidles.   An.   d*  Cbioi.  3»«  Si^* 
1 1,  p.  tiU. 


OIL  OF  PEPPERMINT.  8S>7 

m  pritipatic  -needles,  has  an  acid  burning  taste,  is  scarcelj 
loloble  in  water,  dissolves  easily  in  alcohol,  and  may  be  sub- 
limed. When  hydrated  cuminic  acid  is  distilled  with  4  part^  of 
ijiofltac  barytes,  it  yields  an  aromatic  colourless  liquid,  C^gHiy 
tilk:!l»liich  the  name  cumene  has  been  applied ;  it  boils  at  2910.2 
rl44*  oentig.)  Cumene  is  analogous  to  benzin  or  benzole ;  it 
iHHbJlswith  fuming  sulphuric  acid  sufyhocumenic  acidy  corres* 
ponding  .with  sulphobenzic  acid,  of  which  the  barytic  salt  is 
Bii^^ittlEzable.  With  nitric  add  it  forms  niiracumide,  ana- 
IwMifl  to  ni^t>benzide« 

^  *Vlf9iene  has  been  found  to  correspond  perfectly  in  density, 
tUffii^  point,  and  density  of  vapour  with  camphogen  from  cam- 
Inor^'and  is  believed  to  be  identical  with  it.  It  also  appears 
Ed  be'  isomeric  with  retinylene  from  the  distillation  of  resin.  It 
I8t^  a  sulphocfpnenic  acid. 

^^iiHimder  oU,  C^^Vi^fi^  (==3C4H^ +2BO.)  This  familiar  oil 
Bi  iihin,  colourless,  of  density  0.877* 

^' 6ti  of  peppermint  from  Mentha  piperita  is  pale  yellow,  and 
lighter  than  water.  It  contains  a  variable  proportion  of  stea- 
ropten,  so  much  as  sometimes  to  form  a  soUd  prismatic  crys- 
talline mass.  The  composition  of  the  elaopten  is  CqiHiqOq  ;  of 
the  stearopten  C^oH^oOg.  Phosphoric  acid  withdraws  two 
Atoms  of  water  from  the  last,  and  eliminates  a  liquid  hydro- 
carbon, whidi  M.  Walter  has  named  menthene,  CqqHis.  Dis- 
t3M  with  perchloride  of  phosphorus,  the  stearopten  also  gives 
chlorthmentheney  C^qHi'jCI.  Chlorine  is  absorbed  by  the  stea- 
ropten, and  two  different  chlorinated  compounds  formed.  By 
OMl  action  of  nitric  acid  a  liquid  acid  compound  is  produced, 
©loH^O,.  (P.  Walter,  An.  de  Chim.  kxii.  83.) 
'^Vlfof  cedar  {9olid),  Cg^HaeO^,  or  Cs3Ha4  +  2HO.  The  crude 
Ufttmce  as  obtained  from  the  cedar  wood  of  Virginia  is  a  soft 
^mtt  crystalline  mass,  which  after  being  deprived  of  water  by 
IHM  becomes  solid  at  80^.6  (27<'  centig.)  Distilled  by  a  sand- 
pat  heat,  it  comes  over  between  527  and  572*»  (275  and  300"*  cen- 
t^.),  and  separates  into  a  crystalline  substance  and  liquid  por- 
iflM.  The  soUd  essence,  purified  by  pressure  and  crystalli- 
9Mi<m  frt>m  alcohol  is  remarkable  for  its  beauty  and  lustre,  its 
cdbur  is  aromatic  and  peculiar,  suggesting  that  of  a  cedar-wood 
pencil.  It  fuses  at  165''.2  (74''  centig.),  and  boils  at  539^4 
(282*.  oentig.) ;  it  is  dissolved  very  slightly  by  water,  largely  by 
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hum  which  it  precipitates 
tsUiiie  needDes.      The  density   of 
nent  B4G0 ;  bf  ealcolatioii  8100,  mliow 
to  be  4  Tohunes. 

When  tbe  coiKrrete  essence  is  dssti 
pboric  add,  tbe  Utter  being  added  iif 
Tent  great  eleTation  of  teniperBtiire,  m 
C^H^i,  which  appears  to  be  the  hf  drd 
odour  is  aromatic  and  quite  peculia 
boiling  point  47^-4  (248*  centig.) ; 
79CX)  hy  experiment,  and  7^00  by 
combining  measure  to  be  4  Tolumes. 
eUoride  of  phosphoms  act  upon  cec 
Hie  liquid  essence  of  cedar,  obtained 
eirpression,  has  the  same  density  and 
(P.  Waher,  An.  de  Chim.  3  ser.  i.  4981 

(HI  o/roMtff  otto  or  attar  of  roses, 
intense  rose  odour^  lighter  than  mt 
is  inodorous,  separates  at  tlie  usdl 
pbles ;  it  fuses  at  9S^y  is  rery  slightl| 
contains  no  oxrgen,  but  is  a  polymeril 

Oi7  ofmentha  viridU  is,  according  ta 

Oil  of  rakri4m^  extracted  from  the  ' 
sista  of  a  hydrocarbon  and  oxidated  c 
treated  with  potash  in  fusion^  Talerianii 
extracted  from  the  root  of  valerian^  an 
the  action  of  potash  upon  tbe  oil  of  pa 

Oil  of  chamomile  is  extracted  from 
carta  ckamofmiia  ;  its  colour  is  deep  hi 
carbon  and  an  oxidated  'oit,  the  las 
potash  in  fusion  gives  Talerianic  a<! 
hours,)  Tlie  ArUhemU  m^biJiSy  Arni^ 
mtUeft^&nm^  yield  also  blue  coloured  oi 

OilofrueyC^H^fi^l  obtained  by  < 
the  Ruia  praveoleng;  isyellavrish  grte 
(18*  centig.) ;  density  of  vapour  by  e: 
lation  76£K>,  the  combining  measure 
is  soluble  in  sulphuric  acid,  and  is  pre 
chloric  acid  has  no  action  upon  il» 
Annalen,  xxxv.  235). 
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Fonnula:    CaoHigO^,  or  C^lli^+2llO.    This    essence    is 
bfoiight  tx)  Europe  chiefly  from  Japan  ;  it  is  obtained  by  dis- 
tilling the  wood  of  the  Laurus  camphora  along  with  water,  and  is 
Vffined  by  a  second  sublimation.     It  is  in  white  translucent 
Ci7«talline  masses,  somewhat  tough,  but  easily  pulverised  when 
moiatened  with  alcohol ;  possessing  a  peculiar  taste  and  smell, 
and  may  be  obtained  in  brilliant  crystals  of  a  high  refracting 
power,  either  by  sublimation  or  from  solution  in  alcohol.     It 
floftts  upon  the  surface  of  water,  its  density  being  from  0.9857 
to^.0.997  5  fuses  at  347%  and  boils  at  399^.2  (201*  centig.) ;  the 
doBsity  of  its  vapour  is  5317*     It  evaporates  at  the  usual  tem- 
perature, a  property   that  contributes   to  produce    the  lively 
aM>Tements  which  small  pieces  of  camphor  exhibit  upon  tlie 
anr&ce  of  pure  water.    Like  all  the  essential  and  fat  oils,  it  also 
poifsses  a  remarkable  tendency  to  diffuse  a  thin  film  of  its  sub- 
atance  over  the  surface  of  water,  the  result  of  a  kind  of  capillary 
attraction,  in  consequence  of  which  a  little  column  of  camphor 
liring  out  of  water  is  in  the  course  of  a  short  time  cut  across  at 
tile  surface  of  the  liquid.    The  detaching  of  the  substance  of  the 
aamphor  by  this  force  must  occasion  a  recoil,  which  appears  to 
ba  the  principal  cause  of  the  movements  of  a  floating  mass.  All 
aaorement  ceases  when  a  drop  of  any  oil  is  allowed  to  fall  upon 
and  diffuse  over  the  surface  of  the  water.     Camphor  is  easily 
kindled,  and  bums  with  a  white  flame.      It  is  but  slightly 
aaloble  in  water,  one  part  of  camphor  requiring  about  1000  parts 
of  water  to  dissolve  it  y  but  the  solution  has  the  taste  and  odour 
of  csamphor.    It  is  largely  dissolved  by  alcohol,  ether  and  oils. 
The  aolution  in  proof  spirit,  known  as  camphorated  spirit,  is 
precipitated  by  water.     Camphor  forms  liquid  compounds  with 
nitric  acid,  acetic  acid  and  hydrochloric  acid.     When  distilled 
vidi  anhydrous  phosphoric  acid  it  loses   2H0,  and   yields  a 
pore  hydrocarbon,  C^Hi4,  to  which  M.  Dumas  applied  tlie  name 
damphogen. 

Camphogen^  after  being  distilled  repeatedly  from  phosphoric 
acid,ia  a  colourless  liquid,  of  density  0.86  L  at  57^.2,  and  boiling 
at  347**.  The  density  of  its  vapour  is  by  experiment  4780;  by 
calculation  4697,  allowing  its  combining  measure  to  contain 
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4  volumes  (Delalande.)  Catnphogen  ei 
which  are  mixtures  of  a  liquid  hydroc 
as  the  essence  of  cummin.  Camphogi 
resembles  benzin  or  benzole  and  napt 

H^posutphO'Camphic  acid^  HO+' 
when  camphogen  is  heated  on  a  wate^ 
of  fuming  sulphuric  acid ;  the  camphq 
evolution  of  sulphurous  acid,  and  an  I 
to  hyposulphobenzic  acid,  which  fornoj 
Hypomlpho-camphate  of  lead  crystallil 
contain  4  atoms  of  water  of  crystallii 
-f  4  H  O  ;  but  are  made  anhydrous  by  a 
salt  of  baryiea  is  similar  in  constitil 
salt  of  lime  are  remarkable  for  their , 
impression  is  very  disagreeably  bitter^ 
or  two  into  a  sweet  and  sugary  ta( 
liquorice. 

Camphogen  also  forms  a  white  crya 
acted  upon  by  fuming  nitric  acid,  (t 
3  se'r,  i,  368). 

Camphoric  ori^  SHO-f  ^C^qH^Oj*- 
basic,  is  produced  by  long  digestion  { 
camphor  \^^th  nitric  acid  ;  and  is  divei 
by  uniting  it  with  potash^  and  decon 
acid*  It  forms  prismatic  crystals,  if 
very  sour  taste;  fuses  at  145^4  (05o  1 
pungent  vapour.  It  sublimes  partial 
It  is  indifferently  soluble  in  water,  i 
alcohol. 

Camphoric  acid  forms  a  neutral  aii 
the  former  contains  3  atoms  of  oxidl 
latter  2  atoms  of  the  same  with  I  atom 

Acid  camphorate  of  oxide  of  ethyl  i| 
acid;  alcohol  and  sulphuric  acid  are  i 
separated  by  the  addition  of  water.  , 
bibasic  camphoric  acid,  of  which  the  foi 
vn.t\i  1  atom  of  oxide  of  ethyl  and  I  at03 
water  can  be  replaced  by  fixed  bases,  H 
formed.     By  boihng  the  acid  camphon 
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water^  it  is  resolved  into  tribasic  camphoric  acid,  and  neutral 
eamphorate  of  oxide  ofethyly  2EO  +  C2oH,40g.     (Malaguti). 

The  matter  considered  as  anhydrous  camphoric  acid,  CjoH^Oj, 
18  obtained  pure  by  crystallizing  in  alcohol  the  product  of  the 
distillation  of  camphoric  acid.  It  forms  long  flat  colourless 
prisms,  which  are  tasteless  and  insoluble  in  water.  By  continued 
,lK>iling  in  water  this  substance  is  dissolved,  and  then  appears  as 
Ae  hydrated  tribasic  acid.     (Laurent). 

Liquid  camphor y  C^H,gO  ;  the  elaopten  of  the  oil  of  cam- 
phor of  commerce.  With  the  same  proportions  of  carbon  and 
liydfogen  as  solid  camphor,  it  contains  only  half  as  much 
oxygen.  The  density  of  the  pure  oil  is  0.91,  its  boiling  point 
.  above  212^ 

CamphoUc  acid,  HO  +  CjoHiyOa.  The  vapour  of  camphor 
ia  entirely  absorbed  by  a  dry  mixture  of  hydrate  of  potash  and 
lime,  between  300  and  400°  centig.,  without  the  disengagement 
of  any  gas,  and  campholate  of  potash  formed.  This  acid  has 
tbe  consistence  of  camphor,  is  insoluble  in  water,  and  easily 
saturates  bases;  it  is  camphor  plus  2HO.  (Delalande,  Ann. 
de  Chim.  etc.  3  s6t.  i.  120.)  CamphoUc  acid,  distilled  with 
anhydrous  phosphoric  acid  yields  a  hydrocarbon,  C,gH,Q,=4 
Tolumes  of  vapour.     (Delalande.) 

Camphrone^  C20H21O;  was  obtained  by  M.  Fremy,  by 
dropping  fragments  of  camphor  into  a  porcelain  tube  contain- 
ing quicklime  heated  to  redness.  It  is  a  light  oil,  boiling  at  iG7S 
soluble  in  alcohol  and  ether  but  insoluble  in  water. 

C.  ESSENTIAL  OILS   CONTAINING   SULPHUR. 

Volatile  oil  ofmustardj  CgH^NS^.  Both  black  and  white  mus- 
tard seeds  yield  a  fat  oil  by  expression.  The  black  seed,  when 
distilled  with  water,  gives  a  remarkable  volatile  oil,  which  is  not 
contained  in  the  seed,  but  is  the  result  of  the  reciprocal  action 
of  water  and  an  albuminous  substance  in  the  seed,  named 
mjfrozine  by  Bussy,  upon  another  crystallizable  principle  ia  it, 
myronie  acid,  which  is  soluble  in  water,  and  appears  to  be  an 
acid,  although  little  is  known  respecting  it.  This  oil  is  the 
cause  of  the  acridity  of  black  mustard.  The  application  of 
boiling  water  to  the  mustard,  of  alcohol,  acids  or  alkalies,  which 
coagulate  the  albuminous  body,  prevent  the  formation  of  the 
volatile  oil. 

This  volatile  oil  is  colourless,  heavier  than  vfatet)  ot  «b  \j«isv- 
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ghinia  madagascarierms^  the  last  highly  poisonous,  but  none  of 
them  has  been  fully  investigated. 

Caoutchouc,  or  Indian  rubber  is  the  dried  milky  juice  of 
several  trees  which  grow  in  South  America  and  tlie  East  Indies. 
Hie  fresh  juice  was  found  by  Mr.  Faraday  to  contain  in  100 
parts,  31.7  of  caoutchouc,  1.9  of  vegetable  albumen,  a  trace  of 
wax,  7*13  of  an  azotised  substance,  bitter,  soluble  of  a  brown 
colour  in  water  and  alcohol,  and  precipitable  1>y  nitrate  of  lead» 
2.9  of  a  substance  soluble  in  water,  but  insoluble  in  alcohol,  and 
£6^7  parts  of  water  containing  in  solution  a  small  quantity  of 
m  free  acid,  which  precipitated  nitrate  of  lead  and  coloured  per* 
salts  of  iron  green  without  precipitating  them.  These  subs- 
tances are  dried  and  included  in  common  caoutchouc,  of  which 
the  density  is  0.9335.  Pure  caoutchouc  carefully  prepared 
firom  tlie  milk  is  of  density  0.925,  transparent  and  colourless, 
or  of  a  light  yellowish  tint  in  mass.  It  contains  no  oxygen,  but 
in  100  parts  87.5  carbon  and  12.5  hydrogen,  which  are  nearly 
in  the  proportion  of  Cglly  (Faraday). 

Caoutchouc  is  remarkable  for  its  extraordinary  elasticity,  and 
its  application  to  remove  marks  of  black  lead  pencil  from  paper. 
It  is  soluble  in   pure  ether;   a  small  bag  of  caoutchouc  left 
in  common   ether    for  twenty    four    hours    is   softened,    and 
may  then  be  greatly  expanded  by    gradually  inflating  it,   so 
as   to   become  light  enough  to  ascend  in    the  air  when  filled 
with  hydrogen    gas    (Miti^hell).      Caoutchouc    when  cut    into 
small  pieces  and  well  dried  at  230%  is  dissolved  by  rectified 
petroleum,  and  by  the  rectified  oils  from  tar ;  solutions  which 
are  extensively  used  as  caoutchouc  varnish.     Caoutchouc  also 
dissolves  in  the  volatile  and  fat  oils,  but  loses  its  elasticity  in  the 
latter.     Oil  of  turpentine  is  often  used  in  the  preparation  of 
caoutchouc  varnish  ;  to  dissolve  the  caoutchouc,  it  is  said,  afler 
it  is   softened   and    expanded    by   the   naphtha.      To   render 
doth  air  and  waterproof,  Mr.  C.  Macintosh  first  applied  several 
coats  of  this  varnish  to  one  side  of  cotton  or  woollen  cloth,  and 
then  bringing  the  varnished    surfaces  of  two  ^  pieces  together, 
passed  the  double  cloth  between  heavy  rollers,  by  which  the 
two  pieces  are  made  to  adhere,  and  the  intersticial  spaces  are 
completely  filled  up.     The  sheet  caoutchouc  used  by  chemists 
is  obtained  by  sawing  off  a  thin  slice  from  a  solid  block  of  the 
material.     In  forming  short  connecting  tubes  of  it,  the  sheet 
should  be  folded  round  the  glass   tube  it  is   to  fit,  and  the 
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C90H15 + H,  wWch,  like  the  hydruret  of  acetyl  in  defiant  gas  is  ca- 
pid>le  of  combining  directly  with  hydrochloric  acid^  and  forming 
m  doable  hydmret,  C^Hj5  +  HCl,  or  artificial  camphor.  The 
•Mme  hydruret  is  converted  into  the  resin  of  turpentine  by  the 
:  oxidation  and  replacement  of  its  atom  of  hydrogen  by  an 
ttom  of  oxygen^  making  C^qHi^  +  O,  and  the  absorption  of  an  ad- 
;ditional  atom  of  oxygen  by  this  compound,  making  C^oHi^Og. 

'  Erery  natural  resin  is  a  mixture  of  several  resins,  quite  as 
ite  essential  oils  are  mixtures.  They  are  separated  firom  each 
odier  by  their  unequal  solubility  in  hot  or  cold  alcohol,  in 
edier,  in  potash  and  carbonate  of  potash,  or  the  different  solu- 
InEties  of  their  compounds  with  metallic  oxides  in  these  and 
'Other  menstrua.    M.  Unverdorben,  who  first  threw  light  on  the 

composition  of  the  natural  resins,  separated  from  some,  five  and 
-  more  resins,  all  quite  distinct  substances.     They  are  heavier 

than  water,    and    become  negatively   electrical  when  rubbed. 

Some  of  them  which  are  slightly  soluble  in  water,  have  a  bitter 

taste,  but  most  of  them  are  quite  insoluble  in  water,  and  taste- 
^less.  They  are  fusible  by  a  temperature  above  212%  and  are 
.decomposed  by  a  strong  heat.     Many  resins,  when  dissolved, 

redden  litmus,  combine  with  bases  and  possess  all  the  cha- 
.^nctera  of  acids;  some  even  decompose  alkaline  carbonates. 

.p^faers  are  neutral,  and  do  not  combine  with  bases.     A  large 

jouunber  of  the  resins  have  been  examined  and  analysed  by  Pro- 
^fkfMOT  Johnston,  to  whose  memoirs  on  the  resins  contained  in 
^t)ie  late  volumes  of  the  Philosophical  Transactions,  I  must  refer 
.  ^  information  respecting  individual  resins. 

i 

Amber  is  found  in  beds  of  wood-coal,  and  appears  to  be 
altered  resin  of  the  trees.  It  is  a  brittle,  hard  substance,  usu- 
,  ally  nearly  transparent,  sometimes  almost  colourless,  but  com- 
•  nonly  yellow  or  even  deep  brown,  and  often  includes  insects. 
Its  density  is  1 .065.  Amber  is  insoluble  in  water,  alcohol  dis- 
solves about  one-eighth  of  it,  refusing  to  dissolve  the  rest.  Al- 
kalies also  act  only  partially  on  amber.  About  10  per  cent  of 
amber  is  insoluble  in  ether;  what  remains  dissolves  in  oil  of 
turpentine  and  naphtha.  Amber  thus  appears  to  be  a  mixture 
of  resins  and  a  bitumen.  It  contains  also  succinic  acid,  which 
IS  obtained  firom  it  by  dry  distillation. 
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RESINOUS  VARNISH 


Tamidies  are  made  by  dissolTiiig  ra 
turpentine,  or  in  a  mixture  of  oil  of  toi 
These  solutions,  when  spread  upon  a 
leaTe  it  covered  by  a  thin  coating  q{ 
the  brittleness  of  8{Mrit  Tarnishes,  a  \ 
turpentine  is  added,  which  gives  the  coa 
tenacity,  or  a  little  linseed  oil,  either  a 
turpentine. 

The  least  coloured  vamish  is  that  firoi 
rally  prepared  by  rndtuig  that  resin,  m 
little  drying  oil,  and  adding  gradually  t 
pentine,in  quantity  equal  to  the  resin. 

Lac  varnish  or  lacker  q>plied  to  artid 
heating  together : 

8  parts  of  shell  he 
4  parts  of  sandaiach 
1  part  of  Venice  turpi 
4  parts  of  pounded  ^ 
60  parts  of  alcohoL 

The  use  of  the  pounded  glass  is  simp 
of  the  pounded  resin  by  preventing  it  fr 
mass,  or  sticking  to  the  bottom  of  the  v< 
lent  varnish,  but  has  a  brown  colour. 

The  varnish  usually  employed  to  co^ 
and  engravings,  is  made  of  : 

24  parts  of  mastich 
3  parts  of  Venice  turp 
1  part  of  camphor 
10  parts  of  pounded  ^la 
72  parts  of  oil  of  turper 

The  paper  ought  to  be  covered  by  a  s 
dried,  before  the  apphcation  ofthisvarnis 
sink  into  the  paper,  and  make  it  transpar 
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GUM  RESINS. 

Many  plants  afford  a  milky  juice  when  cut  or  pierced^  such  as  the 
dandelion  and  poppy,  which  when  exposed  to  the  atmosphere, 
becomes  solid,  and  assumes  different  appearances,  according  to 
the  plant  from  which  it  is  derived.  These  concrete  juices  form 
die  gum- resins,  which  are  important  from  their  applications  in 
medicine.  They  are  essentially  mixtures  of  resins  with  gum 
and  an  essential  oil.  They  form  a  milky  liquid  or  emulsion 
with  water,  the  gum  only  dissolving,  while  the  resin  and  oil 
remain  in  suspension  together  with  various  other  matters  with 
which  they  may  be  accompanied.  Alcohol  dissolves  only  a 
portion  of  them ;  but  dilute  alcohol  is  their  best  solvent,  as  it 
takes  up  both  the  gum  and  resin.  The  dilute  alkalies  dissolve 
tbem  completely,  leaving  nothing  but  foreign  matter.  In  their 
number  are,  ammoniac,  galbanum,  assafoetida,  olibanum,  myrrh, 
euphorbium,  bdellium,  aloes,  scammony,  gamboge,  opium, 
lactucarium,  upas,  and  many  others.  Very  few  of  them  have 
much  chemical  interest,  and  their  treatment  properly  belongs  to 
pharmacy. 

The  resinous  acids  produced  by  the  action  of  nitric  acid  on 
alQf»  have  lately  been  studied  by  Mr.  £•  Schunk;  they  are 
remarkable  for  their  splendid  red  and  yellow  colours,  and  form 
well  crystallized  salts.  They  are  chrysolepinic  acidy  HO+ 
C19H2N3O13;  chrysamminic  actdy  HO  +  CigHN^O,^-;  with 
ahetwic  and  aloererinic  adds.  (liebig's  Annalen,  xxxix.  1.) 

CHLOROPHYL. 

This  name  is  applied  to  the  green  colouring  matter  of  leaves 
mnd  plants  in  general,  which  is  observed  floating  in  their  cells  in 
the  form  of  green  globules.  Ether  dissolves  the  colouring 
matter  of  these  globules,  leaving  a  colourless  substance,  of 
which  the  nature  is  unknown.  Chloropliyl  is  prepared  by  di- 
gesting fresh  green  leaves  in  ether,  distilling  off  the  latter, 
digesting  the  green  residue  in  alcohol  which  dissolves  it,  dis- 
tilUng  to  dryness,  and  then  digesting  the  chlorophyl  in  conoen- 
timted  hydrochloric  acid.  The  fine  emerald  green  solution  in 
thftt  add  is  precipitated  by  dilution  with  water.  The  predpi* 
tified  chlorophyl  is  again  digested  in  a  concentrated  solution  of 
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potash^  and  dissolved  by  the  addition  of  water.  On  saturating 
the  last  solution  after  filtration,  with  acetic  acid,  chlorophyl 
precipitates  pure,  in  the  condition  of  beautiful  green  flocks* 

Chlorophyl  forms,  when  dried,  a  bluish  green  mass,  not 
fusible,  insoluble  in  water,  but  dissolving  of  a  fine  green  colour 
in  alcohol,  ether,  concentrated  sulphuric  and  hydrochloric  addsi 
and  precipitated  from  these  solutions  by  water.  Its  solution  in 
alkali  is  green^  precipitated  by  acida  and  not  by  water.  Chlo- 
rine converts  it  first  into  a  yellow  sulistance,  afterwards  into  a 
colourless  fatty  matter.  Chlorophyl  is  intermediate  in  iU  pco- 
perties  between  a  fat  and  a  resin.  Exposed  to  the  light  of  thu 
sun,  it  becomes  yellow,  and  is  probably  then  identical  willj 
waiUhophyl^  the  colouring  matter  of  yellow  leaves  in  autumn. 

CLASS    II. 
CONSTITCENTS  OF  PARTICULAR  PLANTS,  OR  FAMILIES  OF  PLAKR. 


PIPERIX. 

Formula,  C^^Hu^NO^  (Reguault)* 

This  is  a  cry staliiz able  principle  in  both  white  and  black  pep* 
per  first  observed  by  M.  Oersted  j  but  not  the  cause  uf  the  acri- 
mony of  pepper,  which  is  due  to  a  peculiar  soft  resin  Pepper  ii 
exhausted  by  means  of  hot  alcohol,  the  solution  distilled  to  the 
condition  of  anextract,  and  that  mixed  with  dilute  alkaU,  by  viiidt 
the  acrid  resin  is  taken  up,  and  the  piperin  left  undisftolvvd  isi 
greenish  powder,  to  be  purified  by  repeated  crystallization  from 
alcohol. 

Piperin  forms  rhomboidal  prispis,  of  which  the  angkt  arr 
85*,40'  and  Dl'^^SO',  colourless,  tasteless,  inodorous,  fiisiUe  it 
SI:?'',  not  volatile.  It  is  scarcely  soluble  in  water,  and  bat 
slightly  soluble  in  alcohol ;  in  cold  sulphuric  add  it  dbsoli^ 
of  a  deep  red  colour. 

ASPARAGLV. 

Formula,  C8H7N505  +  2HO* 

A  crystal lizable  substance,  first  obtained  by  Vauquelin  wd 
Robiquet,  in  the  juice  of  asparagus  ;  it  exists  also  in  potatflttt 
liquorice  root^  and  particularly  in  the  root  of  Jlihea  oj 
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marsh-mallow,  from  which  last  it  is  generally  prepared.  The 
root  is  exhausted  by  means  of  cold  water,  the  solution  concen* 
trated  by  evaporation,  and  left  for  a  long  time  in  a  cool  place, 
for  the  crystallization  of  the  asparagin.  It  forms  pretty  large, 
colourless,  octahedral  crystals,  of  a  weak  taste,  soluble  in  53 
parts  of  cold  water,  insoluble  in  absolute  alcohol,  but  more 
soluble  in  rectified  spirits  of  wine  than  in  water.  These  cry»> 
tab  lose  12.13  per  cent  of  water  at  194^ 

Heated  with  acid  or  alkaline  solutions,  asparagin  is  resolved 
into  ammonia  and  aspartic  acid,  conducting  itself  thus  like  an 
amide.  Heated  with  water  alone,  under  pressure,  above  212% 
asparagin  is  converted  into  the  aspartate  of  ammonia,  by  the 
assumption  of  1  atom  of  water,  llie  formula  of  anhydrous 
asparamide  is  CgHgNOg+NH^. 

Aspartic  acidj  HO  +  CgH^NOg;  crystallizes  in  thin  plates, 
slighdy  soluble  in  water,  and  possessed  of  weak  acid  powers.^ 

SANTONIN. 

A  crystallizable  substance,  obtained  by  Koehler  and  by  Alms 
from  the  seeds  of  Artemisia  santonicay  or  southernwood.  It 
ia  colourless  and  destitute  of  smell,  requires  between  4  and  500 
times  its  weight  of  cold,  and  250  times  its  weight  of  boiling 
water  to  dissolve  it.  It  fuses  about  276"*  without  loss 
of  weight.  The  solution  of  santonin  in  alcohol  reddens 
fitmus,  but  its  acid  powers  are  weak.  Its  compound  with 
potash,  which  has  been  named  the  santonate  of  potash,  is 
decomposed  when  its  solution  is  boiled  for  a  few  minutes,  and 
the  santonin  deposited  in  crystals  when  the  solution  cools. 
It  may  be  combined  with  other  bases,  but  not  without  the 
agency  of  alcohol.  Its  analysis  gave  C5H3O,  but  its  atomic 
weight  is  supposed  to  be  twelve  times  as  high  (Liebig).t 

ESCULIN. 

This  substance  is  derived,  by  means  of  hot  alcohol,  from  the 
chesnut-tree,  ash,  and  probably  other  barks.  It  is  in  thin 
colourless  plates,  or  a  white  powder,  of  a  weak  bitter  taste,  not 
fusible  without  decomposition.      It  is  sparingly  soluble  in  cold 

*  WUutock  in  PoggendorfTs  Anoalen,  xx,  346. 
t  Trotusdorff  JuD. ;  Liebig*ft  Annalcn,  xi,  190. 


CAFFEIN.  911 

lion^  the  liquid  is  concentrated  by  evaporation;  the  caffein 
crystallizes  on  cooling,  and  is  purified  by  a  second  crystallisa- 
tion. It  may  be  obtained  by  boiling  tea-leaves  in  water,  filtering 
and  proceeding  precisely  as  with  coffee,  and  also  firom  guarana. 
It  is  snow-white,  and  in  fine  needles,  having  a  silky  lustre, 
which  have  a  very  weak  bitter  taste ;  does  not  act  upon  vege- 
table colours,  and  is  sparingly  soluble  in  cold  water  and  alcohol. 
It  loses  8  per  cent  of  water  at  212%  fuses  at  352**  (178*  centig.), 
and  sublimes  at  725®  (385®  centig.).  From  its  solution  it  is 
precipitated  only  by  tannin.  Boiled  in  a  solution  of  caustic 
potash,  it  is  resolved  into  carbonic  acid,  formic  acid  and  am- 
monia. With  sulphuric  acid  and  hydrochloric  acid,  it  forms 
crystalline  compounds.  According  to  the  analysis  of  Liebig, 
crystallized  caffein  consists  of  CgHsNaOa+HO.  The  quantity 
of  this  substance  in  different  Idnds  of  coffee  was  found  by 
MM.  Robiquet  and  Boutron  to  vary ;  Martinique  coffee  con- 
taining 6.4  per  cent,  and  St.  Domingo  coffee  only  3.2  per  cent 
of  caffein.  It  is  evidently  not  the  principle  upon  which  the 
peculiar  properties  of  either  coffee  or  tea  depend. 

Caffeic  add  was  discovered  in  coffee  by  Runge.  It  is  a  white 
powder,  which  yields,  when  heated,  the  characteristic  aromatic 
odour  of  roasted  coffee. 

Ccumarin  is  a  neutral  substance,  extracted  from  the  Tonka 
bean,  the  fruit  of  the  Coumarouna  odorata^  and  the  flowers  of 
the  melilot,  Meliloius  officinalis,  which  crystallizes  in  silky 
needles,  or  short  prisms.  Its  composition  according  tQ  M. 
Henry  is  CjoHjO,. 

Hesperidiuj  a  crystalline  substance,  obtained  by  M.  Liebreton 
from  the  skin  of  the  unripe  orange  or  lemon. 

Populin,  found  by  Braconnot,  in  the  bark  of  the  Populus 
iremuloy  where  it  is  acompanied  by  salicin.  It  crystallizes  in 
snow-white  silky  needles,  has  a  sweet  taste,  not  unlike  that  of 
liquorice,  requires  about  2000  times  its  weight  of  cold  water  to 
dissolve  it,  but  dissolves  in  about  70  times  its  weight  of  boiling 
water.* 

Plumbaginy  discovered  in  the  root  of  the  Plumbago  europea. 

Daphnin^  extracted  by  Gmelin  and  Baer  from  the  bark  of  the 
Daphne  mezeriumy  or  common  mezerion.  It  is  crystalline, 
colourless,  but  Uttle  soluble  in  cold  water,  soluble  in  alcohol 

•  Ann.  de  Chim.  et  df  PhyR.  t  44,  p.  296. 


«id  c&cE.    KitJic  acid  oonrerts  it  into  oxalic  mad.     It  n  om* 
Gindiii  and  Baer  as  a  bodf  anakipHis    to   ift- 
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WbcB  fireah  |>jhim  fiom  wbealeii  flower  is  digested  in  h^ 
JcBJinlj  tii  everftUng  aoluUe  is  taken  up,  ve^etaMe  aUmmm 
ia  kfty  of  a  pnefiali  ooloar*  It  is  aolaible  in  water,  and  is  eoago^ 
lafeed  br  hak,  tiMoioMe  in  aloobol  and  ether,  and  agrees 
fctUi  in  properties  with  aiutnal  allKimen. 

BacBmiot  uhseiiud  a  peculiar  prtnople  in  the  fleshy  i 
dotts  of  tlie  seeds  of  papilianaeeoas  plants^  to  wliidi  he  gsfe 
Ike  natne  liyasiia.  Ripe  peas,  softened  with  water  ami  redaecd 
iompalpy  g^rej  when  mixed  with  pure  water,  a  milky  fiqifldf 
precipitated,  and  whic^  retained  legimira  in 
aeesainglj  combined  widi  a  Te^etible  aetd.  When 
by  heat,  the  solution  do^  not  coagulate,  hot  depo- 
E  tfio  JegMJii  by  little  and  little,  under  the  form  of  diaplki- 
It  is  pvrified  by  washing  it,  while  still  mrn^ 
It  then  has  a  tine  white  coloidr,  and 
Mtmns  paper.  Lefumin  is  soluble  in  water^ 
but  inaolaUe  in  aloohoL  It  dissolves  rery  readily  in  acetic^ 
oxalic,  eitfic  and  olber  vegetable  acids,  but  is  pfocif '  *  "root 
aofailioD,  on  Ae  ooatiary,  by  the  mineral  acids,  whic  ^m 

sparingly  soluble  compoiinds  with  legumim  Alkaline  hydntffi 
and  carbonates  abo  dissohre  it  with  facility,  and  the  soliitieiif 
notn  nke  a  soap* 

M*  Laebig  has  lately  made  the  interesting  obsenrat: 
legumin   is  identical  in   properties  with  the  animal   pntinptr 
caaeia,  and  has  die  same  composition.     It  is  abo  acrmnpatiid 
by  the  same  salts,  namely  potash,  phosphate  of  potash,  Ug^ 
nesia,  time  and  oxide  of  iron,  as  the  casein  of  milk* 

KEUnUL  CX)LOUllKG  MATTERS. 

IliDIGO. 

Formola  of  blue  indigo^  Ci^H^NO^.  (Cnim,  Domas). 

This  important  ootoming  matter  exists  in  the  leaver  of  aO  the 
spocios  of  the  ImSgofara,  It  is  obtained  also  from  Ntrmm  Ifii^ 
/sriaai,  and  in  small  quantity  from  Isatis  tindoria  (pastel  Cf 
woa<i)y  and  ranous  oUier  plants.     In  lodia,  the  indigofcfa  plao^ 
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are  cat  before  flowering,  and  allowed  to  steep  for  nine  or  twelre 
hours  in  a  vat,  covered  with  water^  in  which  fermentation 
oocoTs  with  the  evolution  of  carbonic  acid  and  hydrogen  gas. 
A  yellow  coloured  liquor  is  drawn  off  into  another  vat,  in  which 
k  is  beat  and  stirred  till  it  acquires  a  blue  colour,  and  the  indigo 
precipitates.  It  is  then  drained  on  calico,  placed  on  proper 
frames,  and  strongly  pressed  by  means  of  screws,  cut  into 
oalses  of  the  proper  sise,  and  dried.*  The  plant  thus  appears 
to  contain  the  indigo  in  a  very  different  state  from  that  in 
which  it  is  ultimately  obtained.  It  is  not  certain  that  it  can  be 
extracted  from  the  indigofera  without  fermentation  ;  but  Che-> 
TTBol  has  shown  that  it  may  be  extracted  from  pastel,  by  treating 
t)ie  latter  with  hot  water  free  from  oxygen,  and  that  the  yellow 
solution  thus  obtained  became  blue,  and  deposited  indigo. 

The  indigo  of  commerce  is  of  a  deep  blue,  inclining  to  black ; 
Ha  fracture  is  earthy  and  dull,  but  becomes  of  a  coppery  red 
^hen  rubbed  witli  a  hard  body,  and  the  more  brilliant  and  like 
Wpper  the  colour  developed  by  friction,  the  purer  is  the  indigo 
•pnsidered.  It  is  far  from  being  a  pure  substance,  rarely  con- 
taining half  its  weight  of  blue  colouring  matter,  and  often  much 
less.  Berselius  separated  from  it;  I,  gluten  of  imdigo^  by 
digesting  indigo  in  fine  powder  with  a  dilute  acid,  which  also 
dissolves  some  salts  of  lime  and  magnesia ;  2,  a  principle  which 
he  has  named  indigo  brounij  by  means  of  a  concentrated  solution 
of  caustic  potash  gently  heated;  and  3,  indigo  redj  by  afterwards 
boiling  the  indigo  repeatedly  with  alcohol  of  density  0.830. 
Indigo  blue  remains^  but  is  not  yet  absolutely  free  from  foreign 
mutter* 

To  obtain  it  pure,  recourse  is  had  to  the  solution  of  indigo 
in  the  ordinary  indigo  vat,  or  the  indigo  purified  by  the  pre- 
oeding  processes  may  be  dissolved  by  imitating  on  a  small  scale 
the  preparation  of  the  dyer.  One  part  of  indigo  in  an  impal- 
pable powder  and  2  parts  of  quick-lime,  recently  slaked,  are 
mixed,  and  introduced  into  a  well  stopt  bottle  with  about  150 
parts  of  water.  To  this  is  then  added  two  thirds  of  the  weight 
of  the  lime  of  crystallized  protosulphate  of  iron  in  fine  powder, 
or  dissolved  in  a  small  quantity  of  hot  water.  The  bottle  then 
being  completely  ftdl  and  well  closed,  is  agitated  occasionally 

*  Dr.  ThomiOD's  Organic  Chemistry,  VegeUbles,  p.  369. 
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for  several  hours,  and  kept  in  a  warm  place  till  the  sDpefnnHi 
liquor  acquires  a  yellow  colour.  The  protoxide  of  iron  precif^ 
tated  by  the  lime  becomes  peroxide,  taking  oxygen  from  tin 
blue  indigo,  which  in  this  altered  state  forms  a  comjxmnd  trilh 
the  lime,  soluble  in  water.  When  the  yellow  solution  of  tik 
compound  is  poured  out  or  exposed  to  air,  it  rapidly  b€Oi|^H 
blue  from  the  absorption  of  oxygen,  the  indigo  loses  its  soluhmP 
and  precipitates.  In  the  usual  process  of  dyeing,  the  tndigo  in 
fixed  by  dipping  the  yarn  or  cloth  in  the  same  solatMMH  of 
indigo*  and  then  exposing  it  to  air ;  the  indigo  thus  penetratea 
into  the  cloth  in  a  soluble  state,  and  is  rendcrc5d  insoluble 
afterwards  by  oxidation  within  its  substance,  so  that  it  canmit 
afterwards  be  washed  out.  The  sediment  in  tlie  bottle  yiekk 
more  soluble  indigo,  when  agitated  agmn  with  pore  wmte 
slightly  heated,  or  with  lime-water.  The  yellow  solutiona  wrt 
mixed  together  and  freely  exposed  to  air,  with  the  additioa  rf 
a  little  hydrochloric  acid  to  dissolve  the  salts  of  lime,  and  die 
blue  indigo  which  precipitates  is  collected,  washed  upon  a  fito 
and  dried.  It  is  afterwards  washed  with  boihng  alcohol 
M.  Dumas  to  take  up  the  indiffo  red  of  Berzelius. 

The  puriBed  indigo,  when  dry,  is  of  a  deep  blue,  wHtli  a  si 
of  violet,  and  when  rubbed,  exhibits  a  strong  copper  red 
and  metallic  lustre.     It  is  tasteless,  inodorous,  insolubk  io 
water,  alcohol,  ether,   and  not  affected  by  alkalies  or  dilulad 
acids.     When  heated  to  about  55i)'\  it  fuses  (Crtlra),  and  at 
^ame  time  emits  a  beautiful  purple  red  vapour  and 
condensing  in  small  copper-coloured  prisms,  h  ^  aj 

partially  decomposed  at  the  same  time*      To  ob>  *.•  bci«* 

tiful  appearance  of  sublimed  indigo^  ten  or  twenty  grajos  nf 
good  indigo  in  powder  may  be  put  upon  a  pretty  thick  sheet  of 
iron  or  copper,  pressed  flat  and  then  covered  by  the  hd  of  a 
platinum  or  porcelain  crucible,  tv^^o  or  tliree  inches  in  diainctiTt 
while  the  plate  is  heated  sharply  by  placing  it  over  a  lamp  or 
chotfer*  On  raising  the  cover,  after  the  plate  is  eooU  the  chanai 
mass  will  be  found  entirely  covered  by  copper-coloorcd 
Their  density  is  1,35.  Blue  indigo  was  carefully 
Mr.  Crum,*  and  repeatedly  by  M»  Dumas,  whose  rasulla 
firm  the  original  determination  of  Mr.  Crum.f 

*  Thomion^a  Anaals  of  Philoiophy,  second  lerifs^  w,  S2. 

f  Dtinias,  Ann.  df^  Chim.  el  de  Pliy^  L  73>  p*  269  i  mil  S  air*  t^  >« >  SM. 
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White  ot  reduced  indigo  is  produced  by  the  action  upon  blue  in- 
of  deoxidating  bodies  of  all  kinds,  such  as  the  protoxides  of 
and  tin,  sulphites  and  phosphites  and  many  sulphurets, 
portioularly  the  sulphuret  of  arsenic  or  orpiment,  but  only  with 
concurrence  of  an  alkali  or  alkaline  earth,  which  may 
line  with  the  reduced  indigo.  On  neutralising  a  solution 
^  the  alkaline  compound  with  hydrochloric  acid,  carefully 
Oibluding  air,  the  reduced  indigo  is  tlirown  down  as  a  white 
IMecipitate,  flooculent,  and  composed  of  minute  •  crystalline 
llilles.  Carefully  dried  in  vacuo,  it  is  coherent,  of  a  greyish 
lA&bt  colour  and  silky  lustre  ;  in  the  dry  state  it  soon  becomes 
blue  iiuperficially  in  the  air,  but  requires  several  days  to  become 
iaiiroly  blue.  When  humid  or  dry,  it  is  tasteless,  inodorous, 
ftwduble  in  water,  soluble  in  alcohol  and  ether,  which  it 
Mlours  yellow;  but  it  is  soon  deposited  from  the  alcoholic 
ion  as  blue  indigo,  when  exposed  to  air.  White  indigo 
not  affect  litmus,  dissolves  in  alkalies  without  neutral- 
them,  and  has  not  marked  acid  characters,  although 
it'  combines  with  bases.  According  to  the  observations  of 
J>iiilia8,  the  conversion  of  white  into  blue  indigo  occurs  in  air 
witihout  any  change  of  weight,  or  there  is,  at  the  utmost  a  slight 
but  sensible  loss. 

'•'White  indigo  was  named  indigogen  by  Liebig,  and  blue 
[O  considered  the  oxide  of  that  radical.  M.  Dumas 
another  view  of  the  relation  between  these  bodies,  con* 
Mdering  white  indigo  not  as  deoxidised  blue  indigo,  but  blue 
iodigo  combined  with  an  atom  of  hydrogen,  and  forming  a 
Iqfdmret^  analogous  to  the  hydruret  of  benzoyl,  thus : 

White  indigo      .    Ci^H^NO^. 
Blue  indigo    .    .    Ci^H^NOj+H. 

in  llie  oxidation  of  indigo,  on  this  view,  water  is  formed  and 
M.  Dumas  still  adheres  to  this  view  in  his  late 
sir  on  indigo.  The  combustion  of  white  indigo  he  found 
to. be  easily  affected,  but  that  of  blue  indigo  is  attended  with 
diflEMSuhy,  so  as  to  leave  some  uncertainty  as  to  its  composition. 
According   to   M.    Erdmann,  the  formula  of  blue  indigo  is 

Action    qf  sulphuric  acid. — Indigo  combines  with  fuming 
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sulphuric  acid  or  oil  of  vitriol,  when  slightly  heated  lilBr 
that  acid  in  the  proportion  of  1  to  8,  without  any  e\  olation  erf 
sulphurous  acid,  and  forms  a  semi-fluid  mass,  popularly  known 
as  sulphate  of  indigo,  which  dissolves  in  a  considerable  qoantity 
of  water,  of  an  intense  blue  colour*  The  products  of  this  action 
were  first  examined  by  Mr.  Crum,  whose  results  form  the  btsis 
of  M,  Dumas'  later  investigations.  To  convert  blue  indigo 
into  mlphindylic  acid^  the  latter  chemist  recommends  the 
digestion  of  the  indigo  in  a  large  quantity,  not  less  than  15 
parts,  of  concentrated  oil  of  vitriol^  fur  three  days  in  a  bath 
maintained  at  a  temperature  of  120**  or  140*.  The  solution  b 
afterwards  diluted  with  water  and  filtered,  although  when  tbc« 
precautions  are  attended  to,  little  or  nothing  insoluble  remaaos 
on  the  filter.  To  the  Umpid  liquid  a  strong  solution  of  pure 
acetate  of  potash  is  added,  and  the  precipitate  which  hll9  is 
washed  with  acetate  of  potash,  in  which  salt  the  sulpbindyUte 
of  potash  is  insoluble  although  soluble  in  water;  the  aciftate  of 
potash  remaining  in  the  precipitate  is  got  rid  uf  by  dtlfustcig 
the  latter  through  a  quantity  of  ordinary  alcohol  and  filtrrnig 
again.  The  blue  matter  remaining  when  well  dried  at  'Ii^\ 
gave  by  analysis,  KO-f  CjgH^NOjSaOg;  conducting  to  tlie 
following  fornmla  for  hydrated  sulphindyhc  acid,  110  + 
CtgH^NOjS^Og-  Blue  indigo  thus  appears  to  lose  HO  in  the 
formation  of  sulphindyhc  acid*  Sul^ihopnrpuric  acid^  re^naitia 
upon  the  filter  in  the  preparation  of  sulphate  of  indigo,  whcu 
8  or  10  parts  only  of  sulphuric  acid  have  been  employed  to  1  of 
indigo.  It  is  drained,  and  washed  with  diluted  hydrochkinc 
acid,  till  the  washings  are  colourless  and  free  from  sulplmrk 
acid*  It  is  then  carefully  dried  about  3M*  (200*  centig.). 
This  purple  acid  gave  by  analysis,  C^^H^qN^O^-I-^SOj.  The 
sulphopurpurate  of  potash  is  obtained  by  dissolving  the  aad  ia 
water,  and  adding  acetate  of  potash  to  the  hquid ;  it  preeipitale 
in  purple  flocks,  which  should  be  washed  first  with  a  sololMn 
of  acetate  of  potash,  and  then  with  alcohol.  Ita  compofitiQii 
indicates  that  the  atom  of  indigo  Cjgll^NOj  takea  the  iaomofc 
state  C^2^io^^4'  ^^  constitute  sulphopurpuric  acid.  M.  Dtispii 
institutes  the  following  comparison  between  the  tnifigi] 
benzoyl  compounds : 
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.C1.H4NO,  Blue  indigo  CJHjO,  Bcnaoyl 

C^gHfNO^H  White  indigo  CmH,0,,H  Essence  of  bitter  almond* 

C^H^O^  Isatin  of  Laurent  CmH^O^  Salicyl 

•  CmHj04,H  Hydruret  of  salicyl. 

Action  of  fused  potash  on  indigo. — M.  Gerhardt  has  made 
file  carious  observation  that  when  blue  indigo  is  thrown  in  small 
Mrtions  into  fused  hydrate  of  potash,  that  body  dissolves  losing 
ml  colour,  disengaging  abundance  of  hydrogen  and  ammoniacal 
^M|^  and  leaving  as  a  fixed  residue  a  mixture  of  valerate  and 
Carbonate  of  potash.  The  reaction  takes  place  at  the  expense 
of  the  elements  of  water;  1  atom  of  indigo  with  14  atoms  of 
water  giving  1  atom  of  valerianic  acid^  6  atoms  of  carbonic  addi 
'i  atom  of  ammonia  and  6  atoms  of  hydrogen.  On  heating  the 
ialine  residue  slightly  with  sulphuric  acid^  valerianic  acid  is 
iiMained  in  large  quantity.  This  indeed  appears  to  be  the  most 
ll^igible  process  for  preparing  that  acid. 

'  Indigo  is  much  used  in  dyeing,  being  principally  applied  in 
l&ie  deoxidised  state,  and  forms  one  of  the  most  permanent 
ididours^  resisting  every  thing  except  chlorine  and  nitric  acid. 
In  the  form  of  sulphate  of  indigo,  it  is  used  for  Saxon  blue, 
which  is  much  less  permanent. 

AnUic  or  indigotic  acid,  HO+Ci^H^NOg  (Dumas);  is 
jfturmed  when  indigo  is  dissolved  in  nitric  acid  considerably 
diluted,  and  may  be  crystallized  by  concentration  of  the  liquid. 
Kt  forms  colourless  prisms,  of  a  sourish  bitter  taste,  fusible  and 
Volatile,  sparingly  soluble  in  water.  It  forms  cry staliizable  salts, 
^hich  detonate  feebly  when  heated.  The  formula  of  the 
iiiilt  of  silver  is  AgO  +  Cj^H^NOg  (Dumas) .  The  indigo  therefore 
in  forming  anilic  acid  with  nitric  acid,  loses  2  atoms  of  carbon 
'and  1  of  hydrogen. 

Picric  acidy  carbazotic  acid,  IlO-f  CiaH^NgO^j  (Dumas). 
*Tbis  add,  which  was  first  known  as  the  bitter  of  Welter, 
ia  produced  by  the  action  of  nitric  acid  on  the  preceding  com- 
pound, and  by  the  solution  of  indigo  or  any  other  azotised 
organic  substance  in  concentrated  nitric  acid.  It  crystallizes 
in  yellow  brilliant  prisms,  of  a  very  bitter  taste,  which  are  fusible 
and  volatile,  and  burn  with  flame  when  sharply  heated ;  they 
are  sparingly  soluble  in  water,  which  they  colour  yellow.  Kcric 
add  is  not  decomposed  by  other  acids  nor  by  chlorine.  Its 
Baits  are  yellow  and  generally  crystaUine ;  they  detonate  strongly 
when  sharply  heated,  or  sometimes  by  a  blow,  particularly  the 
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of  chlorisatin  in  alcohol;  the  liquid  becomes  colourless,  and 
Bulphur  is  precipitated  at  the  same  time.  Bichlorisatin  in 
similar  circumstances  yields  bicUorisatyde,  CssHgNCl^Oj. 
When  treated  with  potash  chlorisatyde  and  bichlorisatyde  yield 
qhlorisaiydic  and  bichlorisatydic  acids. 

Chloranile,  CgCl^O^,  one  of  the  products  of  the  continued 
pction  of  chlorine  upon  chlorisatin  and  bichlorisatin  dissolved  in 
jllcohol.     It  is  a  volatile   substance  in   crystalline  scales  of  a 
jmss  yellow  colour,  which  is  dissolved  by  potash  of  a  purple 
colour,  but  is  then  converted  into  chloride  of  potassium  and 
.cUoranilate  of  potash.     Chloranilic  add  is  a  reddish  powder, 
composed  of  fine  scales  ;  its  composition  is  C^CIO,. 
,.,    Chrysanilic  Acid^llO  +  C^H^^JC^y    When  indigo  in  pow- 
.4ar  is  added  to  a  solution  of  caustic  potash,  of  density  1.35, 
•  Mi4  boiled  in  a  silver  vessel,  an  orange-yellow  salt  is  formed, 
without  any  evolution  of  gas.    The  acid  is  separated  as  a  red- 
dish-brown precipitate  on   the  addition  of  sulphuric  acid  to  a 
solution  of  the  potash  salt ;  it  is  named  chrysanilic  acid,  from 
Jts  relation  to  aniline  and  the  golden-yellow  colour  of  its  salts. 
'(Fritsche). 

jinthraniUc  Acid^  HO  +  C,4lI<,N03.  The  solution  of  th6 
fused  mass  above  becomes  blue  in  the  air  from  absorption  of 
OKygen,  like  a  solution  of  white  indigo,  and  blue  indigo  pre- 
dpitates  in  crystalline  grains.  On  boiling  the  solution  with 
dilute  sulphuric  acid,  the  decomposition  proceeds  more  rapidly, 
and  a  brown  resinous  mass  is  obtained,  soluble  in  alcohol,  ether, 
and  alkalies.  To  prepare  this  acid,  the  first  alkaline  solution 
is  diluted,  and  peroxide  of  manganese  added  to  it  in  small  quan- 
tities, at  the  boiling  point,  till  the  solution  gives  no  black  pre- 
cipitate when  rendered  acid,  and  its  colour  is  not  reddish-brown 
but  a  dirty  greyish  brown,  lliis  acid,  when  sublimed,  is 
white,  and  resembles  benzoic  acid,  but  the  fused  sublimate  is 
ydlow.  Its  salt  of  lime  is  very  soluble  in  hot  water,  and  crys- 
tallizes in  colourless  rliombohedrons.  Anthranilic  acid,  distilled 
by  the  heat  of  a  spirit  lamp,  is  decomposed  in  a  considerable 
measure,  and  resolved  into  carl>onic  acid  and  aniline.  (Fritsche ; 
Liebig,  Annalen,  &c.,  xxxix.  76  and  91.) 

Anilin€y  Ci^H^N  (Fritsche) ;  an  oily  liquid,  which  distils  over 
when  finely  pulverised  indigo  is  decomposed  by  a  highly  concen-* 
trated  solution  of  caustic  potash  or  soda  in  a  retort.    Its  quantity 
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CT  produced  by  the  action  of  re- agents  upon  principle!!  existing 
in  it. 

1.  Eryihrilin,  C^U^fi^i  a  white  powder^  insoluble  in  water, 
bat  converted  by  ebullition  into  erythrilin  bitter,  soluble  in 
aleohol  and  ether,  also  in  alkaline  liquids,  from  which  it  is  pre- 
•idpitated  by  an  acid ;  not  volatile. 

r^:  2.  Erytkrinj  C^HijO^;  sparingly  soluble  in  cold  water,  but 
lery  soluble  in  boiling  water,  and  separating  on  cooling  in 
.^brilliant,  micaceous,  snow-white  scales ;  the  solution  is  colour- 
less, but  in  air  becomes  rapidly  brown,  and  is  decomposed.  It 
.ii  very  soluble  in  alcohol,  ether  and  alkaline  solutions,  from 
uriiidi  it  is  precipitated  unaltered  by  an  acid.  It  fuses  at 
>82Cr  without  losing  water,  and  is  decomposed  at  a  higher  tem- 
^pentare  without  volatilising.  This  substance  agrees  in  compo- 
mtbn  and  properties,  and  is  believed  by  Dr.  Kane  to  be  iden- 
r^tical  with  the  pseudo-eryikrinl  of  Heeren,  derived  from  the 
ParmeUa  roccelia.  It  forms  a  wine-red  solution  when  exposed 
to  the  conjoint  action  of  ammonia  and  air. 
•  Erjfthrin  bitter^  amarytkrin^  C^^HijOj^;  is  formed  when 
erythrin  is  dissolved  in  hot  water  and  exposed  some  days  to  the 
action  of  air.  It  is  a  bitter  extractive  matter,  very  soluble  in 
water,  much  less  so  in  alcohol,  and  not  at  all  in  ether.  It  is 
precipitated,  like  the  preceding  compounds,  by  a  salt  of  lead« 
This  is  die  erythrin  bitter  of  Heeren. 

4.  Telerytrin,  €221190,8;  formed  when  amarythrin,  in  a 
semi-fluid  state  is  exposed  for  several  months  to  air,  the  latter 
changing  gradually  into  a  mass  of  very  minute  granular  crys- 
tals, of  a  brownish  yellow  colour,  but  becoming  white  when 
purified  by  crystallization  from  alcohol. 

The  ordinary  archil  (orseille)  of  commerce  is  prepared  from 
the  Parmelia  or  liocce^a.  The  lichens  are  reduced  to  a  pulp, 
and  treated  with  impure  ammoniacal  liquors.  The  complete 
production  of  archil  requires  a  considerable  time,  and  from 
Dr.  Kane's  observations,  the  colouring  matter  is  in  a  constant 
state  of  transition. 

Orcin  (cr.),  CigHj^Og ;  a  colourless  crystallizable  substance, 
obtained  by  Robiquet  from  the  Lichen  dealbatus.  The  dried 
lichen  is  boiled  with  alcohol,  the  solution  filtered  hot,  and  dis- 
tilled to  the  condition  of  an  extract;  the  last  is  exhausted 
by  water,  and  the  concentrated  solution  brought  by  evaporation 
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jizoerythrtn  consists  of  C^^gO<^  (Kane),  by  abandoning  4 
atoms  of  carbonic  acid  and  9  atoms  of  water,  it  will  yield  an 
equivalent  of  alpha-orcein. 

Erythroleic  acid,  C^eH^sOg  (Kane),  is  a  purple  substance, 
distinguished  for  its  semi-fluid  consistence  at  tlie  ordinary  tem- 
peiuture,  and  its  solubility  in  ether  and  alcohoL 

MocceUic  acidy  C^^M^jb^  (liebig),  one  of  the  principles  ex- 
tracted by  Heeren. 

LUtnui. — ^The  cubical  masses  of  commercial  litmus  being 
reduced  to  powder  and  treated  with  boiling  water  give  a  deep 
blue  solution.  The  mass  of  insoluble  matter,  which  is  of  a  paler 
Uue  than  the  original  substance,  is  difiiised  through  water  and 
z«ddened  with  hydrochloric  acid.  The  whole  is  then  thrown 
upon  a  filter,  and  the  red  insoluble  substance  which  remains  is 
washed  with  water  imtil  aU  excess  of  hydrochloric  acid  is  re^ 
moved  and  then  carefully  dried.  The  mass  when  completely 
dry  is  boiled  in  successive  portions  of  alcohol,  until  every  thing 
soliible  in  that  liquid  is  taken  up.  The  deep  red  alcoholic 
liquors  are  then  distilled  in  a  water-bath  to  dryness,  and  the 
xesulting  solid  material  digested  in  warm  sulphuric  ether  until 
the  latter  no  longer  becomes  coloured.  The  ethereal  solutions 
thus  obtained,  yield  on  distillation  in  a  water-bath  a  fine  crim- 
son oily  material  which  is  nearly  fluid.  When  purified,  this 
matter  forms  erythroleiny  C25H2204.  Tliis  compound  is 
completely  liquid  at  100°;  its  solutions  in  alcohol  and  ether 
are  of  a  fine  red  colour,  and  it  tinges  water  pink,  without  how- 
ever dissolving  in  any  very  sensible  proportion. 

The  substance  from  which  the  erythrolein  has  been  removed, 
and  which  is  distinguished  by  its  solubility  is  erythroUimin, 
^96^22^13  + 1^^  9  ^^  ^^  ^^  ^  bright  red  colour,  sparingly  soluble 
in  water,  which  it  colours  red.  It  dissolves  of  a  blue  colour  in 
potash,  and  combines  with  ammonia. 

The  brownish  red  mass  which  resisted  the  action  of  alcohol, 
yields  its  colouring  material  but  very  sparingly  to  water  also ; 
but  it  may  be  dissolved  in  a  large  quantity  of  boiling  water,  and 
gives  by  evaporation  a  deep  blood-red  mass,  consisting  of  pure 
colouring  material,  which  has  been  named  azolitminyC^QH ^q^O^q} 
it  differs  only  from  alphaorcein  and  betaorcein  in  the  pro- 
portion of  oxygen  it  contains. 

Another  substance  occasionally  but  rarely  present  in  litmus  is 
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Mpaniolitmin  CigllyOig.  It  is  of  a  bright  red  colour,  insoluble 
in  alcohol  and  in  ether,  and  very  sparingly  soluble  in  vater, 
vrbich  it  tinges  bright  red. 

The  blue  liquors  which  are  obtained  in  the  first  pbce  by 
digesting  litmus  cakes  in  water  contain  but  a  small  quantity  of 
colouring  matter,  considering  their  depth  of  tint*  It  is  gene- 
rally azolitmin  nearly  pure ;  with  occasionally  a  small  portion 
of  spaniolitrain. 

By  the  action  of  chlorine  upon  orcein,  cMororcein  is  formed, 
CigHj4jNOa,Clj  which  possesses  a  yellowish  brown  colour.  With 
azolitmin  a  similar  compound  of  chlorine  is  produftd, 
CigH,^,NO,^^,CL  By  the  action  of  nascent  hydrogen  upon 
orcein,  a  colourless  body  is  formed,  ieucorceinf  CieH^pNO^H* 
For  all  these  facts  we  are  indebted  to  Or.  Kane  (Phil.  Tnuis. 
1840,  p.  2^8). 

Cudbear^  in  German  persio,  is  prepared  from  the  XeJttwiora 
tartarea^  Parmelia  omphalode:ty  and  probably  other  licbeiis. 
Tlie  lichen  is  steeped  and  left  for  some  time  in  open  veneb 
coYered  by  ammonia,  till  the  purple  colour  is  sufficiently  dis 
Teloped,  and  then  the  whole  is  dried  in  the  open  air  and  reduced 
to  a  line  powder. 

Mr.  Schunk  has  lately  obtained  by  extraction  with  ether  from 
the  Leconora  tartarea  and  other  lichens  employed  in  the  manu« 
facture  of  cudbear  a  white  crystalline  substance  leconoriru  which 
is  dissolved  by  alkalies  and  precipitated  again  unaltered  by  acids. 
But  if  the  alkaline  solution  is  allowed  to  st;ind  for  an  hour,  m>  pfD- 
cipit^ite  is  aften\  ards  obtained,  the  new  substance  having  rcsoltrd 
itself  into  carbonic  acid  and  orcin.  When  tlie  solution  of  the 
new  substance  in  barytes-water  is  heated  to  the  boillr  jt, 

carbonate  of  barytes  precipitates  and    the    solution    ^  -T 

evaporation  large  crystals  of  orcin.  It  is  probable  therctuff 
that  orcin  does  not  exist  ready  formed  in  aity  lichen,  but  ii 
always  the  product  of  the  action  of  an  alkali,  a  ctrcumstmtcl 
which  has  hitherto  been  overlooked. 

Litmus  is  much  used  as  a  re-agent  from  its  susceptibility  to 
the  action  of  acids  and  alkalies,  being  reddened  by  tlic  fbrmef 
and  having  its  blue  colour  restored  by  the  latter.  In  preparing 
litmus  paper  an  infusion  is  made  of  commercial  litmus,  filtered, 
concentrated  by  a  water  bath,  and  a  very  small  quantity  uf 
carbonate  of  soda  added.     Good  letter  paper  cut  into  atipi  rf 
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three  inches  in  breadth  is  dipt  into  the  infusion^  allowed  to  dry 
and  the  dipping  repeated ;  or  the  infusion  may  be  applied  to 
one  side  only  of  thin  and  sized  drawing  paper.  For  red  paper^  the 
infusion  of  litmus  is  acidulated  slightly  by  means  of  acetic  acid. 
A  paper  prepared  from  an  infusion  of  the  best  cudbear  without 
the  addition  of  either  alkali  or  acid  has  a  purple  colour  and  is 
affected  by  both  acids  and  alkalies.  It  is  convenient  in  alkali- 
metry^  being  already  too  red  to  be  ^nsibly  affected  by  carbonic 
acid,  while  it  is  distinctly  reddened  by  the  mineral  acids.  The 
colours  from  the  lichens  are  beautiful,  but  fugitive ;  they  are 
chiefly  employed  by  the  dyer  to  give  a  bloom  to  more  fixed 
colours.  * 

COLOURING  MATTERS  OF  MADDER. 

jiUzarm^*  CyjU^fi^^  (Robiquet). — ^Thisis  a  crystalline  matter 
of  a  red  colour  which  was  extracted  by  MM.  Robiquet  and 
Colin  from  the  ground  roots  of  madder,  the  Rubia  iinciarum. 
To  concentrated  sulphuric  acid  an  equal  quantity  of  ground 
madder  is  added  in  a  gradual  manner,  so  as  to  prevent  any 
sensible  elevation  of  temperature ;  in  two  or  three  days  nearly 
all  the  constituents  of  the  madder  are  charred  and  destroyed 
except  the  alizarin.  The  acid  is  then  washed  out  from  the 
black  mass,  which  is  dried  and  digested  with  portions  of  oold 
alcohol,  to  take  up  a  fatty  matter  it  contains.  The  alizarin  is 
afterwards  dissolved  out  by  boiling  alcohol,  the  latter  solution 
miled  with  water,  the  alcohol  distilled  off,  and  the  alizarin 
which  has  precipitated  is  collected  on  a  filter.f  It  is  a  red 
powder,  which  may  be  sublimed  and  is  obtained  in  long  flexible 
capillary  needles,  having  an  orange  colour ;  but  unless  the  sub* 
liming  vessels  be  very  low  and  flat,  almost  the  whole  of  the 
alizarin  is  decomposed.  Ahzarin  is  somewhat  soluble  in  boiling 
"water  to  which  it  communicates  arose  colour;  at  54%  it  dis- 
solves in  212  parts  of  alcohol  and  in  160  parts  of  ether.  It 
has  a  decided  affinity  for  some  animal  matters,  being  soluble  in 
albumen,  and  is  precipitated  in  combination  with  the  latter 
when  coagulated.  Phosphate  of  lime  appears  also  to  combine 
with  the  colouring  matter  of  madder,  from  the  well  known  fact 

*  From  ati9an  the  name  applied  to  madder  rooti  in  the  Lerant 
t  Amulet  de  Cbimie  et  de  llkysique,  tome  34»  p.  22S  \  and  Journal  de  Pbiir- 
macie,  tome  21,  p.  392. 
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that  the  bones  of  animals  which  have  taken  for  some  time 
madder  mixed  with  their  food,  are  tinged  red. 

The  colouring  matter  of  madder  has  also  been  esanrined  by 
Granltier  de  Claubry  and  Persoz,*  by  H.  8chlomberger,t  and  bf 
Dr.  F;  Runge4  From  their  inquiries  it  is  certain  that  aUan 
is  not  the  only  or  perhaps  even  the  most  important  coloiiriiig 
matter  of  madder.  These  different  inquirers  have  extracted 
Tarious  substances  from  m&dder^  but  do  not  agree  in  the  mode 
of  representing  its  constitution;  as  the  purity  however  of  theie 
substances  was  not  tested  by  analysis,  their  definite  character  is 
necessarily  very  doubtful.  I  can  only  enumerate  here  the 
different  colouring  matters  extnlbted  from  madder  by  Dr.  Rmige. 
They  are  (1)  Madder  purpU^  dissolved  out  from  madder,  pre- 
viously well  washed  with  water  between  56  and  7^*,  by  a  stroDg 
boiling  solution  of  alum,  and  precipitated  from  the  alum  solotioa 
by  the  addition  of  sulphuric  acid.  When  ])urified  it  is  a  light 
crystalline  powder  of  a  beautiful  orange-yellow  colour.  When 
used  in  excess  it  imparts  to  cotton  impregnated  with  the  alma 
mordant,  a  deep  reddish  brown  purple  colour ;  but  tf  oo  die 
contrary  the  cotton  be  in  excess,  the  colour  is  bright  red. 

(2)  Madder  red,  the  alizarin  of  Robiquet  and  Colin,  which  ac- 
cording to  Range  may  be  sublimed  a  second  time  without 
decomposition.  It  may  be  separated  from  madder  purple,  in 
consequence  of  its  insolubility  in  a  strong  solution    of  alum. 

(3)  Madder  orange,  which  is  distinguished  and  separated  from 
the  two  former,  by  its  little  solubility  in  spirits.  WTien  in 
excess  it  imparts  to  alumed  cotton  a  bright  orange  colour.  If 
water  be  added  to  a  hot  solution  of  it  in  spirit,  small  crystils 
separate,  as  with  madder-red  and  madder-purple  under  the 
same  circumstances.  (4)  Madder  yellow  is  remarkable  for  its 
great  solubility  in  water  and  its  little  affinity  for  oloth  impreg- 
nated with  alum.  It  abounds  in  Dutch  madder.  {5)  Madder 
brown,  another  principle,  which  like  tlie  last  has  no  value  as  i 
dye  stuff. 

The  most  fast  and  brilliant  reds  are  obtained  upon  cotton  by 
means  of  madder,  as  also  an  equally  stable  and  valuable  puq)le ; 

•  Ann.  de  Chim.  et  de  Pliya.,  t.  48,  72. 
t  Bulletins  of  the  Industrial  Society  of  Mulhausen. 

X  Dr.  R.  D.  Thomson's  Records  of  Science,  vul.  2,  p.  452,  and  vol.  3,  pp  -14 
and  135. 
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tlie  first  are  known  as  Adrian  ople  or  Turkey  reds.  The  colour- 
ing principles  of  madder  have  an  affinity  for  the  earth  alumina 
and  peroxides  of  iron  and  tin^  hke  other  organic  colouring 
matters  soluble  in  water,  and  form  insoluble  precipitates  with 
these  oxides,  which  are  known  as  lakes.  By  impregnating 
ootton  cloth  with  a  solution  of  acetate  of  alumina,  or  with  alum 
of  which  the  acid  has  been  in  a  great  measure  neutralised  by  an 
alkali,  it  retains  a  portion  of  that  earth,  (or  of  either  the  other 
metallic  oxides  mentioned  if  treated  with  a  solution  of  their 
salts),  of  which  it  is  not  deprived  by  washing ;  these  oxides 
having  an  attraction  or  affinity  for  the  fibre  of  the  cotton.  If 
the  cloth  so  prepared  be  introduced  into  a  hot  solution  of  any 
oif;anic  colouring  matter,  the  latter  is  taken  up  from  the  solution 
and  becomes  attached  to  the  cloth  by  combining  with  its  alu- 
mina^  which  thus  forms  the  link  that  unites  the  cloth  and 
colouring  matter.  The  alumina  is  termed  the  mordant,  and 
snch  is  the  ordinary  method  of  fixing  colours  by  means  of 
mordants.  Cotton  may  be  dyed  with  madder  by  this  simple 
process,  but  the  colour  is  dull.  To  produce  a  fine  red  the 
doth  must  be  submitted  to  a  long  preparation  occupying  some 
weeks,  and  consisting  of  a  number  of  operations,  the  effect  of 
many  of  which  is  very  imperfectly  understood,  but  every  one  of 
them  nevertheless  indispensable  for  a  good  result.  The  chief 
features  of  this  remarkable  process,  without  entering  into  a 
detail  of  the  routine  operations  are  (I)  the  impregnation  of  the 
doth  with  an  imperfect  soap  and  some  principles  from  sheeps' 
dung.  By  this  treatment,  which  consists  of  several  operations 
repeated  more  than  once,  the  cloth  acquires  an  animal  odour, 
which  it  retains  through  the  rest  of  the  operations.  It  is  said  that 
when  old  cotton  doth  that  has  been  worn  about  the  person  and 
frequently  washed  is  to  be  dyed,  this  process  may  be  omitted 
altogether.  (2)  The  cloth  is  afterwards  soaked  in  an  infusion 
of  v^etables  or  of  sumach,  which  gives  it  a  yellow  colour  and 
assuts  also  in  fixing  the  madder  afterwards,  this  is  the  galling^ 
an  accessory  operation  not  confined  to  madder  dyeing.  (3) 
Alumina  is  fixed  in  the  cloth  in  the  manner  previously  described. 
(4)  The  cloth  is  then  dyed  by  entering  it  into  a  boiler  with 
ground  or  chopped  madder  while  the  water  is  cold,  gradually 
raising  the  temperature,  and  boiUng  them  together  for  a  couple 
of  hours.  A  certain  quantity  of  bullock's  blood  is  also  added 
to  the  madder  bath.    Tlie  colour  thus  fixed  is  brownish  red 
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and  dullf  owing  to  tbe   Madder  broum  being  fixed  iir* 

as  ^*ell  as  the  madder  purple  and  madder  red.     TIte 

(S)  the  clearing  process  is  to  get  rid  of  the  brown  whieb  i#j 

nearly  so  fixed  as  the  red.     It  consists  of  boiliug  tbft 

alkali  and  soap;    afterwards  with  soap  and  protochloridir of ^ 

under  a  pressure  of  two  atmospheres,  and  finalljr  espoiiligtie 

cloth  on  the  grass  to  the  sun  for  a  few  days. 

If  the  cloth  be  prepared  and  dyed  with  madder  in  the  aane 
manner,  with  the  exception  of  charging  it  wttb  an  iroit  iostMUl  of 
an  aluminous  mordant*  it  is  dyed  of  a  beautiful  and  perauuMi 
purple,  instead  of  red.*  ^A 

CARTHAMIM*  laU> 

Safflower  consists  of  the  flowers  of  Carthamus  rtitele5rfi/ii*1t 
contains  two  colouring  matters,  a  yellow,  which  is  6(  n* 
and  a  beautiful  but  fugitive  red  used  in  silk  dyein  is 

named  carthamin    or  carthamic   acid.      The   yellow  li 

soluble  in  water,  the  red  insoluble  in  water  but  soluble  in  alki^ 
lies.  They  are  separated  by  adding  aa  acid  to  an  alkaline  in- 
fusion  of  safflower,  which  throws  down  the  carthamin,  aji3 
afterwards  passing  clean  cotton  yarn  through  the  liqu  ' 

these  circumstances,  the  yarn  takes  up  the    ■  ^"^     ain  cnui^^J 
and  is  then  waslied  with  water.  The  pure  cart  s  afterwt^^| 

stript  from  the  cotton  by  an  alkali  and  the  solution  is  employed 
to  dye  silk  by  acidulating  with  citric  acid,  and  then  passing  tbe 
silk  through  the  liquid  in  the  usual  way  by  means  of  a  wili^ 

Tlie  pigment  rouge  contains  precipitated  carthamin  iDtimafidf 
mixed  with  finely  divided  talc.  i; 

According  to  Doebereiner,  carthamin  has  an  acid  reactioAV 
it  is  but  sliglitly  soluble  in  alcohol  or  ether*  Soda  satamtei 
with  carthamin  is  said  to  crystallize  in  fine  colourleas  tieallei 
having  a  sUky  lustre,  and  becoming  instantly  red  when  «a  mM 
is  added.  ~ 


HEB*ATOXYLm- 


I 


*^'' This  is  the  colouring  matter  of  logwood,  the  wood  of  t^ 
H^matomylon    campeQchianum  \    it    was    named   Hmnattn   hf 

*  Aa  ouUtne  of  the  prcx-eis  of  Turkey  red  dyeing  u  pract^^d  at  6lMf«Mr  i 
girun  by  Dr.  Thomsoii,  to  his  Orgiuiic  Cbejnbtry.  Vi>freUble«,  p.  39«.  ¥9f  ll* 
«Dd  other  dyeing  processes  see  ulao  LeucbV  Tniti  tompki  dn  MmHitm  Tkm* 
nrieikt. 
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:M»  CShevreuly^who  first  distinguiahed  it.  It  is  sometimes  so 
-.iJwindfcnt  as  to  exist  in  the  wood  in  Laige  crystals.  The  rasped 
t^r  eliopped  wood  is  exhausted  by  means  of  water  of  a  tempera- 
4km  between  122^  and  131%  the  solution  evaporated  to  dryness 
•llf  a  water  bath,  the  residue  lixiviated  with  alcohol  of  0.843 
4iBnsity,  and  the  filtered  solution  distilled  to  a  syrup,  from  whidi 
after  the  addition  of  a  little  water  the  hematoxylin  is  gradually 
<dtqK>aited. 

to  It  crystallises  in  reddish  yellow  scales,  soluble  in  1000  times 
Abut  weight  of  water,  dissolving  easily  in  alcohol  and  ether. 
Adds  in  small  quantity  make  it  yellow,  in  large  quantity  red. 
The  alkaline  bases  impart  to  a  solution  of  hematoxylin  a 
▼iolet,  purple  or  blue  colour.  Its  decoction  is  deprived  of 
jOolour  by  sulphuretted  hydrogen  (which  has  the  same  action  on 
Ifitmus^)  and  by  nascent  hydrogen ;  much  of  the  hematoxylin 
probably  exists  in  this  state  in  the  wood  and  acquires  colour 
in  the  course  of  its  application  as  a  dye.  Cloth  impregnated 
with  alumina  is  dyed  black  in  a  decoction  of  logwood,  and  of 
a  fine  brown  in  a  mixture  of  logwood  and  madder.  It  enters 
Ipto  the  materials  for  dyeing  hats  and  broad  cloth  black ;  the 
efiiect  of  an  acid  in  staining  them  red  is  due  to  its  presence. 
Tij  dry  distillation  hematoxylin  yields  ammonia^  proving  that 
u  contains  nitrogen. 

BREZILIN. 

This  name  has  been  applied  by  Chevreul  to  the  colouring 
pbatter  of  Brazil  wood,  which  comes  to  this  country  from 
Brazil  and  Pernambuco,  and  is  the  wood  of  several  species  of 
fBrnBofyina.  It  is  obtained  by  similar  processes  with  the  pre- 
bsding  colouring  matters. 

> /'Brezilin  crystallizes  in  orange  prisms,  soluble  in  water  and 
Ueoluri.  Acids  give  it  a  yellow  colour ;  with  citric  acid  the 
jrellow  is  particularly  fine.  When  neutralised  with  alkali  it 
becomes  again  of  a  fine  red,  but  with  an  excess  of  alkali  violet 
or  blue.  In  the  tree  it  is  nearly  colourless,  owing  to  the  presence 
^free  add,  and  its  fine  red  colour  does  not  appear  till  all  tlie 
fbdd  which,  it  naturally  contains  is  saturated.  This  saturation 
is  generally   effected   by  sprinkling  the  ground  wood  with  a 

•  Ann.  de  Chim.  et  de  Pliys.,  t.  81,  p.  128. 
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solution  of  carbonate  of  soda,  when 
rabed*  A  very  minute  quantity  of 
Bras&U  wood  a  violet  colour,  so  tbatj 
alkalinity.  Alum  and  the  acetate  of  a 
it  an  abundant  carmine  precipitate,  wh 
same  cohmr  j  these  compounds  form  t 
ink-  For  some  years  past  brazil-woo^ 
seded  in  this  country  by  a  w^ood  im 
named  camwood  by  dyers,  which  is  ] 
colour  tlian  any  of  the  varieties  of  Br| 
so  much  affected  by  alkalies,  nor  so  Ij 
sliade ;  and  the  yellow  colouring  mattaf 
gives  the  red  a  more  lively  appearani 
the  colour  of  tlie&e  and  all  other  red  w^ 
and  does  not  produce  fast  colours*       i 

I 

BERBERIN* 

This  is  a  crystalline  substance  of  a  1 
by  the  MM-  Buchner  from  the  bark  4 
vuiffarU,"^  The  root  is  exhausted  byi 
the  decoction  concentrated  to  the  cor* 
and  this  digested  repeatedly  in  alcohol 
liquid  acquires  a  bitter  taste.  These 
considerable  portion  of  alcohol  distilla 
in  an  open  vessel  to  crj'stallize  in  a  o 
prisms  of  a  clear  yellow  colour,  witho 
intensely  bitter  taste.  It  is  not  fusibft 
It  is  sparingly  soluble  in  cold  watei 
water,  soluble  in  alcohol,  forms  compoi 
cipitates  readily  all  metallic  salts*  Its 
by  C-^iH^gNOij.  Berberin  answers  i 
and  gives  a  fixed  yellow  on  cotton  cl^ 
It  forms  also  a  powerful  tonic. 

QUERClTaiN. 

The  yellow  colouring  matter  of  qH 
been  examined  by  M.  Bolley^f     H 
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tion  of  the  bark  clarified  by  albumen^  and  having  its  tannin 
piedpitated  by  isinglass,  evaporated  to  an  extract  and  treated 
m  usual  with  strong  alcoboL  It  requires  about  400  parts  of 
boiling  water  for  solution,  but  dissolves  in  4  or  5  parts  of 
obfolute  alcohoL  It  is  deposited  in  little  cauliflower  looking 
masses,  which  by  a  magnifying  power  of  10  times  are  seen  to 
be  composed  of  small  crystals.  It  yields  by  dry  distillation  a 
yellow  liquid;  which  soon  solidifies  as  a  clear  yellow  mass; 
this  Chevreul  considered  as  unaltered  quercitrin.  As  it  restores 
the  colour  of  reddened  litmus  paper,  and  combines  with  and 
neutralises  bases,  M.  BoUey  considers  it  an  acid  and  names  it 
QMereiironie  acid.  The  formula  of  the  crystallised  acid,  which 
egrees  with  analysis,  is  HO  +  Ci^lI^Og,  of  the  salt  of  lead 
PbO+CigHgOg.  Herm.  TrommsdorfF  found  polychrome  to  have 
libe  same  composition,  and  represented  it  by  the  same  for- 
mula halved.* 


CHAPTER    VIII. 

Aans. 

SECTION  I. 

ACTDS  SUPPOSED  TO  CONTAIN  CARBONIC  OXIDE. 

Carbonic  acid,  and  chlorocarbonie  acid,  may  be  considered  as 
combinationa  of  carbonic  oxide,  as  they  are  formed  by  the  union 
of  that  radical  with  oxygen  and  chlorine.  Carbonic  oxide  also 
Viitea  with  potassium,  and  by  the  decomposition  of  this  com- 
pound, croconic  and  rhodizonic  acids  are  produced.  Oxalic  and 
meUitic  acids  also  appear  firom  their  composition  to  contain  the 
same  radicaL 

OXAUC  ACID. 

Formula  of  the  hydrated  acid,  HO,C203  +  2HO.  This  add, 
discovered  by  Scheele  in  177^,  exists  in  tlie  form  of  an  add  salt 

*  Liebig^s  ADoaleD,  xiv,  205. 

2    l»   P   2 
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Qt  potash,  in  a  great  number  of  plants,  particulariy  in  the  spe- 
cies of  Oxafis  and  Rumex ;  combined  witb  lime  it  also  forms 
E  part  of  several  lichens.  Oxalate  of  lime  occurs  likewise  as  a 
mineral,  kumbohUte^  and  forms  the  basis  of  a  species  of  urinary 
calculus.  This  acid  is  also  produced  by  the  oxidation  of  carbon 
in  combination,  in  a  variety  of  circumstances,  being  the  general 
product  of  the  oxidation  of  organic  substances  by  nitric  acidt 
hypermanganate  of  potash,  and  by  fused  potash.  Those  matters 
which  contain  oxygen  and  hydrogen  in  the  proportion  of  watefi 
furnish  the  largest  quantity  of  oxalic  acid. 

This  acid  has  been  derived  in  quantity  from  lichens,  but  H  b 
usually  prepared  by  acting  upon  1  part  of  sugar,  orbetteTyStiidl, 
by  5  parts  of  nitric  acid,  of  1.42,  diluted  with  ten  parte  of  water 
at  a  gentle  heat  till  no  gas  is  evolved,  and  evaporating  to  crys- 
tallize. The  crystals  must  be  drained,  and  crystallized  a  secoocl 
time,  as  they  are  apt  to  retain  a  portion  of  nitric  acid. 

It  forms  long,  four-sided,  oblique  prisms,  with  dihedral  sun- 
mits,  or  terminated  by  a  single  face.  These  crystals  contain 
diree  atoms  of  water,  one  of  which  is  basic,  and  the  other  two 
constitutional,  or  water  of  crystallization.  The  latter  two  imy 
be  expelled  at  a  temperature  above  212**,  and  the  protohydnte 
rises  at  the  same  time  in  vapour,  and  condensers  as  a  woofl? 
sublimate*  Heated  in  a  retort,  the  hydrated  actd  undergoes 
decomposition  about  311**,  and  is  converted  into  carl  ide, 

carbonic  acid,  and  formic  acid,  without  leaving  any  ii\  iiie. 

Nitric  acid,  with  heat,  converts  oxalic  acid  into  water  and  car* 
bonic  acid.  When  heated  with  sulphuric  acid,  oxalic  acid  yieUi 
equal  volumes  of  carbonic  oxide  and  carbonic  acid ;  C^O^  bdl>K 
equivalent  to  CO-f  CO^,  (p^^  306),  No  charring,  nor  evoh- 
tion  of  any  other  gas  occurs,  so  that  the  action  of  coneentnKd 
sulphuric  acid  aflords  the  means  of  recognising  oxalic  wtiA  Of 
any  oxalate.  Crystallized  oxalic  acid  is  soluble  in  8  ptrts  of 
water,  at  59%  in  its  own  weight  of  boiling  water,  and  in  4  prti 
of  alcohol,  at  59*. 

Oxalates, — With  potash,  and  with  am motiia,  oxalic  add  fofws 
neutral  oxalates,  binoxalates,  and  quadroxalates,      Oxakl 
potash^  KOyCjO^-fHO,  contains   I    atom  of  water  of 
lization,  which    it  loses     a  little   above    212*;    it 
generally  in  prisms  of  six  unequal  sides,  terminated  by  obli 
dihedral  summits;  these  crystals  are  soluble  in  3  parts  of  ^ 
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insoluble  in  alcohol.  Binoxolale  ofpotashj  KOjC^Oa  -f-  HOjC^Oj 
+  2HO,  is  sold  under  the  name  of  salt  of  sorrel;  it  crystallizes 
in  oblique^  diaphanous  rhomboidal  prisms^  which  are  soluble  in  "10 
parts  of  cold  water,  6  parts  of  hot  water,  and  insoluble  in  alcohol. 
Quadroxalate  of  potash,  KO,C203+HO,Ca03  +  2(HO,CaOs 
-h2HO),  crystallizes  in  oblique  octohedrons,  of  which  two 
angles  are  truncated.  This  salt  appears  to  be  a  compound  of  1 
atom  of  binoxalate  of  potash^  with  2  atoms  of  hydrated  oxalic 
acid;  the  4  atoms  of  water  of  crystallization,  of  the  last  men^ 
tioned  constituent  escape  when  the  salt  is  heated  to  262% 
(page  172).  Oxalate  of  soda,  NaO^C^O,,  is  the  only  anhydrous 
alkaline  oxalate^  and  is  the  least  soluble  of  the  salts  of  soda. 
Tbere  is  also  a  binoxalate  of  soda.  The  oxalates  of  ammonia 
correspond  in  number  and  composition  with  the  salts  of  potash. 
The  neutral  oxalate  of  ammonia,  which  is  formed  by  neutralising 
oxalic  acid  with  carbonate  of  ammonia,  is  much  used  as  a  re- 
agent, particularly  to  separate  lime  from  magnesia,  and  generally 
to  precipitate  lime.  It  is  less  soluble  than  oxalic  acid.  When 
distilled  in  a  glass  retort,  by  a  heat  gradually  increased,  oxalate 
of  ammonia  affords  a  dirty  white  sublimate  of  oxamide,  CqO, 
4-NHg  (page  407)9  together  with  ammonia,  carbonic  acid,  car- 
l)onic  oxide,  and  cyanogen. 

Oxalate  o{  Ume,  CaO,C205+2HO  is  thrown  down  as  a  bril- 
liant white  precipitate,  remarkable  for  its  insolubility.  It  is 
ifiaoluble  in  acetic  acid,  but  soluble  in  nitric  and  hydrochloric 
adds.  It  leaves,  when  heated  to  incipient  redness  by  a  spirit 
lamp,  a  white  residue  of  carbonate  of  lime,  from  which  the  pro- 
portion of  oxalic  acid,  or  of  lime,  may  be  inferred.  The  oxalates 
of  magnesia,  zific,  and  manganese,  have  the  same  composition  as 
the  oxalate  of  lime.  The  first  mentioned  possesses  a  small 
degree  of  solubility,  the  others  are  insoluble.  Oxalate  of  copper 
forms  a  double  salt  with  oxalate  of  ammonia,  which  corresponds 
in  composition  with  the  binoxalate  of  ammonia.  Oxalate  of 
barytes  is  expressed  by  830,0^03+ HO  ;  it  is  quite  insoluble  in 
water.  Oxalate  of  sUver  is  an  insoluble  white  powder,  which  is 
anhydrous.     (Phil.  Trans.  1827,  p.  47). 

The  double  oxalates  of  chronium,  and  the  aluminous  class 
have  already  been  described  (pages  519,  566,  and  61 1). 
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Cmcomte  of  potash^  KO,C504-f  2H0,  crystallizes  in  long 
oraiige  prisms  of  6  or  8  sides,  having  a  nitrous  taste ;  loses  its 
2  atoms  of  water  at  a  moderate  heat  and  becomes  lemon  yellow. 
It  19  insoluble  in  alcohol,  in  common  with  ^1  the  salts  of  this 
acid,  except  tlie  croconate  of  ammonia  which  is  soluble  in 
alcohol, 

Croconate  of  lead,  PbO,C504  +  HO,  precipitates  in  golden 
yellow  micaceous  plates,  when  a  hot  and  dilute  solution  of 
acetate  of  lead  is  added  to  a  solution  of  croconate  of  potash  con- 
taining acetic  acid, 

Hydrated  croconic  acid  has  been  considered  as  a  hydracid^ 
H4-C5O5,  that  is,  a  compound  of  hydrogen,  and  a  salt-radical ; 
a  constitution  which  is  analogous,  being  assigned  to  melhtic 
acid. 

The  gas  evolved  when  oxicarburet  of  potassium  is  dissolved 
in  water  is  not  pure  hydrogen,  but  contains  carbon,  aiid  is  dis- 
tinguished,  according  to  Mr.  E,  Davy,  from  all  the  otlier  car- 
burets of  hydrogen,  by  the  property  it  possesses  of  infliirnhig  at 
the  ordinary  temperature  and  depositing  carbon^  when  mixed 
ith  an  equal  volume  of  chlorine. 

MELUTIC    ACIp. 

:>rmula  of  the  crystallized  acid:  H,C404,  or   H0-hC403 
the  Jiiellitates  dried  at  212%   M,C^04  4^110,  or  MOjC^Oj 
+  HO, 

This  acid  was  discovered  by  Klaproth  in  a  rare  mineral, 
mtU'tte^  which  is  the  uiellitate  of  alumina*  The  free  acid  is  best 
obtained,  according  t^j  VVcchler,  by  decomposing  the  mellitate  of 
'  lead  by  sulphuretted  liydrogen  ;  it  is  a  white  crystalline  pow- 
der, soluble  in  water  and  alcohol ;  from  the  last  of  which  it 
crystallizes  by  slow  evaporation  in  needles  radiating  from  a 
centre.  The  dry  acid  is  not  altered  by  a  temperature  of  572* 
(3(>0*  centig.),  nor  is  it  decomposed  by  boihng  nitric  or  sulphuric 
acid* 

Mdliiaten. — Potash,  soda  and  ammonia  form  acid  besidea 
neutral  mellitates.  Nitrate  of  potash  forms  a  remarkable  double 
salt  with  bimellitate  of  potash,  KO^NO^  4- 4(liO,M +  KO,M) 
,-f  GllU,  described  by  Wcehler,  It  is  remarkable  that  the 
itrates  particularly  give  rise  to  combinations  in  such  propor- 
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RHODIZONIC  ACID, 

Formula  of  the  acid  supposed  anhydrotis :  C^O^*  Of  the 
salt  of  potash,  3 KO-hCyOy;  of  the  saJt  of  lead  3PbO-f  C^O^, 
(Thaulow). 

This  body,  which  derives  its  name  from  the  red  colour  of  its 
salts,  was  first  observed  by  L.  Gmelin,  and  recognised  aa  a 
new  acid  by  Heller.  Potassium,  gently  heated  in  carbcmb 
oxide,  absorbs  that  gas  with  avidity,  fusing  of  a  green  tint,  and 
spreading  over  the  sides  of  the  vessel ;  afterwards  the  oxicar- 
buret  becomes  black  and  porous,  Allowed  to  cool,  it  is  dii- 
solved  with  water,  when  a  ^^olent  disengagement  of  combustible 
gases  occurs,  and  a  red  solution  is  formed,  containing  rhodizo- 
nate  of  potash.  The  same  oxicarburet  of  potassium  is  formed 
in  large  quantity,  as  an  accidental  product  in  the  pr*  of 

potassium  from  carbonate  of  potash  and  charcoal,  b_  „  und 
as  a  black  mass  in  the  neck  of  the  retort,  or  in  the  receiver  witl 
the  potassium.  The  salt  from  the  oxicarburet  n  "  deprived 
of  the  excess  of  caustic  potash  by  alcohol,  in  \\  <.'.  rhc 

donate  of  potash  is  insoluble, 

Rhodizonic  acid  is  apt  to  undergo  decomposition  in 
liberated  from  its  salts,  and  has  not  been  obtained  in  a  stati 
purity.  All  its  salts  are  red,  and  in  the  dry  state  have  a  metaliie 
lustre,  and  reflect  green.  Its  potash  salt  undergoes  a  remarkmhk 
decomposition  when  its  solution  is  heated,  being  conYeited  into 
finee  potash,  oxalate  of  potash,  and  croconate  of  potash : 

aKOH-C707=KO  and  KOh^C^  and  KO  +  C^^. 

CROCONIC  ACID* 


Formula  of  the  acid  supposed  anhydrous,  050^, 
This  at^d  derives  its  name  from  the  saffron  colotir  of  iU  salti; 
it  was  discovered  by  L.  Gmelin,  The  croconate  of  polssh  b 
deposited  in  long  yellow  and  brilliant  needles  firom  a  solution  of 
rhodizonate  of  potash,  which  has  been  decomposed  by  ebulEtion* 
The  acid  may  be  obtained  free,  by  decomposing  crocooale  of 
potfi5ih  by  hydrofluosilicic  acid,  and  evaporating  to  dryness.  It 
is  strongly  acid,  crystallizes  of  a  yellow  colour  eauvilf,  waA  h 
soluble  in  alcohoL 
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CVoamate  of  poiash^  KO,C504  +  2HO,  crystallixes  in  long 
orange  prisms  of  6  or  8  sides,  having  a  nitrous  taste ;  loses  its 
2  atoms  of  water  at  a  moderate  heat  and  becomes  lemon  yellow. 
It  is  insoluble  in  alcohol,  in  common  with  all  the  salts  of  this 
acid,  except  the  croconate  of  ammonia  which  is  soluble  in 
alooboL 

Croamaie  qf  lead,  PbO,C504-f-HO,  precipitates  in  golden 
yellow  micaceous  plates,  when  a  hot  and  dilute  solution  of 
«oetate  of  lead  is  added  to  a  solution  of  croconate  of  potash,  con- 
taining acetic  acid. 

Hydrated  croconic  acid  has  been  considered  as  a  hydracid, 
H +650^9  that  is,  a  compound  of  hydrogen,  and  a  salt-radical; 
a  constitution  which  is  analogous,  being  assigned  to  mellitic 
Mid. 

The  gas  evolved  when  oxicarburet  of  potassium  is  dissolved 
in  water  is  not  pure  hydrogen,  but  contains  carbon,  and  is  dis- 
tiilgttished,  according  to  Mr.  E.  Davy,  from  all  the  other  car- 
burets of  hydrogen,  by  the  property  it  possesses  of  inflaming  at 
the  ordinary  temperature  and  depositing  carbon,  when  mixed 
with  an  equal  volume  of  chlorine. 

MELLrric  ACIP. 

Formula  of  the  crystallized  acid:  H,C404,  or  HO  +  C4O, 
of  the  mellitates  dried  at  212%  M,C404-f  HO,  or  M0,C40g 
+  HO. 

This  acid  was  discovered  by  Klaproth  in  a  rare  mineral, 
melUte,  which  is  the  mellitate  of  alumina.  The  free  acid  is  best 
obtained,  according  to  Wcehler,  by  decomposing  the  mellitate  of 
*  lead  by  sulphuretted  hydrogen ;  it  is  a  white  crystalline  pow- 
der, soluble  in  water  and  alcohol ;  from  the  last  of  which  it 
crystallizes  by  slow  evaporation  in  needles  radiating  from  a 
centre.  The  dry  acid  is  not  altered  by  a  temperature  of  572*^ 
(300*  oentig.),  nor  is  it  decomposed  by  boiUng  nitric  or  sulphuric 
lusid. 

MeUiiaies. — Potash,  soda  and  ammonia  form  acid  besides 
peutral  mellitates.  Nitrate  of  potash  forms  a  remarkable  double 
salt  with  bimelUtate  of  potash,  K0,N05 -1-4  (HO,M  +  KO,M) 
+6HO,  described  by  Wcehler.  It  is  remarkable  that  the 
nitrates  particularly  give  rise  to  combinations  in  such  propor* 
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tions.  Neotfal  melUtate 
decoBiposition  bjr  heat,  which  has  been  htelf  mTestigalad  hf 
Woehler,  Heated  for  some  time  between  303*aDd  92Cr,  it 
loses  ammonia,  and  is  transfonned  into  a  pale  ydkyw  powder, 
which  water  decomposes  into  two  substances,  one  of  whicKf 
/mramkie,  is  white  and  insoluble,  and  the  atiier  a  scdobie  aai- 
zQoniacal  salt,  of  which  the  acid  is  named  emcknmie  (from 
nrxpcMir,  iff  a  fine  eolotir).  The  composition  of  pajaamde  ii 
CgHNO^ ;  it  appears  to  be  fonned  from  2  atoms  of  mciiitiie  «f 
ammonia,  C^HgN^Og,  by  the  loss  of  1  atom  of  smoKmia  wd 
4  atoms  of  water.  By  boiling  with  water,  particalirly  mite 
pfessope  at  392*  (200*  centig.),  it  is  otnverted  into  add  weDitiie 
of  ammonia. 

Mw*romk  udd^  2HO,C,9NO^  +  2HO,  is  separated  from  die 
aboTC  acid  ammoniacal  salt  bj  nitric  or  hydrochloric  acid*  h 
crjrstallises  in  Tery  small,  colom^less,  rhomboidal  prisma,  wliiflfc_ 
haTe  a  strong  acid  taste,  and  dissolve  with  diffictdty  i  tfaejr  ] 
2HO  at  392*,  It  fnses  and  is  decomposed  above  53S**. 
crystallized  encfaronic  add  is  heated  to  392%  in  a  g)na 
hermetically  aealed,  with  a  quantity  of  water  insufficient  to  diif 
soItc  it^  a  complete  solution  is  obtained,  in  which,  however,  tlii 
euchronic  acid  is  converted  into  acid  mellitate  of 
En  chronic  acid  is  distinguished  from  all  other  organic 
pounds  by  the  way  in  which  it  comports  itself  with 
xinc*  A  slip  of  zinc  dipt  in  a  solution  of  this  acid,  immeifiaid^ 
becomes  of  a  magnihcent  blue  colour  at  its  surface ;  thta  oolbitr 
becomes  at  the  boiling  point  nearly  as  intense  as  tliat  of  indigtv 
Washed  and  dried,  it  forms  a  black  mass  which 
sine.  When  shghtly  heated,  eren  upon  paper,  it  beooc 
mediately  completely  white,  and  is  changed  anew  into  1 
acid.  M.  Wcehler  applies  the  name  euchronetQ  the  blue  coin|KMUid, 
and  considers  that  the  action  of  zinc  in  its  ionnation  is  a  deoil* 
idatiug  one,  euchrone  being  an  inferior  degree  of  oicidalion  fli 
the  radical  of  euchronic  acid,  or  that  radical  itself;  but  fwm 
want  of  material  this  singular  and  most  interestiiig  body 
not  fully  investigated.  (Ann.  de  Chiro.  &c,  3  «<r.  ii,  78)* 
<  ft^UiMe  of  mhtr  undergoes  a  particular  deoomposilifNi 
^5&*^  losing  an  atom  of  water,  and  becoroir  ^  S^^- 

yUlUiaie  4tf  ahnrnnaf  native  mellite  or  y^ione  b 

poeed  of  M^O^^^S^Jl^lHliO^  according  to  W«rUer.     It 
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^fyathHiaeB  in  regular  octohedrons,  of  a  honey^jrellow  colour  ;■ 
m  uiaoiuUe  in  cold  water,  and  decomposed  by  boiliDg  water* 

♦I 

'  SECTION  n. 

.T 

'"  MBCONIC  ACID  AND  FTS  CONGENERS. 

■f-.l; 

'  Meconic  acid^  3HO,Ci4HO,,  +6HO,  is  a  trihasic  acid,  which 
cryatalliaes  with  6  atoms  of  water  of  crystallisation.  It  is 
fimnd  only  in  opium,  of  which  it  is  the  characteristic  acid ;  it  is 
aaaaed  £r<»n  fAtiiuayy  the  poppy.  It  is  best  obtained  by  decom- 
poaing  meoonate  of  potash  dissolved  in  16  to  20  parts  of  hot 
water  with  2  or  3  parts  of  pure  hydrochloric  acid,  and  crystal* 
Kies  on  cooling.  The  solutions  in  this  process  must  neither  be 
boiled,  nor  filtered  through  paper,  as  the  latter  may  contain 
iiroB.  (Bobiquet).  It  crystallizes  in  pearly  plates,  which  are 
■oft  to  the  touch,  and  possess  an  acid  and  astringent  taste.  It 
]»  sparingly  soluble  in  cold  water,  but  very  soluble  in  hot  water; 
ifrii  equally  soluble  in  alcohol.  Salts  of  the  peroxide  of  iron 
produce  a  deep  red  solution  with  meconic  acid,  without  ooca- 
Mming  any  precipitate.  Chloride  of  mercury  does  not  destroy 
tli8  colour  of  this  solution  (Pamell),  a  property  by  which  me- 
tallic acid  may  be  distinguished  from  the  persulphocyanide  of 
iron,  which  is  also  red,  but  becomes  yellow  when  chloride  of 
mercury  or  gold  is  added  to  it. 

A  concentrated  solution  of  meconic  acid  becomes  yellow, 
"when  boiled,  and  then  deep  brown,  and  there  are  formed  car- 
bonic acid,  oxalic  acid,  comenic  acid,  and  a  dark  brown  matter. 
Bailing  dilute  sulphuric  acid,  or  hydrochloric  acid,  converts  it 
with  effervescence  into  carbonic  acid  and  comenic  acid. 

TTie  mecanates  contain  all  3  atoms  of  base,  one  of  which  is  gene- 
nlly  water.  Meconate  of  lead  contains  2  atoms  of  oxide  of  lead;  it 
ia  an  insoluble  white  powder,  which  is  thrown  down  from  a  solu- 
tion of  opium  by  acetate  or  subacetate  of  lead.  After  being  washed, 
it  ia  diflfused  through  water  and  decomposed  by  a  stream  of 
sulphuretted  hydrogen,  to  liberate  the  meconic  acid,  which  may 
liien  be  indicated  by  a  persalt  of  iron ;  becoming  of  a  wine-red 
colour. 

Comenie  acid,  2JIO,C^2^^0^j  a  bibasic  acid,  which  crystal- 
lises in  very  hard  crusts  or  crystalline  grains,  with  nothing 


mB 


TANNIC   ACni  AND  BODIES  I 


more  tlian  its  basic  water.  It  is  fa| 
on  boiling  a  solution  of  meconic  aa 
acid;  also  by  heating  dry  mecoil 
carboaic  acid  is  disengaged  till  tl 
446%  wben  the  meconic  acid  is  fof 
vertetl  into  comenic  acid.  In  this  tf| 
hydrated  acid  loses  2  atoms  of  water  al 
acid  :  Ci4H^O|4=C,3H^03  and  H^O,, 

Comenic  acid  dissolves  in  16  parts  q 
tion  decomposes  the  alkaline  carbonaM 
peroxide  of  iron.  At  572**,  it  is  deed 
water,  carbonic  acid  and  pytomeconi 
contain  all  tivo  atoms  of  base,  one  { 
water*  1 

Pyromeconic  uddy   HOjC^qH^O^,  a 
presents  itself  as  a  colourless  subbmai 
flattened  plates,  when  crystallized  coii 
dry  distillation  :  C^^H^Oio^Cj^HgOj 
taste   is    styptic,   with   a   bitter   aftei 
24H'*  and  25?*  into  an  oily  liquid,  and: 
any  residue.     It  is  very  soluble  both 
reduces  a  solution  of  gold,  and  como 
solutions  of  peroxide  of  iron.     Its  a 
cipitate,  of  the  composition,  PbO,C|g 
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TANNIC   ACID  AND   BODIMS 

The  formula  of  tannic  acid  or  tam 


2 


+c 


te^a*^©' 


it  is  a  tribasic  acid« 


Tannic  acid  occurs  in  the  bark  of  al| 
and  many  other  trees,  and  in  gall-na 
cured  in  greatest  purity.  It  is  prepf 
perculator  or  apparatus  of  displacen^ 
opening  of  which  is  closed  by  a  plug 
entirely  filled  with  broken  gall-nuts, 
for  the  experiment  tlian  the  powder 
gall-nuts  as  ranch  aqueous  ether  is 
contain,  and  the  mixture  left  to  dis 
The  liquid  is  then  permitted  to  run 
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by  loosening  the  stopper  above  and  admitting  air.  It  Fig,  95. 
IB  found  to  divide  into  two  liquids,  of  which  the 
denser  syrupy  and  yellowish  one,  is  a  very  concentrat- 
ed solution  of  tannic  acid  in  water,  and  the  lighter, 
which  is  coloured  green,  an  ethereal  solution  of  gallic 
«cid  and  other  matters.  Additions  of  ether  are  made 
to  the  gall-nuts,  so  long  as  two  different  liquids  flow 
iirom  the  lower  orifice.  The  aqueous  ether  employed 
is  obtained  by  agitating  common  ether  with  water.  If 
the  gall-nuts  be  moistened  with  water  before  the 
addition  of  the  ether,  the  solution  of  tannin  which 
oomes  off  is  highly  coloured ;  but  if  the  gall-nuts  be 
merely  exposed  to  steam,  and  washed  in  the  perco- 
lator with  anhydrous  ether,  the  process  succeeds 
equally  well  as  with  the  aqueous  ether.  #    i 

By  the  evaporation  of  the  solution  of  tannin,  a  yellow  I 
Hgbt  mass  is  generally  obtained,  which  is  purified  by  so- 
lution in  water,  and  evaporation  in  vacuo  over  sulphuric  acid.  It 
then  forms  a  mass  colourless  or  slightly  yellow,  which  is  not  crys- 
talline but  resembles  dried  gum,  and  becomes  somewhat  deeper 
in  tint  in  humid  air,  but  is  not  otherwise  altered.  It  is  dis- 
solved easily  by  water  and  in  large  quantity ;  the  taste  of  the 
solution  is  purely  astringent  without  bitterness,  it  reddens  vege- 
table blues,  and  decomposes  alkaline  carbonates  with  effer- 
vescence. Tannic  acid  is  soluble  in  aqueous  alcohol,  but  only 
very  slightly  soluble  in  ether.  Its  solution  is  affected  by  air, 
particularly  at  a  high  temperature,  oxygen  being  absorbed  and 
an  equal  volume  of  carbonic  acid  evolved,  while  the  tannic  acid 
18  transformed  into  gallic  and  ellagic  acids.  But  the  solution  of 
tannic  acid  keeps  without  change  in  close  vessels.  A  mode- 
rately strong  solution  of  tannic  acid  gives  with  sulphuric,  hydro- 
chloric, phosphoric,  arsenic  or  boracic  acid,  a  thick  white  pre- 
cipitate, which  is  a  compound  of  the  two  acids  mixed,  and  ia 
very  soluble  in  pure  water  and  in  alcohol.  When  the  solution 
of  tannic  acid  is  precipitated  hot  by  sulphuric  acid,  a  resinous 
mass  is  formed,  which  dissolves  in  dilute  sulphuric  acid  at 
the  point  of  ebullition,  of  a  deep  tint,  and  after  being  boiled  for 
some  minutes  is  converted,  without  any  evolution,  of  gas,  into 
gallic  acid,  which  crystallizes  on  the  cooling  of  the  solution. 
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Tannic  acid  boiled  in  an  excess  od 
same  transformation. 

Tannic  acid  precipitates  anima] 
tion  in  thick  flocks,  which  adhere  and  li 
when  the  acid  is  in  excess  ;  this  pr4 
supernatant  liquid  at  the  boiling  poinl 
gelatin,  and  contains  about  half  its  we 
is  ako  absorbed  from  solution  by  th^ 
which  is  then  tanned  or  converted  into 
soluble  in  water  or  to  be  putrescible,  1 
tates  a  solution  of  starch  and  of  albial 
combining  with  animal  fibrin. 

Tanuatts, — ^The  neutral  tannate  of 
pears  as  a  thick  precipitate,  when  a  iq 
of  tannic  acid  is  treated  with  that  alkl 
precipitate  is  very    soluble  in    an  exQ 
of  barytes,    strontian,   lime,  and  mag 
soluble.     Salts  of  protoxide  of  iron  uoj 
mixed  with  a  solution  of  tannic  aci 
beoome  soon  of  a  deep  bluish  black 
(mide  of  iron  is  a  black  pulverulent  p 
-f  l>HO    (Pelouze),  formed  on  adding 
a  solution  of  tannic  acid ;  it  is  the  basi« 
black   ink   is   prepared  from  bruised. 
copperas  (sulphate  of  iron)  4  ounces 
water  0  pints.     The  galls   are  boiled 
ingredients  then  added,  and  the  whole 
vej$L^4   and  occasionally  shaken*     In 
j^ur  off  the  ink  into  glass  bottles  to  be] 
mould)  add  one  grain  of  corrosive  sub 
creoaole  lo  each  pint  of  ink,  (Brande'a 
emetic  gives  a  white  precipitate  with  tq 
antimony^   HO^-^SCigH^Og,     Tannic^ 
soluble  white  precipitates  witli  most  of 

GALUC   ACID* 

Formula  of  the  crjstnllized  acid,  2ll 
acid  dried  at  Z\2^  j  2HO,C\H03.     Of 
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at  212«:  HO,Pb0.2C7H03  +  HO;  the  last  atom  of  water  is 
lost  at  320^  Of  another  gallate  of  lead :  2PbO,CyH03.  Of 
add  gallate  of  ammonia,  the  composition  is  expressed  by 
NH40,CyH03-f2HO,C7H03;  it  loses  nothing  at  2W.  These 
are  the  only  salts  of  gallic  acid  of  which  the  composition  is 
eertainly  known,  and  they  are  not  sufficient  to  determine 
lAether  or  not  gallic  acid  is  bibasic. 

'  The  metamorphosis  of  tannic  acid  into  gallic  acid,  under  the 
influence  of  boiling  dilute  sulphuric  acid  has  already  been 
adverted  to.  The  same  change  occurs  in  an  aqueous  extract  of 
gallnuts  exposed  to  air  for  several  months.  By  the  absorption 
of  8  atoms  of  oxygen,  1  atom  of  hydrated  tannic  acid  might  be 
converted  into  2  atoms  of  hydrated  gallic  acid,  4  atoms  of  carbonic 
SKid^  and  2  atoms  of  water :  CigHgOiJi  and  08=20711309  and 
4CO3  and  2  HO.  Much  ellagic  acid  is  also  formed  in  the  trans- 
fimnation  of  the  tannin  of  gallnuts,  in  the  air.  To  prepare 
gallic  acid,  a  strong  extract  of  gallnuts  in  cold  water  may  be  pre- 
cipitated in  the  cold  by  sulphuric  acid ;  the  thick  mass  be  mixed 
vrith  dilute  sulphuric  acid,  expressed  while  still  humid,  and  in- 
troduced in  this  state  into  a  mixture  of  sulphuric  acid  with  two 
pairts  of  water  at  the  boiling  temperature.  The  liquid  is  boiled 
fiir  some  minutes  and  then  allowed  to  cool ;  crystals  of  gallic 
add  are  deposited,  which  may  be  purified  by  crystallizing  again 
£nom  water,  converting  the  new  product,  which  is  still  coloured, 
by  means  of  acetate  of  lead  into  an  insoluble  gallate  of  lead, 
which  last  is  washed,  then  diffused  through  water,  and  decom- 
posed by  a  stream  of  sulphuretted  hydrogen  gas ;  the  sulphuret 
of  lead,  which  is  then  formed,  assists  in  carrying  down  the 
oidouring  matter. 

Gallic  acid  crystallizes  on  cooling  from  a  hot  solution,  in  thin, 
ailky  needles.  It  requires  100  parts  of  cold  water  to  dissolve 
i^  but  is  soluble  in  3  parts  of  boiling  water.  It  is  also  very 
■dable  in  alcohol,  and  to  a  small  extent  in  ether.  When  pure 
It  does  not  precipitate  a  solution  of  gelatine.  The  aqueous 
solution  of  this  acid  may  be  kept  apart  from  air  without  change, 
but  with  access  of  oxygen  it  undergoes  decomposition,  a  brown 
matter  being  deposited,  while  carbonic  acid  is  evolved  and  the 
surface  becomes  covered  with  mouldiness.  This  decomposition 
ift  greatly  promoted  by  the  presence  of  a  mineral  acid,  or  of  an 
alkali  in  the  solution.     With  salts  of  peroxide  of  iron  gallic 
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acid  assumes  a  deep  blue  tint ;  the  blaci 
left  in  contact  with  gallic  acid,  is  g^radul 
of  protoxide,  but  not  when  a  salt  of  tU 
been  employed  in  its  formation. 

When  crystallized    gallic  acid  is  di< 
sulphuric  acid,  and  the  solution  heate< 
tint  at  a  temperature  above   2S4^     If  f 
state,  and  cold  water  afterwards  added,  1 
is  formed  of  a  reddish    brown  colour 
which  appears  to  be  gallic  acid  that  hai 
its  composition  after  drying  being  C 
insoluble  in  water,  but  dissolves  easily  I 
analogy,   according   to   Robiquet,   to 
madder.     It  is   decomposed   by  dry  ( 
cinnabar-red  prismatic  crystals* 

All  the  ffallates  are  remarkable  for 
they  absorb  oxygen,  when  in  contact  ^ 
carbonic  acid  is  then  formed  and  a  hi 
water*  In  a  mineral  water  alkaline  frd 
or  magnesia^  an  addition  of  gallic  ad 
dually  to  become  turbid  from  the  formi 
tate,  although  no  iron  be  present,  owii! 
of  the  gallic  acid  itself, 

PyroffalUc  acki,  C^H^ 
doubtful),  is  prepared  by  heating  brisk 
acidj  previously  well  dried,  in  a  retort  b 
till  coloured  eropyreumatic  products 
gallic  acid  is  obtained  as  a  crystalline 
purified  by  a  second  sublimation  at 
white  plates  or  needles,  fuses  at  239* 
limes  without  alteration*  It  does  not 
is  bitter  and  slightly  astringent.  It 
water  at  55^.4  (13"  centig.) ;  the  sotutj 
deposits  a  brown  powder.  It  is  eqiia 
ether.  When  heated  briskly  above 
gallic  acid  blackens,  and  is  converted  : 
acid, 

Pyrogallate  of  lead,  a    white  precipit 
solution   of  pyrogallic  acid  to  acetate  o 


or  CgH^O 
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aooording  to  Berzelius,  and  also  Pelouze,  bat  PbO,CgH304  ac* 
cording  to  the  later  analysis  of  R.  C.  Campbell. 

Metagallic  acid,  ruelangallic  acid  (Berzelius).  The  formula 
of  the  anhydrous  acid  is  Cgll^Oa  (Pelouze) ;  its  probable  atomic 
weight:  HO^Ci^HjO,.  This  body  remains  as  a  fixed  residue 
in  the  retort  when  gallic  acid  or  tannic  acid  is  heated  by  an  oil 
bath  to  482®,  till  all  the  volatile  products  escape.  It  is  then 
dissolved  in  a  solution  of  alkali  and  precipitated  by  an  acid  to 
obtain  it  in  a  state  of  purity.  It  is  a  black  powder,  insoluble  in 
water,  which  forms  soluble  compounds  with  alkalies  of  a  deep 
black  colour. 

Tannic  and  gallic  acids,  although  differing  so  much  in  com- 
position, afford  the  same  products  when  decomposed  by  heat. 
This  is  explained  by  supposing  tannic  acid  a  compound  of  gallic 
and  pyrogallic  acids.  In  fact  3  atoms  of  tannic  acid  contain  the 
elements  of  6  atoms  of  gallic  acid,  and  2  atoms  of  pyrogallic 
add. 

3  (Ci8H80i2)=6  (C^HjO,)  +2  (CeHjOa). 

Ellagic  acid. — The  gallic  acid  which  forms  in  an  infusion  of 
gallnuts  exposed  to  air,  is  always  accompanied  by  a  grey 
powder,  which  being  insoluble,  may  be  purified  by  boiling 
water;  it  is  the  acid  in  question.  Ellagic  acid  dissolves  in 
alkalies  and  is  precipitated  by  acids.  According  to  Pelousse  it 
possesses  the  same  composition  as  dried  gallic  acid,  C7H3O5 ; 
between  212®  and  248",  it  loses  an  atom  of  water  and  becomes 

Catechu,  the  brown  dried  extract  of  the  Acacia  or  Mimosa 
catechu  contains  a  large  quantity  of  tannic  acid  differing 
Kttle  firom  the  tannic  acid  of  gallnuts,  which  may  be  extracted 
by  cold  water.  Tlie  portion  insoluble  in  cold  water,  contains 
a  particular  principle  catechin,  Cj^IIgOg  (Swanberg).  Two 
adds  are  produced  when  catechin  witli  alkalies  or  alkaline 
carbonates  absorbs  oxygen  from  the  air,  and  forms  black  solu- 
tions with  the  former  and  red  with  the  latter;  which  have 
been  named  japonic  acid,  HO  +  Cj^H^O^,  and  rubinic  acid, 
HO,Ci8H60j,  (Swanberg.) 
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SECTION  IV.' 

CITRIC  ACIT)  AND  THE  PRODUCTS  OR 

Formula  of  citrate  of  silver,  :JAg< 
crystals  of  citric  acid  formed  on  thS 
aatttratedat  212%  SHCCj^H^O^j  +  HC 
hydrate  A;  this  hydrate  loses  no 
transparency  at  212*.  It  is  the  type 
citrates  are  formed.  Of  the  cr^^stals  foi 
evaporation  of  a  solution  saturated  in  \ 
SHO,C,2H50i,+2HO;  of  which  the 
crystallization  are  lost  at  2 1 2**. 

Citric  acid  was  discovered  by  Schei 
derable  variety  of  plants,  but  is  procurt 
the  orange  and  lemon  and  from  goosi 
€kf  these  fruits  is  neutralised  by  a  kncyi 
of  lime;  the  insoluble  citrate  of  liid( 
composed  by  a  quantity  of  oil  of  vitrii 
carbonate  of  lime  used,  diluted  with  J 
acid  liquid  is  separated  by  filtration  frc 
of  lime  ;  and  the  citric  acid  crystallized 
sulphuric  acid  present,  which  is  obsef 
talUzation,  while  it  is  impeded  by  citrat 

Citric    acid  crystallizes    in  regular 
tDinated  by  four  faces,  has  an  agreeable 
in  an  equal  weight  of  water  forming  4 
solution  of  citric  acid  in  water   does  ^ 
covered  with  mouldiness.      Wlien    pu 
qompletely  in  alcohol,  without  resida 
precipitate  with  lime-water.     But  wheil 
are  added  to  the  latter  in    excess,  dl 
becomes  turbid  when  lieated,  firom   til 
basic  citrate  of  lime,  3CaO,Cj2H^O„  -hC 
in  acids  without  effervescence.     Citri 
tinguished  by  that   property.      Hydn 
whicli    contains  4  atoms  of  water  fii 
nothing,  although  hydrate  B,  which  col 
at  2i2^     When  the  temperature  of, 
of  both  Jiydrates  undergoea  d 
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ciy fttalli^d  citric  acid  is  gently  heated  with  4  parts  of  oil  of 
vitriol,  a  considerable  quantity  of  carbonic  osdde  is  evolved,  and 
acetic  acid  is  formed.  When  ^sed  with  an  excess  of  hydrate 
of  potashj  citric  acid  is  decomposed  into  oxalic  and  acetic  acids ; 
I  atom  of  citric  acid  containinoj  the  elements  of  2  atoms  of 
aoetic  acid,  2  atoms  of  ostalic  acid  and  2  atoms  of  water. 

Citraies, — The  neutral  salts  of  citric  acid,  besides  3  atoms 
of  fixed  base,  carry  along  with  them  the  atom  of  water  of 
acid  hydrate  A;  which  water  ho%vever  they  either  abandon  at  the 
ordinary  temperature,  like  the  citrate  of  silver,  or  at  a  high 
l^mperature.  In  certain  subcitrates  this  atom  of  water  is  re- 
})laced  by  an  atom  of  metallic  oxide,  such  as  lime  or  oxide  of 
lead-  The  composition  of  these  salts  has  received  considfirabla 
aittenl^qp^i  The  following  are  the  formulae  of  the  most  l^e- 
m&rkable  citrates : 

Citrates  of  potash :  three  salts  exist  containing  as  base  res-* 
pectively,  3KO ;  2KO  +  HO|  and  KO-h:2HO.  Citrates  of 
.^-  It  A,  SNaO^Ci^HgO,,  h-  I IHO  (Bcrzelius) ;  loses  7110 

hi  uid  the  remainmg4HO  between  374°  and  3,92**  (19i*» 

and  200^  ccutig.).  Salt  J3,  gNaO.HO^Cj^HsOn*  Salt  C; 
Na0.2HO,C,^HPii,  Citrate  of  barytes,  aBaOjCj^H^O,, -h 
yilO  (Bcrzelius)  j  loses  6HO  at  302**  and  becomes  anhydrous 
Id J|4S<  i  Another  citrate  of  barytes  appears  to  be  a  compound 
of  the  preceding  sidt,  with  iZBaCHOX^jHstln*  *^  empyrieal 
If^rmula  being  2C,2H50ii  +  5BaO-f  8llO.  Citrate  of  lute, 
jC^Cj^HgOii+'lHO  (BerzeUus)  ;  it  loses  iillO  at  212%  and 
,  |]|e  remaining  HO  at  a  higher  temperature.  The  subcitrate  of 
Ipoie  lately  mentioned  loses  HO  at  212^*.  Citrates  o{  lead : 
ialt  ^,  3PbO,C,aH50„  +  HO,  Salt  B,  ^PbO.HO^Cj^H^O,, 
i:h2HO.  Salt  C,  3PbO,C,<jH30j, -h3PbO<  Suit  D,  3PbO, 
CitH50,i  +  PbO,HO,  Citrate  of  copper,  3CaO,C,2H50,,4- 
|;;aO.  Citrate  of  jrtVter,  3AgO,Ci2H/)„-f  HO ;  loses  HO 
Imlifyicen  fiH*  and  77'*.  Citrate  ot  antimomj  and  potmh^ 
Rl^C,3HBO„-h3KO,C,2H^O,i  +  5HO  (Thaulow)  ;  it  crya- 
t^ize«  iti  prisjns  of  a  brilliant  whiteness  which  lose  their 
whole  water  of  crystallization  at  212^  Citrate  of  ethyl 
ifiCCi^H^^On*     (Liebig'fl  Traite,  ii,  45*) 

(  AconiUc  acid^  HO-hC^H^Og, — When  crystallized  citric  acid 
It  healed,  it  fuses,  gives  off  water,  but  undergoes  no  ci^sentiat 
«baag9  till  iqdammable  gases  arc  disengaged,  and  afterwards  aai 

2  a  Q 
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acid  liquid  which  condenses  in  oily  s 
gas.  Tliese  appearances  indicate  two 
and  if  the  process  be  interrupted  wh( 
water  and  inflammable  vapour  ceases^ 
retort  contains  no  citric  acid,  but  a  ii 
decomposition,  which  proves  to  be  the 
the  Aconitum  napellus  and  Equisetum  , 
already  known  under  the  names  of  ace 
This  acid  is  soluble  in  ether,  which 
also  readily  converted  into  aconific  eti 
hydrochloric  acid  upon  its  solution  i 
pitated  by  water,  while  citric  acid  not 
process  remains  in  the  liquor.  Aco 
composed  by  caustic  potash,  and  the  a 
the  potash  salt.  Aconitic  acid  forr 
crystals.  When  briskly  distilled  it  al 
isomeric  acids,  which  sublime  (see  pag< 

Itaconic  acid,  HO  +  CjHaOg  ;  knowi 
and  citricic  acid.  It  crystallizes  in  rho 
in  17  parts  of  water  at  50**,  in  10  at  68 
and  ether. 

CUraconic  acid  (hydrated),  HO4-C5I 
as  citribic  acid  by  M.  Baup.  It  is  obt 
tillation  as  an  oily  limpid  liquid,  CsIIg* 
without  decomposition. 

SECTION    V 

TARTARIC   AND    PARATARTARIC   ACIDS   / 
THEIR   DECOMPOSIT 

TARTARIC   ACIl 

Formula  of  the  crystallized  acid,  2H 
acid. 

This  acid,  which  in  common  with  sc 
prepared  by  Scheele,  exists  in  many  fri 
of  lime  ill  several  roots,  but  is  preparer 
the  grape,  which  contains  tartaric  acid 
bitartrate  of  potash.  The  last  salt  pre< 
mentation  of  wine,  owing  to  its  iusolul 
crude  state,  it  is  known  as  ar^oly  and  ii 
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purified,  as  cream  of  tartar.  To  procure  tartaric  acid,  cream  of 
tartar  is  dissolved  in  boiling  water  and  neutralised  with  car- 
bonate of  lime,  which  throws  down  one  half  of  the  tartaric  acid 
as  an  insoluble  tartrate  of  lime ;  the  other  half  of  the  acid 
contained  in  the  neutral  tartrate  of  potash,  is  precipitated  by  a 
solution  of  chloride  of  calcium.  The  tartrate  of  lime  is  decom- 
posed by  an  equivalent  quantity  of  sulphuric  acid,  and  the 
tartaric  acid  separated  from  the  insoluble  sulphate  of  lime  by 
filtration  ;  3  parts  of  oil  of  vitriol  are  usually  taken  for  6  parts 
of  cream  of  tartar.  The  acid  solution  is  evaporated  in  leaden 
▼easels  by  a  gentle  heat,  during  which  process  some  sulphate  of 
Ifane  is  deposited.  A  syrupy .  solution  of  tartaric  acid  left  in  a 
warm  place  yields  crystals  which  are  oblique  prisms  of  a  rhombic 
base,  terminated  by  dihedral  summits  and  truncated  on  the 
longitudinal  edges,  or  hexagonal  prisms  terminated  by  three 
faces  of  truncation ;  but  the  two  parallel  faces  arc  generally 
more  developed  than  the  others,  so  as  to  give  the  crystals  the 
appearance  of  tables.  The  crystals  arc  persistent  in  air,  of  a 
strongly  acid  and  agreeable  taste,  dissolve  in  1  i  parts  of  cold 
water  and  in  less  hot  water,  and  are  equally  soluble  in  alcohol. 
The  aqueous  solution  of  tartaric  acid  and  its  salts  undergoes 
decomposition,  and  becomes  covered  with  mouldincss.  When 
the  crystallized  acid  is  heated,  it  loses  water  and  produces  a  series 
of  new  compounds.  Treated  at  a  high  temperature  with  a 
strong  solution  of  hydrate  of  potash,  tartaric  acid  is  entirely 
converted  into  acetate  and  oxalate  of  potash ;  one  atom  of  crys- 
tallized tartaric  acid  actually  containing  the  elements  of  1  atom 
of  hydrated  acetic  acid  and  two  atoms  of  hydrated  oxalic  acid : 

2HOH-CgH40io=IIO,C4H303  and  2  {HOfifi^). 

A  solution  of  tartaric  acid  does  not  disturb  solutions  of 
idiloride  of  barium  and  chloride  of  calcium,  but  produces  a  white 
precipitate  in  barytes  and  lime-water,  and  in  acetate  of  lead. 
A  solution  of  tartaric  acid  is  also  used  in  precipitating  potash 
from  its  salts,  when  not  very  dilute,  the  bitartrate  of  potash 
Ailing  down,  upon  agitation,  as  a  granular  precipitate,  which  is 
sparingly  soluble  in  water,  but  dissolves  readily  in  hydrochloric 
acid.  The  addition  of  tartaric  acid  to  many  metallic  solutions, 
prevents  their  precipitation  by  alkalies. 

Tartrates. — According  as  one  or  both  atoms  of  water  in  tar- 

2   Q   Q   2 
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taric  acid  are  replaced  by  a  metallic  oTciclOj  an  acid   or  net 
tartrate  is  formed,  and  when  the  2  atoms  of  metaUlc  oxide  arc 
different,  a  double  tartrate. 

Neutral  tartrate  of  potash,  2  KOjC^H^Ojq  is  anhydroni,  and 
soluble  in  an  equal  weight  of  cold  water.  Acid  tartrate  of  potsA 
(bitartrate),  HO.KOyCgH^On,  is  also  anhydrous,  soluble  in  18 
parts  of  boiling  water,  and  in  184  parts  of  water  at  68*5  it  ti 
insoluble  in  alcohol.  Purified  tartar,  when  beated  alone,  givei 
a  carbonaceous  mixture  {black  flux)^  and  when  deflagrated  wiA 
2  parts  of  nitre,  it  leaves  white  carbonate  of  potash  (whfieJ9u^, 
Tuartrate  of  potash  and  soda^  or  rochelle  salt,  KO»NaO|CgH^Ojg 
+  lOHO  (Schulze),  is  formed  by  neutralising  acid  tartmi^of 
potash  with  carbonate  of  soda,  is  soluble  in  half  its  weight  cjf 
cold  water  and  persistent  in  air.  It  crystallizes  with  tiwoeqaifi- 
lents  of  the  tartrate  of  potash  and  boracic  acid,  and  forms  a 
double  salt,  which  is  anhydrous.  Neutral  tartrate  o(  rnnmmfif 
2NH^O,C8H^Oi,,  +  2HO  (Dulk).  Acid  tartrate  of  ammonii 
resembles  acid  tartrate  of  potash.  A  hot  solution  of  this  salt 
dissolves  a  large  quantity  of  araenioua  acid^  and  fields, 
evaporation,  large  and  transparent  crystals  of  a  salt  of  two 
NH40.As03,C3ll40jo,  analogous  in  composition  to 
potash  and  antimony.  Tartrate  of  potash  and  boraeie 
KO.B03,CgH40|fl  (Duflos),  is  a  white  uncrystalline  maasi  Tefy 
soluble  in  water,  obtained  by  dissolving  a  mixtur  ^"  ";\  parts 
of  cream  of  tartar  (I  atom),  and  15^  parts  of  cry>  bonuac 

acid  (J  atom),  by  means  of  hot  water.  Heated  in  a  dry  coodi' 
tion  to  482**  (^oO"  centig.),  this  salt  loses  2 HO,  like  tartrate  d* 
antimony  and  potash,  at  the  expense  of  the  elemenla  of  ihf 
acid,  the  empyrical  formula  of  the  salt  becoming  C^H^O^KO^BO, 
(Soubciran  and  Capitaine),  Tartrate  of  potash  and  ^ero^Hde  rf 
iron  is  a  pharmaceutical  preparation ;  its  compasitiiKi  vfaan 
dried  at  212**  is  KCFe^Oj^C^H^Ojo,  (S.  and  C),  Taartimte  of 
antimony  is  a  salt,  crystallizing  with  diBiculty,  of  wbtiJi  tkc 
composition  is  unknown.  Three  double  tartrates  i^f  aniimmf 
and  potanfh  are  known;  (1)  Tartar  emetic  (page  639,J  ik 
formula  of  which,  dried  at  21 2^  is  KO^SbOsjCgH^Oi^^,  and  b^td 
to  392''  (2W  centig.),  KO.SbO^C JI^O^.  (2.)  Tartar  wnetk 
combines  with  3  atoms  of  the  acid  tartrate  of  potash,  and 
a  crystallizablc  double  salt,  when  the  mixture  of  these  two 
is  kept  constantly  boiling  in  the  preparation  of  tartar 
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(Knapp).  (3).  A  salt  KO.Sb03,2C8H^O,Q  +  7HO  (Knapp), 
fcMtned  by  dissolving  together  9  parts  of  tartar  emetic,  and  4 
parts  of  crystallized  tartaric  acid^  which  is  very  soluble  and  crys* 
tallizable.  Tartrate  of  antimony  and  lead,  PbO.SbO3,C8H4O|0 
(Dumas),  the  white  precipitate  which  falls  on  adding  a  salt  of 
laad  to  a  solution  of  tartar  emetic,  dried  at  212^  Heated  to 
S92%  it  loses  2  HO,  like  UrUr  emetic. 

.  Action  of  heat  upon  tartaric  acid. — ^Tartaric  acid  fuses  between 
JI66''  and  284%  and  becomes  brown  at  320*".  By  the  action  of 
heat  it  loses  first  one  fourth,  then  one  half,  and  finally  tlie  whole 
o£  the  water  of  its  hydrate  (Fremy),  forming  two  new  acids, 
the  relation  of  which  to  tartaric  will  be  best  seen  by  doubling 
the  formula  of  the  latter : 

Anhydrous  tartaric  acid     .     .  Ci^HgOgo 

Tarirelic  acid C,6H8O20  +  2UO 

Tartralie  acid C^^Ufi^llO 

Crystallised  tartaric  acid    •     .  C|5HgO20+4HO 

When  the  solutions  of  the  modified  acids  are  boiled,  they  are 
quickly  converted  into  ordinary  tartaric  acid.*  Representing 
anhydrous  tartaric  acid  by  C4H2O5,  we  have  then,  for  the 
modified  acids,  the  following  formulae  (Liebig)  : 

2(C4H205)+2HO   •     .    crystallized  tartaric  acid. 
3(C4Ha05)H-2HO  .     .    tartralie  acid. 
4(C4H205)+2HO  .     .    tartrelic  acid. 

The  salts  of  tartralie  and  tartrelic  acids  with  alkaline  bases 
kre  not  crystallizable.  Anhydrous  tartaric  acid  is  produced  by 
keeping  the  crystallized  tartaric  acid  for  some  time  in  an  oil 
baih,  at  302^  (150^  centig.) ;  it  is  insoluble  in  cold  water. 
'  Tartaric  acid  yields  the  two  following  acids  by  its  destructive 
dbtillation : 

Liquid  pyrotartaric  acidy  HO,CgH305,  which  forms  a  mono- 
haaic  ether  and  other  salts. 

SoUd pyrotartraric  acidyllOyC^H./)^  (Pelouze),  is  formed  only 
in  small  quantity  by  the  distillation  of  tartaric  acid,  but  in 

*  Fremy  ;  Ann.  de  Chim,  et  de  Pbyi.  t.  (!8,  p.  STiS. 
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larger  quantity  by  the  distillatiaii   of  add  taitmte  of 
(WenUelos), 
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Liebig  assigns  to  this  acid,  dried  at  212%  the  formula  HO 
+  C4H2O5,  which  contains  half  the  number  of  atoms  in  tartaric 
acid,  and  considers  the  former  as  a  monobasic  acid,  while  tar- 
taric acid  is  bibasic.  By  this  diflFerence,  the  isomerism  of  these 
two  acida  (page  1 57)  is  accounted  for.  Crystallized  paratartaric 
acid  contains  an  additional  atom  of  water,  and  is  represented 
by  HO,C4HA  +  HO. 

Paratartaric  acid  was  discovered  by  Mr.  Kestner,  of  Tliano, 
and  particularly  studied  by  John,  by  Gay-Lussac  and  Berzeliua. 
It  forms  no  double  salt  of  potash  and  soda,  analogous  to  Ko- 
chelle  salt,  and  is  probal>ly  on  that  account  monobasic*  Par** 
tataric  acid  is  contained  in  the  cream  of  tartar  of  the  wines  of  tlie 
VoBges,  and  perhaps  other  localities,  and  is  separated  by  ncu* 
tralising  that  salt  with  carbonate  of  soda,  and  crystallizing  out 
the  tartrate  of  potash  and  soda.  Tlie  mother  Uquor  is  precipi- 
tated by  chloride  of  calcium,  and  the  mixed  tartrate  and  pini- 
tartrate  of  lime  decomposed  by  sulphuric  acid ;  on  coucentraiingi 
Uie  paratartaric  acid  crystallizes  before  the  tartaric,  being  coo- 
siderably  less  soluble. 

Paratartaric  acid  crystallizes  in  oblique  prisms,  of  a  rhoi 
base,  which  ctHoresce  in  dry  air.  It  is  a  more  powerftil 
than  tartaric,  decomposing  nitrate  and  sulphate  of  lime 
chloride  of  calcium,  with  precipitation  of  paratartrate  of 
Hence  paratartaric  acid  was  first  mistaken  for  oxalic  acid* 
paratartrate  of  lime  so  formed,  dissolves  in  hydrochloric  addy 
and  is  precipitated  by  ammonia. 

Poraiarirates, — These  salts  are  identical  in  compositian  iritii 
the  tartrates  of  the  same  base,  but  only  a  few  of  ihmtk  biff 
been  examined.  Paratartrate  of  had  is  an  insalafale  while 
powder.  Paratartrate  of  antimony  and  potask  is  prepared  ta 
the  same  way  as  tartar  emetic,  and  has  the  same  oomposittoiH 
but  diSers  in  crystalline  form,  being  in  four-^ided  prisma,  oft 
rhombic  base,  or  in  needles  grouped  about  a  centre.  IWalar- 
taric  acid  lias  little  disposition  to  form  double  salt^, 

Accordbg  to  the  observations  of  Fremy^  orystaUised  pan* 
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tartaric  acid  loses  water  when  heated^  and  gives  rise  to  two 
new  and  peculiar  acids,  corresponding  in  composition  with 
tartralic  and  tartrelic  acids.  At  a  still  higher  temperature, 
it  gives  rise  to  a  body  which  is  identical  in  properties  with 
anhydrous  tartaric  acid.  It  gives  also  by  dry  distillation  the 
aame  two  pyrogen  acids  as  tartaric  acid. 

SECTION    VI. 

MAUC  ACID. 

Formula  of  the  hydrated  acid;  2HO-fC8n403.  Malic  acid 
is  bibasic  (Hagen). 

This  is  the  acid  of  apples,  from  which  it  derives  its  name, 
but  is  of  frequent  occurrence  in  other  acidulous  fruits  and  vege- 
table juices,  where  it  is  accompanied  by  citric  and  tartaric  acids. 
It  is  generally  prepared  from  the  berries  of  the  mountain  ash 
{Sarbus  acuparia).  The  fruit  is  collected  in  August,  while 
acaroely  red  and  before  it  is  ripe.  It  is  bruised  in  an  iron 
mortar,  the  juice  expressed,  filtered  through  linen,  and  treated 
in  a  bason  of  copper  with  a  thin  milk  of  lime  till  the  mixture 
oommences  to  change  colour.  An  excess  of  lime  occasions  a 
deep  green  coloration,  but  the  liquid  ought  to  have  a  slight 
add  reaction,  and  to  retain  a  reddish  brown  colour.  When 
now  made  to  boil,  a  large  quantity  of  a  neutral  malate  of  lime 
precipitates,  crystalline  and  granular,  which  may  be  taken  out 
as  it  collects,  by  means  of  a  colander.  After  this  is  deposited, 
a  new  portion  of  milk  of  lime  may  be  added,  with  the  same 
precautions,  and  a  fresh  portion  of  malate  of  lime  is  obtained. 
This  salt  is  washed  cold,  and  introduced  while  still  humid  into 
a  boiling  mixture  of  1  part  of  nitric  acid  and  10  parts  of  water, 
so  as  to  dissolve  it.  A  concentrated  solution  deposits  on  cool- 
ing a  large  crop  of  colourless  and  regular  crystals,  of  the  acid 
malate  of  lime.  Tlie  addition  of  acetate  of  lead  to  the  purified 
acid  malate  of  lime,  throws  down  a  curdy  white  precipitate, 
which  contains  lime,  but  on  allowing  it  to  digest  at  a  moderate 
heat  in  an  excess  of  acetate  of  lead,  the  lime  is  abandoned,  and 
crystals  form  in  four-sided  prismatic  needles,  grouped  about  a 
common  centre,  and  possessing  a  silky  lustre,  which  are  neu- 
tral malate  of  lead,  containing  G  atoms  of  water  of  crystallization. 
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(faydiated)^  ^HO+C^HjO^  Tms  ^-td 
ower  on  the  bride  diitiilation  of  loaiic  arid.  It  cTTst^hscs 
plates  or  tn  obliqiie  prianw  of  a  rhombic  bas^  is  very  lolubk  id 
watcr^  afaohol  and  ether,  its  taste  b  acid  and  AaagiKnblg^  INi- 
tatted  by  m  afaaip  h^  it  is  decomposed,  and  iMidvi^  into  water 
and  a  white  Tobnk  matter,  mk^drmm  wmleit  add,  fvaihktt 
134*jS«  mad  boifing  at  S40*.  There  oist  both  a  nevtnl  sad 
acid  malfatr  of  aiktr,  the  fint  itnitainiiig  C  atoms  of  oaidi  of 
silrer,  and  the  last,  1  atom  of  oxide  of  silrer  with  1  atom  ol 
water  as  base,  so  that  maleic  add  is  oartainly  bibasie. 
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ittifiiM  imoaoeoiui  plate%  ioloble  in  300  parte  of  eold  water;:  it 
ia  mote  aohible  in  hot  water  and  also  in  alcohol.  Iterfstal^ 
iKms  ftom  bailiff  nitric  add  without  change.  Fumeric  add 
■My- be  snblimed  from  a  spatula,  in  the  open  air,  without  lemng 
any  residue,  but  is  decomposed  in  a  great  measure  when  die- 
-tittBd  in  a  retort.  A  volatile  fumaric  ether  was  formed  by 
Hagen;  and  by  digesting  the  latter  with  aqueous  ammonia, 
^fimnaramidej  C4HO2+NH2,  which  is  an  amorphous  powder,  of 
bryiiBnt  whiteness,  almost  insoluble  in  cold  water  and  in 
dn^oL 

SECTION  VIT. 

KINIC  OR  QUINIC  ACID. 

:•  The  formula  of  neutral  kinate  of  silver  is  AgO+Cj^HiiOij ; 
of  neutral  kinate  of  lime,  CaO+C|4H|20i|,  from  which  it  is 
inferred  that  the  formula  of  anhydrous  kinic  add  is  C,4Hi|Oji. 
The  formula  of  the  crystallized  acid  is  C^HqOq,  or  Ci4H]20|2 
sbHO  +  C|4H||Oip  But  the  kinates  of  lead  and  copper  appeigr 
to  belong  to  another  class,  of  which  the  acid  is  bibasic,  and  its 
hydrate  2HO  +  C7H4O4;  the  formula  of  the  kinate  of  lead 
being  2PbO+C7H404,  and  the  formula  of  the  basic  kinate  of 
copper,  CUO.HO+C7H4O4  (Woskresensky). 

Kinic  add  was  discovered,  in  1 790,  by  Hoffmann.  It  exists 
as  kinate  of  lime  in  the  bark  of  all  the  quinquinas,  and  accord- 
ing to  Berzelius,  accompanies  gallic  acid  in  the  laburnum  of 
many  trees.  In  preparing  quinine  and  dnchonine,  by  boiling 
the  bark  of  quinquina  with  hydrochloric  or  sulphuric  add,  and 
predpitating  the  alkali  from  the  extract  by  an  excess  of  lime, 

.  the  Idnate  of  lime  remains  dissolved,  and  is  deposited  from  the 
4H>lution  evaporated  to  a  syrupy  consistence,  in  the  state  of 
cryf  tals.    The  salt  is  decompos^  by  heating  gently  for  several 

'  liours  a  mixture  of  6i  parts  of  it,  with  1  part  of  concentrated 
-aulphuric  add  diluted  with  10  parts  of  water.  The  supernatant 
liquid  is  drawn  off  from  the  predpitated  sulphate  of  lime,  alcohol 
added  to  it  so  as  to  throw  down  the  sulphate  of  lime  remaining 
in  solution ;  and  finally,  the  clear  solution  is  evaporated  by  a 
moderate  heat  to  a  syrupy  consistence,  and  left  to  itself.  The 
kinic  add  crystallizes  in  voluminous  crystals  derived  fixim  a 
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Other  impurities  are  separated  from  it,  and  the  pure  oil  rises  to 
the  surface.  It  consists  of  margarine^  oleine,  butjrrine,  caprone, 
mnd  caprine.  The  three  latter  are  in  small  quantity,  but  it  is  to 
them,  that  the  peculiar  pleasant  smell  and  taste  of  fresh  butter 
are  owing.  They  are  compounds  of  oxide  of  glyceryl  (page  877) 
with  butyric,  caproic  and  capric  acids. 

Hircie  acidy  was  discovered  by  Chevreul  in  the  fat  of  the  goat ; 
its  composition  is  unknown. 

Phocenic  or  delphinic  acid,  HO  +  C10H7O3  (Chevreul) ;  another 
Tolatile  acid  contained  in  train  oil  or  seal  oil,  and  in  the  berries 
of  Vibmmum  opulus.  Phocenic  acid  is  a  colourless  Uquid  which 
bums  Uke  a  volatile  oil;  its  taste  is  nauseous  and  ethereal, 
its  density  0.932  at  82''.4,  its  boiling  point  above  212°;  it  dis- 
solves in  18  parts  of  water  at  8(>®. 

All  these  volatile  acids  are  obtained  in  the  same  way.  The  fat 
oil  which  they  accompany  is  saponified  by  an  alkali,  and  the  soap 
decomposed  by  an  excess  of  tartaric  acid,  in  which  the  volatile 
acids  are  soluble,  and  may  thus  be  separated  from  the  fat  insolu- 
ble acids.  The  volatile  acid  is  then  converted  into  a  salt  of  barytes 
by  adding  barytcs-water  to  it,  and  thus  precipitated.  The 
bary  tic  acid  is  again  decomposed  by  phosphoric  or  sulphuric  acid, 
and  the  volatile  acid  thus  set  at  liberty  is  rectified  by  the  heat 
of  a  water-bath  ;  it  is  then  purified  completely  from  water  by 
means  of  fused  chloride  of  calcium.  These  volatile  acids  form 
but  a  small  proportion  of  the  butter  and  oil  in  which  they  are 
found. 

Cevadic  acid  exists  in  the  fat  extracted  by  ether  from  the 
seeds  of  Veratrum  scUfadilla.  It  forms  by  distillation  a  sublimate 
of  white  needles  of  a  silky  lustre,  fusible^  at  68°  (Pelletier  and 
Caventou.)     It  is  named  also  sabadillic  add, 

Veratric  add  (dried  at  212°)  HO  H-CigHyO^,  is  obtained  by 
exhausting  the  seeds  of  cevadilla  by  alcohol  and  sulphuric  acid, 
and  neutralising  the  alcohoUc  extract  by  hydrate  of  lime  ;^  vera- 
trine  and  other  products  precipitate,  but  veratric  acid  remains 
in  solution  combined  with  lime,  and  is  obtained  by  decomposing 
its  salt  of  lime  with  hydrochloric  acid.  Veratric  acid  forms 
short  thin  quadrangular  prisms,  colourless  and  having  a  slightiy 
acid  taste.  Its  solubility  in  cold  water  is  small,  but  it  is  more 
soluble  in  hot  water,  dissolves  easily  in  hot  alcohol  and  crystal- 
lizes on  cooling;  it  is  insoluble  in  ether.    The  crystals  lose 
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;  Striac^  or  Myristic  acid,  HO+CjaHagOa  (Playfair)*  This 
acid  iB  obtained  from  the  solid  portion  of  the  butter  of  nutmegs, 
tb&  fruit  of  Hfyrislica  mo9chata,  in  which  it  is  combined  with 
glycerine.  This  solid  portion  dissolves  completely  in  4  parts  of 
bailing  alcohol,  by  which  it  may  be  easily  distinguished  from 
other  scduble  ht  bodies,  and  gives,  on  the  cooling  of  the  liquid^ 
the  sericate  of  glyceryl  in  thin  silky  needles. 

Sericic  acid,  which  was  discovered  by  Dr.  Playfair,  crystallizes 
in  white  brilliant  plates,  of  a  silky  lustre,  (hence  the  name, 
saricio  acid) ;  it  fuses  between  118'*.4,  and  120.''2  (48''  and  49^' 
oentig.),  and  on  cooling  becomes  a  mass,  having  a  very  distinct 
crystalline  structure.  It  is  very  soluble  in  alcohol  and  ether^ 
insoluble  in  water.  It  is  decomposed  by  dry  distiUation,  and 
violently  attacked  by  nitric  acid.  Sericates  of  alkaline  bases 
are  distinguished  from  other  soaps  by  crystallizing  from  alcohol ; 
their  solutions  do  not  become  viscid  and  thready  by  concentra- 
tion, nor  are  they  disturbed  by  the  addition  of  much  water 
(Playfair).  Sericic  ether  is  an  oily,  colourless  liquid,  of  density 
0.864.  Sericine,  or  sericate  of  glyceryl,  contains  as  base  oxide  of 
glyceryl  minus  2H0,  orCgH^Ojj  its  formula  being  CugHiijOi^ 
=4  (C^H,,03). 

Palmitic  addy  HO  +  CajHgiOj  (Fremy,  Stenhouse).  A  soap 
of  the  palm  oil  of  commerce  yields  when  decomposed  by  an 
acid,  a  mixture  of  palmitic  and  oleic  acids ;  which  mixture,  dis- 
solved in  boiling  alcohol,  gives  crystals  of  palmitic  acid  on 
cooling.  Purified  by  repeated  crystallization  from  alcohol,  pal- 
mitic acid  forms  brilliant  plates,  which  completely  resemble 
those  of  margaric  acid,  and  have  the  same  point  of  fusion,  140^  • 
it  is  insoluble  in  water.  It  dissolves  in  alkaline  carbonates,  and 
forms  a  transparent  emulsion.  After  being  heated  to  57*2^ 
^300<'  centig.),  palmitic  acid  does  not  crystallize  from  alcohol  in 
leaflets,  but  in  mammillated  masses,  which,  however,  have  pre- 
cisely the  same  composition  (Fremy).  Palmitic  acid  distils  with 
T^ry  little  alteration.  Chlorine  decomposes  the  acid  when 
heated,  and  yields  several  chlorinated  products,  which  are  less 
fluids  and  acid,  but  do  not  combine  with  bases  without  losing 
their  chlorine.  Palmitate  of  glyceryl  or  palmitine^  when  pure  is 
crystalline,  and  of  brilliant  whiteness,  is  very  slightly  soluble  in 
boiling  alcohol,  but  dissolves  in  boiling  ether  in  all  proportions, 
and  is  deposited,  on  cooling,  in  extremely  small  crystals.  From 
the  analysis   of  Dr.   Stenhouse,  palmitine  is  represented  by 
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potasb  or  soda,  such  as  that  of  olive  oil^  when  dissolved  -in  about 
eight  times  its  weight  of  hot  water^  and  the  solution  afterwards 
diluted  by  fifty  times  its  bulk  of  water,  allows  an  acid  tnargarate 
of  potash  or  soda  to  precipitate,  which  may  be  purified  from  a 
little  oleate  with  which  it  is  contaminated  by  repeated  crystalli- 
zation from  alcohol.  This  salt  contains  1  atom  of  water,  and  L 
atom  of  potash  as  base.  Both  the  acid  and  neutral  margarates 
of  potash  crystallize  from  an  alcoholic  solution  in  plates,  which 
have  less  lustre  than  the  corresponding  stearates.  Margarine^ 
or  the  margarate  of  glyceryl,  has  not  been  analysed  in  a  state  of 
purity.  The  solid  matter  which  is  formed  in  olive  oil  when 
cold,  is  a  combination  of  margarate  and  oleate  of  glyceryl,  ac- 
cording to  Pelouze  and  Boudet. 

Stearic  acid^  hyponiargarylic  acid,  2H04-Cg8Hgg05=2HO 
+2(^34^^33)  +O5. — This  acid  was  discovered  by  Chevreul,  com- 
bined with  oxide  of  glyceryl  in  animal  and  vegetable  fats  and 
in  the  bile  of  many  animals.  It  may  be  obtained  pure  by 
crystallizing  the  stearic  acid  of  commerce  from  alcohol,  till  its 
point  of  fusion  is  between  158°  and  167®.  The  latter  substance, 
which  forms  the  stearinc  candles  of  commerce,  is  obtained  by 
saponifying  tallow  with  hydrate  of  lime,  to  get  rid  of  its  oxide 
of  glyceryl  which  being  set  free  dissolves  in  water,  and  de- 
composing the  insoluble  soap  of  lime  with  dilute  and  boiling 
sulphuric  acid,  llie  oleic  acid  is  separated  from  the  stearic 
acid  by  submitting  the  latter  to  pressure  between  hot  metallic 
plates.  The  cake  thus  obtained  is  said  to  contain  not  more 
than  traces  of  margaric  and  oleic  acids.  Mixed  stearic  and 
oleic  acids  may  also  be  separated  by  solution  in  boiling  alcohol, 
from  which  the  stearic  acid  crystallizes  out,  and  may  be 
purified  by  successive  crystallizations  from  alcohol. 

Stearic  acid  crystallizes  by  cooling  in  white  brilliant  needles, 
soft  to  the  touch,  pulverisable  and  insoluble  in  water.  When 
fused  and  cast  in  a  mould  its  surface  is  rough  from  crystalline 
granidation,  but  if  a  minute  quantity  of  finely  pulverised  talc 
(French  white)  be  mixed  with  the  melted  acid,  it  then  soli- 
difies with  a  perfectly  smooth  and  glossy  surface  like  that  of 
wax.  Arsenious  acid  was  improperly  used  at  one  time  to 
produce  the  effect  described  in  stearine  candles.  Stearic  acid 
fuses  at  16/0,  and  solidifies  at  158<^  (Chevreul);-  its  density 
when  solid  is  1.01,  in  the  liquid  condition  0.854.     It  is  tasteless 
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entirely  into  bistearate.  Tlie  solutions  of  the  stearates  of  alka* 
Kne  bases  are  precipitated  by  salts  of  all  tlie  other  metallic 
Qtidesj  insoluble  stearates  being  formed. 

Siearine,  or  the  acid  stearate  of  oxide  of  glyceryl  is  the 
essential  part  of  all  kinds  of  suet;  it  may  be  obtained  by  fusing 
purified  mutton  suet  by  a  water  bath,  dissolving  it  in  8  or  10 
tinges  its  volume  of  ether,  allowing  the  solution  to  cool,  which 
becomes  a  thick  mass,  and  washing  the  expressed  solid  matter 
"With  ether.  It  forms  white  pearly  plates,  fuses  at  140°  or  143".6 
(60^  or  62°  centig.),  and  on  cooling  again  forms  a  solid  pulve- 
lisable  mass  which  is  nut  crystalline.  It  dissolves  in  G  or  7 
parts  of  boiling  alcohol.  Tliis  stearate  in  combination  with  the 
oleate  of  glyceryl  forms  the  solid  portion  of  die  butter  of  cacao. 
Accgrding  to  the  analysis  of  Liebig  and  Pelouzc,  stearine  may 
be.  represented  by  CgHyO^.HOjCegUeeOg  |  IIO,  or  by  1  atom 
of  l^ypomargarylic  acid  combined  with  1  atom  of  oxide  of 
glycer}*l  and  L  atom  of  water  as  bases,  with  an  additional  atom 
of  water  of  crystallization. 

PRODUCTS  OF  THE  DRY  DISTILLATION  OF  MARGARIC  AND 
STEARIC    ACIDS. 

Stearic  acid  distilled  in  a  vessel  about  two  thirds  filled  with 
the  acid,  yields  first  a  white  solid  product,  which  fixes  at  156^2 
(69°  centig.),  and  is  a  mixture  of  margaric  acid  fusible  at  140**, 
of  a  crystalline  neutral  body  margarone  fusible  at  170".6,  and 
of  a  liquid  hydrocarbon  in  small  quantity.  The  last  half  of  the 
d^filled  product  is  generally  softer  and  accompanied  with  in- 
fUimmable  gases;  and  towards  the  end  tlie  residue  blackens 
aiid  assumes  the  consistence  of  tar.  When  stearic  acid  is 
distilled  with  one  fourth  of  its  weight  of  quicklime,  a  sofl  buttery 
mass  is  obtained,  consisting  in  a  great  measure  of  the  liquid 
hydrocarbon  and  margarone.  The  products  of  the  distillation 
of  ipargaric  acid  are  similar.     (Redtenbacher  and  Varrcntrapp.) 

Marfforone,  C33H33O,  was  discovered  by  Bussy.  It  is  formed 
by  tifie .  dry  distillation  of  margaric  and  stearic  acids  alone  or 
mixed  with  quicklime ;  it  may  be  freed  from  adhering  margaric 
Mci^  by  caustic  ley  in  which  margarone  is  insoluble,  and  purified 
by  crystallization  from  alcohol.  It  is  a  white  very  friable 
pearly  mass,  and  becomes  electrical  by  friction.     It  is  volatilised 
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sucmnie  acid  and  an  oily  substance   soluble  in  nitric  acid. 
(Bffomeis.) 

Suberic  octd^  HO+CgH^Og. — Brugnatelli  first  obtained  this 
aind  by  the  action  of  nitric  acid  upon  cork  (page  7^d)«  It  is 
pnpared  by  evaporating  the  solution  of  stearic  or  margaric  acid 
in  nitric  acid  to  one  half  and  allowing  it  to  rest ;  the  solution 
itt  S4  hours  becomes  a  semi-solid  mass,  which  is  thrown  into  a 
fbniiel  to  drain,  and  washed  with  cold  water.  When  expressed 
and  crystallized  several  times  it  forms  pure  suberic  acid. 
Soberie  acid  when  humid  fuses  between  122*  and  129^.2  (50  to 
54*  centig.)}  but  when  dried  in  air  or  in  vacuo,  between  244*.4 
and  S4S^  (1 18  to  120*  centig.) ;  it  is  distilled  without  alteration. 
Suberic  acid  is  sparingly  soluble  in  cold  water,  but  dissolves 
in  1.87  parts  of  boiling  water,  in  0.87  of  boiling  alcohol,  also  in 
10  parts  of  cold  and  6  parts  of  boiling  ether.  Suberate  of  lime 
divtiUed  with  an  excess  of  quick-lime  gives  among  other  pro- 
ducts a  colourless  liquid,  which  boils  at  374*,  and  remains 
liquid  at  10.4*  ( — 12*  centig.),  of  which  the  composition  is 
expressed  by  CgHyO. 

Succinic  acid^  HO  +  C4H2O5;  and  when  sublimed  HO 
+  2C4H2O3.  This  acid  has  long  been  derived  from  the  distil- 
lation of  amber  (page  904)  and  exists  according  to  several 
observers  in  the  resin  of  some  Contfera.  The  mother  liquor 
which  remains  after  the  separation  of  suberic  acid  in  the  process 
deacribed  above,  contains  succinic  acid  soiled  with  suberic  add. 
The  solution  with  the  washings  of  tlie  suberic  acid  is  evaporated 
to  crystalUzation,  the  product  dried  and  treated  with  ether  in 
the  cold,  which  easily  dissolves  suberic  acid  while  it  leaves  the 
succinic  acid  behind  in  a  great  measure.  The  latter  may  be 
purified  completely  by  sublimation. 

The  crystids  of  succinic  acid  are  colourless  and  inodorous, 
of  density  1.50,  have  a  somewhat  acrid  taste,  and  subUme  with- 
out decomposition.  This  acid  may  be  obtained  quite  anhydrous 
by  several  distillations,  and  then  condenses  as  drops  in  the 
receiver.  The  hydrated  acid  dissolves  in  2  parts  of  boiling  and 
5  parts  of  cold  water  ;  it  is  equally  soluble  in  alcohol  and  ether. 
Hydrated  succinic  acid  sublimes  at  284* ;  fuses  at  356*  losing 
one  half  of  its  water,  and  boils  at  455*.  This  acid  is  not  sen- 
sibly affected  by  chlorine  or  nitric  acid ;  added  to  potash  in 
fusion  it  gives  oxalic  acid.     Hydrated  succinic  acid  absorbs  tlie 
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fied  by  an  alkali.  The  soap  is  purified  by  dissolving  it  in  water 
and  separating  it  by  means  of  common  salt ;  these  operations 
being  several  times  repeated.  At  last,  when  the  soap  is  colour- 
less, it  is  dissolved  in  water  and  decomposed  by  t-irtaric  acid ; 
the  oleic  acid  thus  hberated  is  washed  witli  boiling  water,  and 
dried  by  the  water-bath  (Liebig's  Trait^,  ii.)-  It  may  be  prepared 
by  the  same  process  from  the  Uquid  product  obtained  in  the 
manufacture  of  stearine  candles.  The  formula  for  oleic  acid 
established  by  M.  Varrentrapp  is  C44II3JJO4. 

Oleic  acid  forms  an  oil  which  is  colourless  or  of  a  yellowish 
tint,  has  a  very  weak  odour,  an  acrid  taste,  reddens  litmus 
strongly,  is  lighter  than  water,  and  becomes  a  mass  composed 
of  crystalline  needles  a  few  degrees  above  the  freezing  point  of 
water.  It  is  insoluble  in  water,  but  mixes  with  alcohol  of 
0.822  in  all  proportions.  Sulphuric  acid  colours  oleic  acid. 
Nitric  acid  with  oleic  gives  suberic  acid,  among  other  products, 
but  no  oxalic  acid.  Peroxide  of  nitrogen  or  nitrate  of  sulfoxide 
of  mercury  transforms  oleic  acid  into  eiaidic  acid. 

Oleates. — Oleic  acid  decomposes  the  alkaline  carbonates ;  its 
compounds  are  soft,  have  the  appearance  of  soap  and  dissolve 
better  in  alcohol  than  in  water.  Olelne,  the  oleate  of  oxide  of 
glyceryl,  forms  the  greater  portion  of  the  fat  oils  and  of  most 
of  the  solid  fats  found  in  nature.  It  is  mixed  in  these  with 
mai^arine  or  stearine,  either  of  which  is  deposited  in  the  solid 
state,  when  the  oil  is  exposed  to  great  cold,  the  oleine  may  then 
be  separated  by  expression  of  the  solid  matter,  although  never 
in  a  state  of  purity.  According  to  Pelouze  and  Boudet  there 
are  two  species  of  oleine,  the  Uquid  portion 'of  such  fats  as  are 
not  drying  but  disposed  to  become  rancid,  differing  from  the 
liquid  portion  of  the  drying  oils,  in  solubility,  and  particularly 
in  ttie  transformation  which  it  undergoes  under  the  influence 
of  hyponitric  acid  into  elaidine  and  eiaidic  acid,  while  the 
oleine  of  drying  oils  undergoes  no  sensible  alteration  in  the 
same  circumstances.  The  neutral  oleate  of  potash  is  deli- 
quescent in  a  damp  atmosphere,  dissolves  completely  in  4  parts 
of  water,  forming  a  viscid  syrup,  and  is  decomposed  by  a 
greater  excess  of  water  and  resolved  into  potash  and  an 
acid  oleate  of  potash.  The  latter  salt  is  insoluble  in  water, 
but  dissolves  easily  in  hot  or  cold  alcohol.  Oleate  of  soda  dis- 
solves in  10  parts  of  water  at  89".6.     Oleate  of  kad  is  soluble  in 
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oonaiderebly  resembling  benzoic  acid.  This  acid  is  insoluble  in 
water,  Bpariii^ly  soluble  in  ether,  but  highly  soluble  in  alcohol, 
particularly  when  hot ;  the  alcoholic  solution  reddens  litmus 
strongly.    EUaidic  acid  appears  to  distil  without  change.     It 

:  deeompoees  alkaline  carbonates  and  forms  salts  which  dissolve 
in  6  or  8  parts  of  water,  producing  a  transparent  very  thick 
emulsion.    These  salts  may  be  crystallized  from  alcohol. 
->  Oleic  acid,  when  treated  with  nitric  acid,  gives  rise  to  a  series 

r  of  add  products,  discovered  by  Laurent,  many  of  whose  results 
baw  since  been  confirmed  by  Bromeis.  These  are,  in  addition 
to  saberic  acid,  azelaic  acid,  HO  +  C|oHg04,  an  acid  isomeric 
with  suberic  acid,  and  closely  resembling  it;  pimelic  acid,  HO 

'  :  -f  C7H5O3,  which  crystallizes  in  white  hard  grains;  adijiic  acid, 
HO+C5H4O3  (Laurent),  or  2HO  +  C,4Hj,07  (Bromeis);  lipic 

:  add,  when  crystallized,  HO  +  C5H3O4,  when  sublimed  C5H3O4 ; 

:  MJoleie  acid,  C|3H2304. 

.:-  I  When  oleic  or  elaidic  acid  is  heated  to  dryness  in  a  silver 

r.  oapanle  with  three  times  its  bulk  of  strong  potash  ley,  the  mass 
being  continually  stirred  till  it  becomes  dry,  and  heated  till  the 

•potaah  begins  to  fuse,  the  materials  swell  considerably,  and 

•  aivch  hydrogen  gas  is  evolved.  The  yellowish-brown  saline 
•mass  contains  a  new  fat  acid,  besides  much  acetic  acid.    This 

-  .odd,  which  is  the  same  from  both  oleic  and  elaTdic  acid,  crys- 
tallizes when  separated  in  thin  needles  of  brilliant  whiteness, 

X-:  Anible  at  14,H*.6  (62^  centig.).      It  has  been  studied  by  M.  Var- 

)  rentrapp,  who  represents  it  by  HO  +  C33H30O3;  which  differs 

.'  only  from  palmitic  and  ethalic  acids  by  containing  an  atom  less 
•of  hydrogen. 

'  ■  ACIDS  OF  CASTOR   OIL» 

'  '  Castor  oil  differs  considerably  from  the  other  fixed  oils,  par- 

r  ticularly  by  its  solubility  in  alcohol.     A  soap  of  this  oil,  when 

/^'tdecomposed  by  a  mineral  add  gives  a  solid  and  a  liquid  oily 

■■ '  odd*  The  first  is  termed  margaritic  acid  by  Bussy  and  Lecanu ; 

it  fiises  at  266^ ;  the  second  is  named  ricinic  acid. 

''Nitric  add  gives  with  castor  oil  an  acid,  named  cenanihyHc 

-  add  by  Mr.  Tilley,  from  its  relation  in  oenanthic  acid.     The 

formula  of  oenanthylic  acid  is  HO+C14H13O3  (Tilley).    Ac- 


ACROLEINE.  d69 

▼olume  of  cold  water,  and  left  at  rest  for  twenty-four  hours,  the 
sulpholeic  and  sulphomargaric  acids  being  insoluble  in  dilute 
sulphuric  come  in  the  form  of  a  syrup  to  the  surface  of  the 
liquor,  while  the  sulphate  of  glycerin  remains  in  the  strongly 
add  liquid  below.  After  the  mixture  of  sulpholeic  and  sulpho- 
margaric acids  is  washed  with  a  little  water,  it  is  dissolved 
entirely  in  a  large  quantity  of  water.  The  solution  has  an  acid 
and  fatty  taste,. with  a  bitter  after-taste,  may  be  neutralised  by 
an  alkali  without  decomposition,  and  the  salt  thus  formed  ooca- 
iiions  in  metallic  solutions  precipitates  insoluble  in  water,  and 
slightly  soluble  in  alcohol. 

Left  to  itself,  the  mixture  of  sulpholeic  and  sulphomargaric 
acid  undergoes  decomposition ;  when  the  solution  is  made  to 
boil,  the  decomposition  is  instantaneous.  The  sulphuric  acid  then 
separates  from  the  elements  of  the  oleic  and  margaric  acids,  and 
these  last  are  themselves  transformed  into  new  acids;  the  marga- 
ric acid  yielding  metamargaric  acid  and  hydromart/arUic  acid^  the 
oleic  add,  metoleic  acid  and  hydroleic  acid.  A  compound  of 
hydromargaritic  and  metamargaric  acid,  which  has  the  properties 
of  a  single  add,  has  been  named  hydromargaric  acidy  by  Fremy. 
These  compounds  are  oily  bodies  insoluble  in  water,  of  which 
those  related  to  margaric  acid  are  solid,  and  those  related  to 
oleic  acid  liquid  at  ordinary  temperatures.  These  acids  have 
been  also  examined  by  Varrentrapp  and  by  Mr.  Miller,  but 
their  composition  is  still  involved  in  considerable  uncer- 
tainty. 

When  metoleic  and  hydroleic  acids  are  distilled,  they  are 
decomposed  and  resolved  into  two  hydrocarbons  of  the  defiant 
gas  type ;  elaSnCf  CigH^g,  a  white  substance,  boiling  at  230®,  and 
ole€ney  Cj^Hj,,  a  colourless  ethereal  liquid.  ElaCne  combines 
with  chlorine,  with  the  evolution  of  hydrochloric  add,  and 
forms  an  oily  compound  (Fremy). 

ACROLEINE. 

Oils  and  fats  boil  at  a  high  temperature,  giving  off  carbonic 
add  with  a  little  inflammable  gas,  and  a  substance  possessed  of  a 
most  pungent  odour^  which  attacks  the  eyes  most  painfully, 
and  is  named  acroleine.  The  pure  oily  acids  do  not  yield  this 
Bubstanccy  but  only  their  compounds  with  oxide  of  glyceryl, 
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derived  from  Tolatile  animal  oil  (oil  of  Dippel),  namely  odorine^ 
ammoline  and  animine. 

The  investigation  of  this  class  of  bodies  was  commenced  by 
I>ero8ne,^who  in  1803  observed  narcotine,  and  by  Sertuemer, 
whO|  in  I817>  recognised  in  morphine  from  opium  the  first 
"vegetable  base.  These  chemists  were  followed  by  others,  par- 
ticnlarly  Robiqaet  and  MM.  Pelletier  and  Caventoa,  who  in  cin- 
chona bark;  nnx  vomica,  and  other  vegetable  matters  found 
organic  bases,  in  which  the  medicinal  virtues  of  the  plants 
resided.  The  analogy  of  these  bases  to  metallic  oxides  and 
their  valuable  applications  in  medicine  have  rendered  the  class  a 
&vourite  study  with  both  chemists  and  pharmacians.  The 
method  generally  pursued  in  the  preparation  of  such  of  these 
bases  as,  like  morphine,  are  insoluble  in  water,  consists  in  treat- 
ing the  vegetable  substance  containing  the  base  with  a  dilute 
add  which  forms  a  soluble  salt  with  the  base.  Tliis  solution 
is  concentrated  by  evaporation,  and  slightly  supersaturated  with 
a  soluble  alkali,  ammonia,  hydrate  of  lime,  magnesia  or  carbo- 
nate of  soda,  by  which  the  vegetable  base  is  precipitated 
coloured  and  in  an  impure  condition.  To  free  it  from  foreign  . 
matters,  the  base  or  a  salt  of  it  is  crystallized  from  alcohol,  or 
if  neither  the  base  nor  its  salt  is  not  much  more  soluble  in  hot 
than  in  cold  alcohol,  and  therefore  does  not  crystallize  well  from 
that  liquid,  the  salt  is  rendered  white  by  treatment  with  animal 
charcoal  and  repeated  crystallization,  and  the  pure  base  finally 
preoiiHtated  by  means  of  carbonate  of  soda. 

The  extraction  of  bases  which  are  soluble  in  water  and  vola- 
tile soch  as  conicine,  is  more  difiicult.  The  leaves,  flowers,  root, 
or  seeds  which  contain  the  volatile  base  are  submitted  to  distil- 
latioa  with  a  weak  solution  of  caustic  alkali.  The  water  which 
.  distils  over  ia  found  to  be  saturated  with  the  organic  base,  and 
.  generally  contains  besides  a  quantity  of  ammonia  resulting 
irom  the  decomposition  of  a  portion  of  the  former.  The  dis- 
tUled.  water  is  fully  neutralised  with  dilute  sulphuric  add, 
aoixed  in  a  concentrated  state  with  caustic  alkali,  and  the  whole 
^ge^ted  in  a  dose  vessel  with  ether,  which  last  solvent  takes  up 
the  liberated  vegetable  base  and  the  ammonia.  The  ethereal 
solution  being  then  distilled  by  the  heat  of  a  waterbath,  the 
eiher  and  ammonia  escape^  and  the  vegetable  base  is  left  pure 
in  tile  retort* 
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This  salt  is  decomposed  by  the  continued  application  of  chlorine, 
generally  with  a  change  of  colour  in  the  liquid  to  yellow  or  red, 
and  the  formation  of  a  precipitate.  The  precipitate  from  the 
salts  of  strychnine  has  been  found  to  contain  both  chlorine  and 
nitrogen*  Quinine  and  cinchonine  salts  become  with  chlorine 
3rcllow,  rose-red,  and  then  violet-red,  while  a  red  resinous  matter 
precipitates,  which  in  the  air  becomes  brown,  hard,  and  pul- 
Tcrisable.  But  the  nature  of  the  changes  which  chlorine  pro- 
duces upon  these  bases  remains  still  to  be  investigated.  The 
action  of  iodine  is  more  definite.  According  to  PelletieK,  2 
parts  of  strychnine  and  1  part  of  iodine  dissolved  in  boiling 
alcohol,  give  a  precipitate  on  cooling,  of  yellow  crystalline 
spangles,  resembling  mosaic  gold,  and  hydriodate  of  strychnine 
crystallizes  out  from  the  liquor  when  concentrated  by  evapora* 
tion.  The  precipitate  appears  to  contain  1^  equivalent  of  iodine. 
The  precipitate  produced  in  brucine,  treated  with  tincture  of 
iodine  in  the  same  way  is  yellow  ;  quinine  and  cinchonine  give 
saffron  plates  by  evaporation  of  the  liquid.  The  vegetable 
alkalies  are  recovered  unaltered  from  these  precipitates,  when 
they  are  treated  with  a  dilute  acid,  iodine  being  then  liberated 
or  by  the  action  of  a  solution  of  caustic  potash  or  soda,  and 
then  iodide  of  potassium  or  sodium  is  produced  at  the  same 
time.  The  substance  thrown  down  by  the  action  of  iodine  upon 
morphine  is  of  a  brown  colour  and  differs  in  nature  from  the  other 
products  as  morphine  can  in  no  way  be  revived  from  it.  The 
hydrogen  of  the  hydriodic  acid  formed  with  the  other  alkalies 
appears  to  come  from  the  water,  but  to  be  derived  in  the  last 
case  from  the  decomposition  of  the  vegetable  base  itself. 

Little  is  known  of  the  action  of  acids  upon  the  vegetable 
bases,  with  the  exception  of  some  observations  of  change  of 
colour  which  have  been  made.  Thus  brucine  with  a  slight 
excess  of  nitric  acid  becomes  blood-red',  while  the  colour  of 
pure  strychnine  is  not  changed  by  the  same  treatment,  so  that 
the  presence  of  brucine  in  strychnine  can  in  this  way  be  de- 
tected. Nitric  and  iodic  adds  colour  morphine,  and  its  salts 
rose-red.  Other  bases,  such  as  urea  and  melamine  are  decom- 
posed by  the  stronger  acids;  urea  being  converted  by  the 
action  of  concentrated  sulphuric  acid  into  carbonic  acid  and  am- 
monia, by  the  assumption  of  two  atoms  of  water;  and  mela- 
mine into  cyanuric  acid  and  ammonia,  by  the  assumption  of 
three  atoms  of  water.  Thebaiiie  also,  exposed  to  dry  hydrochloric 
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Aiooording  to  the  formulas  which  M.  Liebig  is  inclined  to 
adopt  for  the  two  bases  strychnine  and  bmcine,  which  also 
oobor  together,  the  latter  contains  2  atoms  of  water  and  1  atom 
of  oxygen  more  than  the  former : 

Strychnine C44H23N,405, 

Brucine C44H25Ni40g  (Liebig.) 

To  the  same  bases  M.  Regnault  assigns  formuln  which  are 
somewhat  different,  but  which  are  equally  compatible  with 
the  atomic  weights  of  these  alkalies  as  observed  in  their 
biohloride  of  platinum  compounds : 

'-  Strychnine C^H^aN^O^, 

■•'^^'         Brucine C44H25N20y  (Regnault) 

These  formulae  indicate  the  same  difference  of  composition 
between  strychnine  and  brucine,  as  do  the  preceding  formulas 
for  the  same  compounds.  The  composition  of  thebaine  from 
opium,  according  to  the  analysis  of  Dr.  Kane  is  expressed  by 
C^H|4N03.  The  composition  of  jervine,  a  base  discovered 
by  M.  Simon  in  the  root  of  Veratrum  album,  and  carefully 
analysed  by  Dr.  WiU  is  CgoH^N^O^. 

Several  other  organic  bases  have  been  analysed,  but  those  of 
which  the  composition  has  been  already  stat^  are  perhaps  the 
only  ones,  for  which  we  have  data  to  construct  formulaa  of  any 
oonsiderable  degree  of  probability.  The  numerical  results  of 
dte  best  analyses  which  have  been  made  of  the  remaining  bases 
aiie  given  by  NL  Liebig,  as  follows  :* 


ARICIHB. 
PcIMIer. 

ATROnNB. 
UM,. 

CONICINB. 
UMf. 

CHAVDALII 

Carbon. 

.     71.0 

70.98 

66.91 

63.05 

Hydrogen. 

7.0 

7.83 

12.00 

6.83 

Nitrogen.    . 

8.0 

4.83 

12.81 

4.32 

Oxygen.     .    . 

14.0 

16.36 

8.28 

25.80 

100.0  100.00  100.00  100.00 

*  Handwurtcrbudi  der  Reinen  und  Angewandten  Cliimiey  b.  i,  709. 
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DBLPBININB.         BMBTrKB. 

Coa^rbe.  Petletier. 

Carhon.     .  .  76.69  64.57 

Hydrogen.  .  8.89  7*17 

Nitrogen.  .  5.93  4.30 

Oxygen.  .  7-49  22.96 

100.00  100.00 

PSEUDOMORPHINE. 
Pelletier. 

Carbon 52.74 

Hydrogen 5.81 

Nitrogen 4.08 

Oxygen 37.37 

100.00 

TERATRINE. 

. ^ , 

CouCrbe.       Dumu  and  Pellet. 

Carbon.     .  .  71.48  66.75 

Hydrogen.  .         7.67  8.54 

Nitrogen.  .         5.43.  5.04 

Oxygen.    .  .  16.42  19.60 

100.00  100.00 

MORPHIA  AND  THE  OTHER   BA 

When  incisions  are  made  in  the  he: 
{Papaver  somniferum)  a  milky  juice  exu 
dry  by  evaporation  on  the  plant,  then  s 
it  forms  opium.  This  drug  has  been 
several  vegetable  bases  derived  fron 
anodyne  properties  are  chiefly  due  to 
the  base  that  opium  contains  in  largest 

Morphine  or  morphia^  C^sHjoNOg.— 
extracted  from  opium  when  treated 
state  with  water.  Most  of  the  narcot 
the  residuum,  from  which  it  may  1 
hydrocliloric  acid,    or   by    boiling    alec 
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aqueous  solution  be  greatly  concentrated  by  evaporation^  and 
mixed  with  a  strictly  neutral  solution  of  chloride  of  calcium, 
m  brown  impure  precipitate  of  meconate  of  lime  is  thrown  down, 
while  the  bases  are  converted  into  hydrochlorates.  The  liquid 
being  filtered  may  be  made  distinctly  acid  with  hydrochloric 
acid,  then  digested,  in  order  to  discolour  it,  with  pure  animal 
charcoal  previously « deprived  of  all  phosphate  of  lime  by  an 
acid,  filtered  again  and  evaporated  for  crystallization.  A  radiated 
crystalline  mass  is  deposited  which  consists  of  hydrochlorate  of 
morphine  in  combination  with  hydrochlorate  of  codeine.  This 
mass  may  be  drained  and  expressed,  then  dissolved  in  hot 
water,  and  precipitated  by  ammonia,  which  throws  down  the 
morphine,  while  the  codeine  remains  in  solution.  By  farther 
concentration  of  the  liquid  an  additional  quantity  of  morphine 
is  deposited ;  when  afterwards  an  excess  of  caustic  potash  is 
added  to  the  liquid,  what  remains  of  the  morphine  is  retained 
in  solution,  and  the  codeine  precipitated.  Thebainc,  narcotine, 
&c.,  remain  in  the  former  brown  mother-liquor,  which  afforded 
the  crystallized  double  salt  of  hydrochlorate  of  morphine  and 
codeine. 

Morphine  may  be  prepared,  without  reference  to  the  other 
bases  in  opium,  by  various  processes,  of  which  the  follov»ing 
appears  to  be  the  best.  The  opium  is  macerated  tlmce  in  succes- 
rion,  each  time  with,  three  parts  of  cold  water,  and  the  mass  after 
each  digestion  strongly  expressed.  The  liquids  are  united,  raised 
to  the  boiling  point,  and  mixed  with  an  equal  bulk  of  milk  of 
lime,  the  latter  containing  a  quantity  of  hydrate  of  lime  equal  to 
about  one  fourth  of  the  weight  of  the  dry  opium  employed. 
After  boiling  for  a  few  minutes  the  mixture  is  strained  through 
linen ;  all  the  narcotine,  pieconic  acid,  &c.,  remain  in  the  linle 
precipitate,  while  all  the  morphine  is  contained  in  the  solution 
in  combination  with  lime.  This  solution  is  greatly  concentrated 
by  evaporation,  then  filtered,  heated  to  the  boiling  point  and 
pounded  sal  ammoniac  is  thrown  into  it,  in  about  the  proportion 
of  1  ounce  of  sal  ammoniac  to  1  pound  of  opium.  The  caustic 
lime  is  thus  converted  Jnto  chloride  of  calcium,  the  morphine 
loses  its  solvent,  and  is  precipitated  in  small  crystalline  needles. 
Opium  yields  upon  an  average  a  sixteenth  of  its  weight  of 
morphine.     (Mohr.) 

Morphine  as  precipitated  by  ammonia  forms  a  white  pulve- 
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alcohol  and  €ther.     It  has  a  weak  taste^  alkaline  reaction,  and 
fuses  by  the  heat  of  boiling  water. 

4.  Thedaine  or  paramorphiney  C25H14NO3,  is  crystallizable, 
has  an  alkaline  reaction  and  sharp  taste. 

5.  Narceine,  a  weak  base  which  exists  in  opium  in  a  very 
small  proportion.  Two  other  bases,  pseudomorphine  and  por- 
pk^oxme  have  been  discovered  in  certain  species  of  opium. 
Opium  also  contains  a  neutral  substance  tneconine  in  minute 
quantity,  of  which  the  elements  are  carbon,  oxygen  and  hydrogen 
only. 

QUININE  AND   CINCHONINE. 

Peruvian  bark  owes  its  febrifuge  qualities  to  these  bases, 
which  it  contains  in  combination  with  tannic  and  kinic  acids. 
Quinine  is  most  abundant  in  yellow  bark,  usually  considered 
am  the  bark  of  the  Ci?iclwna  cardtfoliay  while  cinchonine  prevails 
in  the  grey  bark  considered  as  the  bark  of  the  Cinchona  nitida 
cm  of  the  Cinchona  condaminea, 

■  The  ground  bark  is  boiled  in  water  acidulated  with  hydro- 
chloric acid,  the  filtered  solution  mixed  with  an  excess  of  milk 
of  lime,  the  precipitate  washed,  expressed  and  dried.  From 
this  precipitate,  which  contains  quinine,  cinchonine,  tannatc  of 
lime  and  other  matters,  the  two  bases  are  dissolved  out  by 
boiling  alcohol;  the  solution  which  is  strongly  coloured  is 
filtered,  neutralised  with  dilute  sulphuric  acid  and  the  alcohol 
^tilled  off.  Sulphate  of  quinine  crystallizes  on  cooling, 
and  is  obtained  colourless  by  treatment  with  animal  charcoal 
and  repeated  crystallization.  The  sulphate  of  cinchonine  may 
be  obtained  from  the  coloured  mother  liquor.  Both  bases  may 
be  isolated  by  precipitating  a  solution  of  their  salts  in  water, 
by  means  of  ammonia.     (Woehler.) 

Quinine^  C^H^JSO^ — This  base  is  precipitated  by  ammonia 
in  white  flocks,  which  are  iK)t  crystalUne,  and  is  crystallized 
even  from  solution  in  alcohol  with  difficulty ;  but  from  hot 
afcohol  containing  a  little  ammonia  quinine  is  deposited  in 
fijie  needles.  It  is  in  tlie  state  of  a  hydrate,  which  fuses 
about  302°  and  loses  the  whole  of  its  water.  Quinine  is  very 
bitter,  alkaline,  soluble  in  200  parts  of  boiling  water,  and  highly 
soluble  in  alcohol.  Most  of  the  salts  of  this  base  are  crys- 
tallizable,  intensely  bitter  and  are  precipitated  by  alkalies, 
bichloride  of  platinum  and  oxalic  acid. 

2  s  s  2 
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Subsulphate  of  quinine,  the  ordinary  sulphate  of  quinine  of 
the  shops,  crystallizes  in  tufts  composed  of  fine  needles,  whidi 
are  very  light,  slightly  flexible  and  have  a  pearly  lustre.  It 
requires  TAO  parts  of  water  to  dissolve  it  at  55%  but  only  30 
parts  at  2 12® ;  it  is  very  soluble  in  dilute  sulphuric  acid.  It  fuses 
with  the  appearance  of  wax^  and  loses  \\\  per  cent  or  6  atonu of 
water.  The  crystallized  salt  contains  2  atoms  of  quinine  and  8 
atoms  of  water  to  1  atom  of  sulphuric  acid.  Neutral  ndfikaU  of 
quinine  is  formed  by  adding  a  little  sulphuric  add  to  a  solution 
of  the  sub-sulphate ;  it  crystallizes  well  in  rectangular  prisms 
with  rectangular  or  square  b^ises,  is  soluble  in  1 1  parts  of  water 
at  55%  and  fuses  in  its  water  of  crystallization  at  212^.  It 
reddens  vegetable  blues,  although  its  taste  is  not  perceptibly 
sour  but  strongly  bitter ;   it  contains  8HO. 

Clnchonine,  C^oHj^NO. — This  base  crystallizes  readily  fium 
alcohol  in  brilliant  prisms.  It  requires  2500  times  its  weight 
of  boiling  water  to  dissolve  it,  and  is  less  soluble  in  cold  water. 
.  It  is  but  slightly  soluble  in  cold  ether ;  in  its  other  properties 
it  resembles  quinine.  Neutral  9ulphate  of  cinchonine  crvi- 
tallizcs  also  in  large  octohedral  crystals  of  a  rhomboidal  base, 
having  a  mother  of  pearl  lustre;  it  contains  8  atoms  of 
water. 

STRYCHNINE  AND   BRUCINE. 

These  alkalies  are  derived  from  the  Nux  vomica  class  ol 
plants  and  particularly  from  the  seeds  of  Strychnos  nux  vomica^ 
and  St.  Ignatius'  bean,  the  fruit  of  Strychnos  ignatia.  To 
extract  them,  powdered  nux  vomica  is  boiled  rei>eatedly  in 
water,  tiie  infusion  is  concentrated  to  a  syrup  and  mixed  with 
hydrate  of  lime  in  the  proportion  of  2  ounces  of  quicklime  to 
1  pound  of  the  nux  vomica.  The  tivo  bases  are  contained  in 
the  insoluble  portion  of  the  mass,  which  is  dried  and  exposed 
to  boiling  alcohol.  On  evaporating  the  alcoholic  solution 
strychnine  crystallizes  first,  while  the  bnicine  and  a  portion  of 
strj'chnine  remain  in  the  mother  liquor.  To  complete  the 
separation,  the  bases  in  the  mother  liquor  are  neutralised  by 
greatly  diluted  nitric  acid,  and  the  nitrate  of  strychnine  crys- 
tallized cut,  while  the  salt  cf  brucine  remains  still  in  solution 
bcin^  much  later  of  crystallizing.     From  the  salts,   purifie*!  as 
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usual  by  animal  charcoal^  and  dissolved  in  water,  the  bases  may 
be  precipitated  by  ammonia. 

Strychnine  or  strychnia^  Cu^^2:i^2^4  5  ^»  obtained  from  the 
evaporation  of  its  alcoholic  solution  it  assumes  the  form  of 
minute  colourless  octohedrons,  composed  of  two  four-sided 
pyramids^  between  which  a  four-sided  prism  is  sometimes 
interposed.  It  is  soluble  in  2500  parts  of  boiling  and  in  66'(>7 
parts  of  cold  water;  but  the  last  solution,  weak  as  it  is,  has 
an  intensely  bitter  taste.  It  is  insoluble  in  absolute  alcohol 
and  ether,  but  sensibly  soluble  in  aqueous  alcohol ;  not  fusible. 
Strychnine  acts  with  great  energy  on  the  animal  economy, 
inducing  tetanus.  Its  poisonous  action  is  best  counteracted  by 
an  infusion  of  gallnuts  or  warm  tea.  The  salts  of  strychnine 
are  generally  crystallizable. 

BrucinCy  C44H25N2O7. — ^This  alkali  was  first  discovered  in  1 8 1 9 
by  Pelletier  and  Caventou  in  the  bark  of  Brucia  antidysenterica, 
Brucine^eatly  resembles  strychnine  in  its  properties,  acts  in 
the  same  way  on  the  animal  economy  but  is  much  less  poi- 
sonous. It  is  more  soluble  in  water,  and  is  strongly  reddened 
by  nitric  acid,  while  pure  strychnine  is  not. 

VERATRINE. 

This  alkali  is  found  in  the  seeds  of  different  species  of  Vera- 
tmm,  particularly  of  Veratrum  album  or  white  hellebore,  and 
Veratrum  sabadiila^  in  which  it  exists  combined  with  veratric 
aoid,  (page  955).  It  is  extracted  by  a  process  similar  to  that 
tot  strychnine.  Veratrine  has  the  aspect  of  a  resin,  is  friableand 
gives  a  white  powder;  it  cannot  be  crystallized.  It  is  nearly 
insoluble  in  water,  but  dissolves  in  alcohol  and  ether.  Its  taste 
is  excessively  acrid  and  not  bitter;  with  sulphuric  acid  it 
becomes  yellow,  red,  and  at  last  violet.  Veratrine  occasions 
violent  irritation  in  any  mucous  membrane  to  which  it  is 
applied,  and  is  highly  poisonous.  Few  of  its  salts  except  the 
hydrochlorate  and  sulphate  are  crystallizable;  they  are  not 
precipitated  by  bichloride  of  platinum. 

Babadilline  is  a  crystallizable  base  which  accompanies  vera* 
trine  in  the  seeds  of  Veratrum  sabadilla.  Jervine  is  another 
base  found  in  the  root  of  Veratrum  album. 
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Nicotine  exists  in  the  leaves  and  seed  of  different  species  of 
tobacco^  namely  Nicotiana  tabacum  and  Nicotiana  rustica.  It 
is  soluble  in  water,  has  the  consistence  of  butter  and  distils 
at  284^ 

Pehsine  in  the  root  of  Cissampelos  pareira. 

Solanine  in  several  species  of  Solanum,  and  in  the  first  shoots 
of  germinating  potatoes. 

The  following  bases  are  not  so  well  known  and  still  proble- 
matical :  apirine,  azaridine,  blanchinine,  buxine,  carapine, 
caatiney  chioccine,  crotonine,  cynapine,  daphnine,  digitaline, 
eaenbeckine,  eupatorine,  euphorbiine,  fumarine,  glancine,  glau- 
oopicrine,  jamaicine,  menispermine,  paramenispermine,  pitayine, 
aangoinariney  staphisaine,  surinamine,  violine.  Besides  two 
bases  in  Carthagena  quinquina  bark  and  in  chinova  bark. 
(Liebig.; 


CHAPTER    X. 

CYANOGEN  AND   ITS  COMPOUNDS. 

Cyanogen,  NC2=Cy,  which,  when  free,  is  a  gas  (page  428), 
is  remarkable  as  an  organic  radical,  and  enters  as  a  constituent 
into  a  large  class  of  compounds.  It  combines  directly  with 
hydrogen,  forming  a  hydrogen-acid,  with  the  whole  of  the 
metals  forming  salts,  and  is  also  obtained  in  combination  with 
oxygen  forming  several  acids,  and  with  chlorine.  Cyanogen 
also  appears  to  be  a  constituent  of  urea  and  uric  acid,  and  of 
the  numerous  bodies  derived  from  the  decomposition  of  the 
latter. 

Formation  of  cyanogen.— ^^\i\^  compound  is  always  primarily 
obtained  as  a  constituent  of  ferrocyanide  of  potassium  (page 
450).  In  order  to  explain  the  reaction  between  animal  matters 
and  carbonate  of  potash,  when  fused  together  at  a  red  heat, 
which  gives  rise  to  that  salt,  it  is  necessary  to  keep  in  mind  the 
following  properties  of  the  salt : — When  heated  to  redness  in  a 
dose  vessel,  ferrocyanide  of  potassium  is  decomposed  into 
cyanide  of  potassium,  carburet  of  iron  and  nitrogen  gas  3  that  is. 
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melted  mass,  by  the  action  of  the  matters  dissolved  upon  the 
insoluble  residue;  for  this  melted  mass  yields  nothing  but 
cyanide  of  potassium  to  alcohol,  and  contains  no  prussiate.  In 
explanation  of  the  formation  of  cyanide  of  potassium  in  the 
melted  mass,  it  is  stated  by  Liebig  that  metallic  potassium 
readily  produces  that  salt  when  fused  with  calcined  blood,  dis- 
engaging at  the  same  time  a  considerable  quantity  of  charcoal ; 
the  proportion  of  nitrogen  to  carbon,  in  cyanogen,  being  one 
equivalent  of  the  first  to  two  of  the  last,  while  in  blood, 
hair,  and  horn,  the  proportion  is  1  to  G.  Now  when  these 
animal  matters  are  fused  at  a  high  temperature  with  potash,  the 
£ree  charcoal  reduces  the  potash  to  tlie  state  of  potassium ;  the 
latter  then  acts  upon  the  azotised  carbonaceous  matter,  forming 
oyanogen,  with  which  it  unites.  A  second  mode  in  which 
csyanide  of  potassium  is  produced,  is  when  ammoniacal  gas  is 
oonducted  over  a  mixture  of  carbonate  of  potash  and  charcoal 
at  a  red  heat.  This  is  accounted  for  by  the  action  of  ammonia 
upon  charcoal  alone  at  a  red  heat ;  the  gas  is  entirely  converted 
into  hydrocyanic  acid  and  hydrogen  (Nil,  and  2C=H,NC2 
and  2H).  Now  hydrocyanic  acid  decomposes  carbonate  of 
potash  at  a  red  heat,  forming  cyanide  of  potassium.  Hence  the 
product  of  cyanide  of  potassium  is  most  considerable  when  the 
animal  matter  is  used  in  its  natural  state,  and  not  previously 
carbonised,  a  fact  of  which  the  manufacturers  of  prussiate  of 
potash  have  long  been  aware  from  experience.  To  account  for 
the  subsequent  conversion  of  tlie  cyanide  of  potassium  in  the 
process  into  prussiate,  it  is  absolutely  necessary  that  iron  exist 
in  the  fused  mass ;  but  it  may  indifferently  be  in  the  condition 
of  metallic  iron,  the  protosulphuret  or  the  protoxide  of  iron. 
Hie  first  is  readily  dissolved  by  a  solution  of  cyanide  of  potas- 
sium with  evolution  of  hydrogen  gas  (3KCy  with  HO  and  Fe 
=2KCy,FeCy  and  KO  and  H) ;  the  second  with  the  formation 
of  sulphuret  of  potassium,  and  the  third  with  that  of  caustic 
potash.  When  the  iron  is  added  in  the  state  of  protosulphate 
to  a  solution  of  cyanide  of  potassium,  one  third  of  the  latter  salt 
becomes  cyanide  of  iron  (a  brown  insoluble  matter),  which  is 
dissolved  by  the  other  two-thirds  of  the  alkaline  cyanide,  and 
the  ferrocyanide  formed.  These  processes  are  not  altered  in 
the  slightest  degree  by  mixing  caustic  potash  or  its  carbonate, 
or  tlie  sulphuret  of  potassium,  with  the  solution  of  cyanide  of 
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particularly  under  the  influence  of  light,  ammonia  being  formed 
with  a  brown  precipitate.  This  decomposition  is  prevented  by 
a  slight  admixture  of  any  other  acid.  When  potassium  is 
heated  in  the  vapour  of  hydrocyanic  acid,  cyanide  of  potassium 
is  formed,  and  the  hydrogen  of  the  acid  is  disengaged  as  gas. 
When  its  vapour  is  passed  over  ignited  quicklime  or  barytes^  a 
mixture  of  cyanide  of  the  metal  and  cyanate  of  its  oxide  is 
formed,  and  pure  hydrogen  disengaged.  Clilorine  decomposes 
hydrocyanic  acid^  and  forms  hydrochloric  acid  and  chloride  of 
cyanogen. 

The  aqueous  solution  of  hydrocyanic  acid  may  be  prepared 
by  precipitating  potash  from  cyanide  of  potassium,  by  means  of 
tartaric  acid,  and  may  in  this  way  be  obtained  at  once  of  a  de-- 
terminate  strength  and  in  a  good  condition  for  preservation 
(page  452).  But  to  prepare  this  acid  in  considerable  quantity 
the  following  process  may  be  foUowed,  which  is  that  of  Geiger 
with  the  proportions  modified.  Eight  parts  of  ferrocyanide  of 
potassium  \vith  ^  parts  of  oil  of  vitriol  diluted  with  36  parts  of 
water,  are  slowly  distilled  nearly  to  dryness,  the  product  being 
transmitted  through  a  Liebig's  condenser,  and  collected  in  a 
receiver  containing  at  first  8  parts  of  water.  The  condensed 
liquid  contains  very  uniformly  1 .62  parts  of  hydrocyanic  acid, 
which  corresponds  with  one  half  of  the  quantity  of  cyanogen 
in  the  salt,  the  other  half  of  the  cyanogen  remaining  in  the 
residuary  insoluble  ferrocyanide ;  the  latter  is  white  or  yellow- 
jsh-white  when  pure,  but  is  often  coloured  by  prussian  blue. 
In  this  reaction  2  equivalents  of  ferrocyanide  of  potassium  are 
decomposed  by  6  equivalents  of  sulphuric  acid,  which  liberate 
3  equivalents  of  hydrocyanic  acid.  The  residuary  products  are 
an  insoluble  ferrocyanide  of  potassium  and  iron,  K,Fe  +  FeCyj 
(Everitt),  and  3  equivalents  of  bisulphate  of  potash ;  or : 

SfKj  +  FeCya)  and  6(HO.S03)=K.Fe  +  FeCy3  and  3(HO,S03 
+  KO,S03)and3HCy. 

If  ferrocyanide  of  potassium  be  viewed  as  a  double  cyanide 
of  iron  and  potassium,  FcCy  +  2KCy,  then  the  decomposition 
in  the  foregoing  process  is  limited  to  the  cyanide  of  potassium 
of  the  salt,  of  which  cyanide  3  atoms  are  decomposed  out  of 
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to  allow  of  the  formation  of  some  peroxide  of  iron,  is  made 
acid  by  the  addition  of  hydrochloric  acid,  when  Prussian  blue  is 
formed  and  precipitates. 

Hydrocyanic  acid  does  not  decompose  carbonates,  and  may 
therefore  be  purified  from  other  acids  by  distilling  it  from  chalk. 
But  the  acid  so  distilled  cannot  be  preserved  without  adding  a 
trace  of  a  mineral  acid  to  it. 

Cyanides, — Hydrocyanic  acid  forms  a  metallic  cyanide  and 
water  with  red  oxide  of  mercury,  oxide  of  silver  and  other  me- 
tallic oxides  of  which  the  metal  has  a  feeble  affinity  for  oxygen. 
The  cyanides  of  these  metals  are  not  decomposed  by  dilute 
oxygen-acids,  and  resist  for  a  long  time  the  action  of  concen- 
trated and  boiling  nitric  acid.  But  the  same  cyanides  are 
decomposed  very  easily  by  sulphuretted  hydrogen  and  hydro- 
chloric acid.  The  cyanide  of  mercury  is  resolved  when  heated 
into  metal  and  cyanogen,  a  portion  of  the  latter  remaining  in 
the  retort  as  paracyanogen^  a  black  coaly  matter,  isomeric  with 
cyanogen.  Caustic  potash  is  not  neutralised  by  hydroc3ranic 
add,  but  remains  strongly  alkaline,  while  the  solution  retains 
the  odoiu'  of  the  acid.  Hence  it  is  doubted  whether  cyanide  of 
potassium  is  then  formed,  and  rather  supposed  that  hydrocyanic 
acid  unites  directly  with  oxide  of  potassium.  But  the  solid 
cyanide  of  potassium,  when  dissolved  in  water,  has  the  same 
characters  as  the  preceding  solution.  Cyanide  of  potassium 
diasolves  the  metallic  cyanides  insoluble  in  water,  forming 
double  salts,  and  then  acquires  stability.  Cyanide  of  potassium 
is  decomposed  when  heated  with  a  solution  of  caustic  potash ; 
the  cyanogen  of  the  former  salt,  uniting  with  the  elements  of 
water,  is  converted  into  formic  acid  and  ammonia : 

K,NC2  and  4HO=KO  +  C2H03  and  NH3. 

The  insoluble  cyanides  of  all  the  non-alkaline  metals  may  be 
obtained  by  adding  hydrocyanic  acid  to  an  acetate  of  the 
metal. 

DOUBLE  CYANIDES. 

The  soluble  cyanides  of  potassium  and  sodium  dissolve  all  the 
insoluble  cyanides  of  the  metals  proper,  and  form  double  com- 
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blae  (page  557).  The  same  alkaline  ferricyanide  does  not  dis- 
turb a  persalt  of  iron. 

Sesquicyanide  ofcobtUiy  Co^Cy,,  forms  with  other  cyanides  a 
class  of  double  salts  strictly  analogous  to  the  immediately 
preceding  class,  and  which  are  represented  as  compounds  of 
a  tribasic  salt-radical,  cobalticyanogen^  CogCy^,  or  as  cobalti- 
cyanides.  Cobalticyanide  of  potassium^  K^fio^Cj^  was  dis- 
oovered  by  L.  Gmelin,  and  is  prepared  by  heating  slightly  a 
mixture  of  protoxide  of  cobalt,  or  its  carbonate,  with  a  solution 
of  potash  supersaturated  with  hydrocyanic  acid ;  hydrogen  is 
disengaged  with  a  slight  effervescence,  and  the  solution  when 
evaporated^  furnishes  the  salt  in  question  in  reddish-yellow 
crjrstals^  which  require  to  be  purified  by  a  second  crystalliza- 
tion.     It  is  isomorphous  with  ferricyanide  of  potassium. 

8e»quicyanide  of  manganesey  Mn^Cys,  appears  also  to  form 
with  other  cyanides  a  similar  class  of  salts  (page  534). 

Seaguicyanide  of  chromium,  Cr^Cyg,  appears  to  exist  in  a 
class  of  double  cyanides  of  the  same  type. 

ChrwMcyanide  of  potcLSSwm,  RgjCr^Cyg,  is  formed  when  a 
mixture  of  hydrated  oxide  of  chromium  with  a  solution  of  hy- 
drate of  potash  to  which  an  excess  of  hydrocyanic  acid  has 
been  added,  is  allowed  to  evaporate  spontaneously  in  air.  The 
liquid  acquires  a  reddish-brown  colour,  and  deposits  yellow  cr}'s- 
tals,  which  have  a  similar  form  and  composition  with  ferri- 
cyanide or  cobalticyanide  of  potassium.  (Boeckmann). 

Btcyofiide  of  platinum^  PtCy^,  is  considered  by  Liebig  as 
existing,  as  a  radical,  in  a  series  of  platinum  compounds,  dis- 
covered by  M.  Doebereiner.  This  salt-radical  is  monobasic. 
Plaiinocyanide  ofpoiasHumf  K,PtCy2+3HO,  is  formed  on  ex- 
posing to  a  heat  approaching  redness  a  mixture  of  equal  parts  of 
platinum  sponge  and  dried  ferrocyanide  of  potassium.  A  solu- 
tion of  the  heated  mass  affords  first,  when  evaporated,  crystals 
of  ferrocyanide  of  potassium,  and  then  of  platinocyanide  of 
potassium.  The  latter  crystallizes  in  thin  elongated  rhomboidal 
prisms,  which  are  blue  by  reflected  and  yellow  by  transmitted 
light.  Its  solution  does  not  precipitate  nitrate  of  lead,  but 
nearly  all  the  other  metallic  salts.  Platinocyanic  acid  or  pla- 
iinocyanide  of  hydrogen,  H,PtCy2  is  obtained  by  decomposing 
tiie  platinocyanide  of  mercury  suspended  in  water  by  a  stream 
of  sulphuretted  hydrogen  gas.      It  crystallizes  in  a  confused 


UREA  OR   ANORMaL  CYANATE  OP  AMMONIA.  993 

laized  together,  and  forms  a  white  woolly  crystalline  substance. 
This  cyanate  affords  ammonia  when  treated  by  an  alkali,  and  its 
acid  undergoes  the  usual  decomposition  when  liberated  by  ano- 
ther acid.  But  if  heated,  either  dry  or  in  solution,  it  loses  a 
little  ammonia,  still  retaining,  however,  the  elements  of  a  neu- 
tral cyanate,  and  is  transformed  into  urea,  a  change  the  more 
remarkable  that  urea  is  a  substance  belonging  to  the  animal 
economy. 

Urea  or  anormal  q/anate  of  ammonia^  Cfi2^2^^4^^2^2 
+  2NH2  (Dumas).  This  substance,  discovered  by  Vauquelin 
and  Fourcroy  in  urine,  was  obtained  from  cyanic  acid  and  am- 
monia by  VVoehler,  and  is  the  first  peculiarly  organic  product 
which  was  formed  artificially.  It  exists  in  the  form  of  lactate 
of  urea  in  human  urine,  and  combined  with  hippuric  acid  in  the 
urine  of  the  cow  and  elephant  (Cap  and  Henry).  Urea 
combines  with  most  acids  without  neutralising  them,  and  is  a 
feeble  base. 

The  following  is  an  advantageous  process  for  urea  from 
human  urine,  without  the  use  of  alcohol.  Fresh  urine  is  evapo* 
rated  in  a  water-bath  to  about  .,1,  or  ^^  of  its  volume,  allowed  to 
cool  and  filtered.  Oxalic  acid  is  taken  in  the  proportion  of 
abpnt  half  an  ounce  to  each  pint  of  urine  employed,  dissolved 
in  twice  its  weight  of  hot  water,  and  the  solution  slowly  added 
with  continual  agitation  to  the  concentrated  urine ;  a  large  pro- 
duction of  a  buff-coloured  precipitate  results,  which  is  oxalate 
of  urea.  The  impure  oxalate,  when  quite  cold,  is  collected  on  a 
laige  calico  filter,  slightly  washed  with  a  cold  solution  of  oxalic 
acid,  and  pressed  in  the  hands  as  strongly  as  possible,  to  get 
rid  of  the  mother  liquor  containing  salts,  &c.  The  solid  mass 
of  oxalate  of  urea  is  next  dissolved  in  hot  water  in  a  capacious 
vessel,  and  neutralised  with  chalk  (whiting)  rubbed  up  with 
water  to  a  thick  cream.  So  soon  as  the  acid  reaction  to  test- 
paper  ceases,  the  whole  may  be  thrown  on  a  filter  to  drain,  and 
squeezed  to  avoid  unnecessary  loss.  On  digesting  the  solution 
with  animal  charcoal,  again  filtering  and  concentrating,  without 
ebullition,  to  a  small  bulk,  crystals  of  urea  are  deposited  on 
cooling ;  these  have  a  brownish  colour  and  disagreeable  smell, 
but  by  a  secimd  solution  in  warm  water,  with  the  addition  of  a 
little  more  bone-black  and  filtration,  the  substance  is  obtained 
snow-white  and  inodorous.     The  urea  obtained  in  this  manner 
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add,  it  assumes  the  elements  of  2  atoms  of  water,  and  is  con- 
Tcrted  into  carbonic  acid  and  ammonia. 

Nitrate  of  urea  is  soluble  in  8  parts  of  cold  water.  It  con- 
sists of  single  equivalents  of  urea,  nitric  acid  and  water. 
(Regnault). 

Oxalate  of  urea  crystallizes  in  long  thin  prisms,  which  are 
much  less  soluble  in  water  than  the  nitrate,  and  have  an  acid 
taste.  This  salt  also  contains  an  atom  of  water.  From  the 
oxalate  ofwceiy  compounds  of  urea  with  other  acids  may  be  ob- 
tained, by  precipitating  the  oxalic  acid  with  a  neutral  salt  of 
lime  of  the  other  acid,  and  thus  the  hippurate,  lactate,  sulphate, 
&c  have  been  formed  and  crystallized  by  MM.  Cap  and 
Henry, 

FULMINIC   ACID. 

Formula  of  the  acid  supposed  anhydrous :  C^^02=^CY20y 
Fulminic  acid  exists  in  certain  fulminating  compounds  of 
mlver  and  mercury,  discovered  by  Mr.  Howard,  but  its  true 
nature  was  first  ascertained  by  Gay-Lussac  and  Liebig.  The 
acid  is  bibasic;  it  undergoes  decomposition  when  separated 
jfiroin  bases  by  a  stronger  acid,  into  hydrocyanic  acid  and  other 
products.  Fulminic  acid  is  formed  by  the  action  of  an  excess 
of  nitric  acid  and  alcohol  upon  nitrate  of  silver  or  nitrate  of  sub- 
oxide of  mercury.  A  variety  of  products  result  from  the  mutual 
action  of  nitric  acid  and  alcohol,  including  nitrous  acid;  2  atoms 
of  which  with  1  atom  of  ether  are  resolved,  in  contact  with 
oxide  of  silver  or  mercury,  into  water  and  fiilminic  acid,  the  last 
combining  with  the  metallic  oxide : 

Nitrous  acid.  Ether.    Fulminic  acid. 

NjOe  and  C^\lJi^=C^^JQ2  and  5HO. 

Fulminate  of  silver  is  also  immediately  formed  and  precipitated 
on  transmitting  the  vapour  of  nitrous  acid  through  a  saturated 
solution  of  nitrate  of  silver  in  alcohol. 

Fulminates. — ^The  salt  of  suboxide  of  mercury  is  prepared  by 
dissolving  1  part  of  mercury  in  12  parts  of  nitric  acid  of  1.36, 
by  a  gentle  heat;  then  adding  1 1  parts  of  alcohol  of  0.848,  and 
heating  by  a  water-bath.    A  violent  reaction  soon  occurs,  with 
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the  escape  of  nitrous  ether  vapour,  and  precipitation  of  metallic 
mercury;  and  soon  fulrainate  of  mercury  b  deposited  in  wliite 
opaque  §rranular  crystals,  which  may  be  washed  when  cq*^!, 
and  dried  at  the  ordinary  temperature.  This  salt  crystallises 
from  boiling  water  in  fine,  silky  needles,  and  may  thus  be  de- 
prived of  the  free  mercury  with  which  it  is  accompanied.  Fol- 
m  in  ate  of  mercury  detonates  violently  by  percussion,  or  when 
rubbed  between  hard  bodies  j  in  the  flame  of  a  candle  it  defla* 
grates  with  a  feeble  explosion.  Mixed  iotimalely  with  6  tiJi^M 
its  weight  of  saltpetre,  it  forms  percussion  powder,  whieh^V 
introduced  in  the  state  of  a  paste  with  water,  into  the  copper 
capsules  used  with  fire-arms.  Fulminate  of  tther  is  prepared 
like  the  salt  of  mercury,  but  with  about  twice  as  much  alcohol 
It  detonates  even  more  violently  by  percussion  than  the  salt  of 
merctiry,  and  also  by  heat.  This  fulminate  is  deprived  of  only 
half  its  base  by  an  alkali,  and  a  salt  formed  containing  1  atom 
of  alkali  and  1  atom  of  oxide  of  silver  as  bases*  Nitric  add 
throws  down  an  acid  fulminate  of  silver,  cont^iirung  an  atom  if 
water  as  the  second  base ;  it  is  crystallizable  and  more  soluble 
than  the  neutral  salt.  The  action  of  hydrocliloric  acid  upon 
fulminate  of  silver  is  attended  with  the  formation  of  an  ad<l 
containing  chlorine,  chlo7'ocf/anht/drtc  acid^  of  which  the  proba- 
ble composition  is  Hg-f  CgNCIj  (Gay-Lussac  and  Liebig). 
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Formula  of  the  acid  crystallized  truni  water :   SHO^Cy^i 
4HO. 

Cyanuric  arid  was  discovered  by  Schcele  and  examined  liy 
Serullas,  but  its  true  constitution  was  first  ascertained  by  Licllig 
and  Woehler.  It  is  formed  in  a  variety  of  circumstancet ;  io 
the  decomposition  of  urea  by  heat,  the  distillation  of  uric  acid,  in 
the  docomposition  of  the  solid  chloride  of  cyanogen  bybeai,&r< 
M.  Liebig  recommends  its  preparation  from  MclaiD  (p.  lOOOX 
A  portion  of  melara  is  gently  warmed  in  a  little  strong  stdpbaric 
acid  until  dissolved  J  the  acid  liquid  is  poured  intii  about  30 
parts  of  water,  and  boiled  in  a  flask,  with  the  occasional  ftilditioQ 
of  water  for  four  or  five  days,  till  the  liijuid  no  longer  givei  • 
precipitate  of  ammelide  with  ammonia.  By  evaporation  ifc« 
fluid  gives  brown  crystals  of  cyanuric  acid,  which  may  be  ma^ 
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colourless  by  repeated  crystallization,  or  when  this  fails  by  dis- 
solving in  concentrated  sulphuric  acid  and  precipitating  by 
water.  The  white  precipitate  by  water  gives  colourless  crystals 
of  cyanuric  acid  from  a  solution  in  boiling  water.  In  this  pro- 
cess, roelam  on  dissolving  in  sulphuric  acid  is  transformed  into 
ammonia  and  ammelide,  and  the  last  in  contact  with  the  acid 
diluted  with  water  is  resolved  into  ammonia  and  cyanuric  acid, 
as  expressed  in  the  following  equations  : 

Mclun.  WHter.  Ammeline.  AmmmiU. 

CijN.iHj  and  6HO=CnN9H906  and  2NH3. 

Ammeline.  Cyanuric  «cld.       Ammonia. 

C,J^gHgOQ=C^^T^QO^'snd  5NH3 

Cyanuric  acid  has  a  feeble  acid  taste,  is  slightly  soluble  in 
cold  water  and  dissolves  in  24  parts  of  boiling  water.  The 
crystals  from  water  are  oblique  prisms  of  a  rhombic  base ;  they 
contain  4HO,  which  they  lose  in  air  at  the  ordinary  temperature. 
Cyanuric  acid  is  obtained  anhydrous  and  crystallized,  from  a 
concentrated  and  boiling  solution  in  nitric  or  hydrochloric  acid. 
One  atom  of  cyanuric  acid  is  decomposed  by  dry  distillation  and 
resolved  into  3  atoms  of  hydrated  cyanic  acid,  of  which  it  con- 
tains the  elements.  It  dissolves  with  the  aid  of  heat  in  the 
concentrated  mineral  acids,  without  decomposition,  but  is 
decomposed  by  continued  boiling  with  the  formation  of  carbonic 
acid  and  ammonia. 

Cyanurates. — In  these  salts  the  three  atoms  of  water  of  the 
hydrate  of  cyanuric  acid  are  replaced  in  whole  or  in  part  by 
metallic  oxides.  They  are  all  completely  decomposed,  and  their 
acid  liberated  by  nitric  and  hydrochloric  acids. 

Oaseous  chloride  of  qfanogen,  CyCl,  is  most  conveniently 
prepared  by  passing  chlorine  in  excess  into  an  aqueous  solution 
of  hydrocyanic  acid,  and  expelling  the  chloride  of  cyanogen  by 
8  gentle  heat.  It  is  a  gas  at  the  ordinary  temperature  having 
an  insupportable,  penetrating  odour,  and  provoking  tears.  At 
0^  Fahr.,  it  crystallizes  in  long  needles  like  spiculio  of  ice.  It 
undergoes  a  metamorphosis  if  confined  liquid  in  a  tube,  and 
deposits  the  solid  isomeric  chloride  of  cyanogen  (Persoz).  It 
combines  with  ammonia,  as  CyCl4-2NH3. 
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PRODUCTS  OF  THE  DECOMPOSITION  OF  SULPHOCYANOGEN. 

Metasulphocyanogerij  C^^^^^^O  (Parnell).  This  is  the 
yellow  substance  precipitated  by  the  action  of  chlorine  on 
Bulphocyanide  of  potassium  in  solution,  with  formation  of 
chloride  of  potassium.  It  is  also  formed  by  the  action  of  nitric 
acid  upon  the  same  salt.  Metasulphocyanogen  dissolves  entirely 
in  a  solution  of  caustic  potash.  An  acid  added  to  this  solution 
throws  down  a  lemon  yeUow  precipitate,  with  a  small  quantity 
of  a  black  matter,  which  has  not  been  fully  examined.  The 
yellow  substance  is  the  hydrottdocyanic  acid  of  Mr.  Pamell,  of 
which  the  probable  formula  is  CioN5Si2H602=H^,Cy5Sia+ 
2HO.  The  neutral  thiocyanides  contain  4  atoms  of  metal  in 
the  place  of  H^,  and  when  insoluble  are  yellow,  while  the 
thiocyanides  combined  with  metallic  oxide  are  black.* 

Mellon^  CeN4  (page  428).  This  is  the  fixed  residue  which 
lemains  as  a  yellow  powder,  on  heating  dry  metasulphocyan(^n 
to  low  redness  in  a  glass  flask,  sulphur  and  bisulphuret  of 
cavbon  being  volatilised  at  the  same  time.  It  was  discovered 
by  M.  Liebig,  who  supposed  4  atoms  of  sulphocyanogen 
(CgN^Sg)  to  be  resolved  into  1  atom  of  mellon  (CgNJ  4  atoms 
oi  sulphur  (4S)  and  2  atoms  of  bisulphuret  of  carbon  (C^SJ. 
But  Mr.  Pamell  has  observed  the  appearance  in  the  decomposi- 
tion of  metasulphocyanogen,  of  water,  sulphuretted  hydrogen^ 
and  hydrosulphocyanic  acid,  in  addition  to  the  products  above. 
He  supposes  three  equivalents  of  metasulphocyanogen  to  be 
resolved  into  four  of  mellon,  C24Nj6 ;  two  of  hydrosulphocyanic 
acid,  S4C4N2H2 ;  four  of  sulphuretted  hydrogen  H4S4 ;  eight  of 
bisulphuret  of  carbon,  CgS^g ;  twelve  of  sulphur  S^^,  and  three 
of  water  Hfiy 

Mellon  is  insoluble  in  water,  alcohol,  and  dilute  acids;  is 
decomposed  at  a  bright  red  heat  into  three  volumes  of  cyanogen 
and  1  volume  of  nitrc^en.  It  is  a  salt-radical,  combining 
diirectly  with  potassium,  with  ignition  and  formation  of  mellonide 
qf  potassium ;  with  hydrogen  it  forms  hydromellonic  acid. 

Cyamlic  acid^  CgNgHjOe  (Liebig).  Mellon  is  decomposed  by 
the  prolonged  action  of  boiling  nitric  acid,  with  disengagement  of 

•  PhiloBoph.  Mftg.  3nl.  Series,  vol.  17,  p.  249. 
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solved  in  caustic  potash^  from  which  it  is  obtained,  on  neutralis- 
ing with  acetic  acid^  as  a  gelatinous  white  precipitate^  this  is 
washed  and  then  redissolved  in  dilute  nitric  acid ;  the  solution 
gives  by  evaporation  crystals  of  pure  nitrate  of  ammeline, 
from  which,  dissolved  in  water,  pure  ammeline  is  precipitated 
by  carbonate  of  ammonia.  It  may  also  be  obtained  by  dissolv- 
ing melam  in  dilute  and  boiling  hydrochloric  acid. 

Ammeline  forms  very  fine  brilliant  silky  needles  ;  is  insoluble 
in  water,  alcohol,  and  ether,  but  dissolves  in  caustic  alkalies. 
Ammeline  is  a  feeble  base  and  combines  only  with  the  more 
i)Owerful  acids.  Its  salts  are  crystalline,  have  an  acid  reaction^ 
and  water  precipitates  ammeline  from  them. 

Ammelide^  CijNgHyOg  (Liebig),  is  a  product  of  the  decompo- 
sition of  melam,  melamine,  and  ammeline  by  concentrated  acids. 
Tlie  solution  is  treated  with  alcohol,  and  the  precipitate  of  am- 
inelide  washed  with  cold  water.  It  may  be  purified  by  solution 
in  nitric  acid  and  precipitation  by  carbonate  of  ammonia.  It  is 
a  white  powder  insoluble  in  water,  alcohol,  and  ether ;  soluble 
in  alkalies  and  the  stronger  acids.  It  forms  a  crystalline  com^ 
pound  with  nitric  acid,  which  is  decomposed  by  water.  When 
long  boiled  in  dilute  nitric  or  sulphuric  acid,  ammelide  is  com- 
pletely decomposed  and  converted  into  ammonia  and  cyanuric 
add. 

HydromlphureU  of  cyanogen. — Dry  sulphuretted  hydrogen 
and  cyanogen  do  not  combine  when  mixed  together  over 
mercury,  but  if  a  drop  of  water  is  added,  the  gases  are  con- 
densed in  the  water,  which  affords  thin  yellow  crystals  by 
evaporation,  observed  by  Gay-Lussac,  of  which  the  com- 
position is  C4N2H3S3 ;  or  an  allantoin,  in  which  the  oxygen  is 
replaced  by  sulphur  (Voelckel).  When  a  stream  of  sulphuretted 
hydrogen  is  conducted  into  an  alcoholic  solution  of  cyanogen, 
the  liquid  soon  becomes  yellow,  and  deposits  fine  orange  red 
crystals,  when  artificially  cooled,  discovered  by  Woehler,  of 
which  the  composition  is  C2NHS  +  HS ;  its  compound  with  lead 
CjNHS  +  PbS  (Voelckel). 

Sulphocyanhydric  acid  and  sulphuretted  hydrogen. — A  com- 
pound acid  of  these  acids  was  obtained  by  Zeise,  as  one 
of  the  products  of  the  reaction  between  gaseous  ammonia  and 
the  bisidphuret  of  carbon  in  alcohol.  Its  empirical  formula  is 
CyS,H, 


URIC  ACID,  ALLANTOIN.  1003 

on  a  filter,  and  is  obtained  perfectly  white.  From  the  brown 
liquid  filtered  firom  the  urate  of  potash,  an  additional  quantity 
<if  uric  acid  may  be  obtained  by  supersaturation  with  hydro- 
chloric acid,  but  the  product  has  a  brownish  colour. 

Uric  acid  crystallizes  in  thin  scales  of  a  silky  lustre  and 
brilliant  whiteness,  is  inodorous  and  insipid,  loses  nothing  at 
21 2*.  This  acid  is  nearly  insoluble  in  cold  water,  requiring, 
according  to  Prout  10,000  parts  of  water  at  60®  for  solution, 
and  but  slightly  soluble  in  hot  water ;  its  solution  has  a  feeble 
reddening  effect  upon  litmus.  It  is  insoluble  in  alcohol  and 
ether.  It  dissolves  in  concentrated  sulphuric  acid,  and  is  again 
thrown  down  on  dilution  with  water.  It  is  also  more  soluble 
in  concentrated  hydrochloric  acid  than  in  water.  In  nitric  acid, 
•uric  acid  dissolves  with  lively  effervescence,  the  gases  disengaged 
being  carbonic  acid  and  nitrogen  in  equal  volumes.  The  solu- 
tion contains  alloxan,  alloxantin,  urea,  parabanic  acid  and 
ammonia.  The  concentrated  liquor  becomes  of  a  purple  red 
(from  murexide),  when  an  excess  of  ammonia  is  added,  affording 
a  character  by  which  uric  acid  may  be  recognised.  (Liebig). 

Urates. — Metallic  oxides  appear  to  combine  with  uric  acid 
without  displacing  the  basic  water  of  the  acid  which  remains 
in  the  salt.  The  urates  of  the  alkalies  and  alkaline  earths  are 
Bparingly  soluble  in  cold,  but  more  freely  soluble  in  boiling 
-water.  Urate  of  ammonia  dissolves,  according  to  Dr.  Prout, 
in  480  parts  of  water  at  60".  Urate  of  potash  forms  crystalline 
scales  soluble  in  about  500  parts  of  cold  water,  but  is  much 
more  soluble  in  boiling  water,  especially  if  there  be  an  excess  of 
alkali  present.  All  the  urates  are  decomposed  by  acetic  acid. 
Urate  of  soda  forms  the  principal  constituent  of  gouty  con- 
cretions. 

ALLANTOIN. 

Formula:  C^R^l^ifi^  or  Cya  +  SHO  (Liebig  and  Woehler). 
This  is  a  crystalline  substance  found  in  the  allantoic  fluid  of 
the  cow,  and  produced  artificially  by  boiling  uric  acid  with  the 
puce-coloured  oxide  (peroxide)  of  lead.  It  is  deposited  from 
the  allantoic  fluid  of  the  cow  when  concentrated  by  a  gentle 
heat  to  one-fourth  of  its  bulk,  upon  cooling,  in  crystals,  which 
are  treated  with  animal  charcoal  and  obtained  perfectly  pure. 
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to  appear  in  the  warm  liquid,  no  more  uric  acid  is  added  for 
the  present,  and  the  whole  is  allowed  to  cool,  when  it  becomes 
semi-solid  from  the  separation  of  crystals  of  alloxan.  The  mass 
is  thrown  on  a  funnel  stopped  with  a  little  asbestos,  and,  when 
it  has  ceased  to  drop,  the  acid  liquor  remaining  in  the  crystals 
is  carefully  displaced  by  a  little  ice-cold  water.  The  crystals  are 
purified  by  solution  in  water,  avoiding  a  strong  heat,  and  by 
recrystallization.  The  acid  liquid  which  has  drained  from  the 
first  crystals  is  again  treated  as  above  with  uric  acid,  and  in 
this  way  one  portion  of  nitric  acid  may  be  made  to  yield  4  to  5 
drops  of  crystals  of  alloxan.  The  mother-liquor  finally  left  is 
not  lost  but  yields  a  large  quantity  of  parabanic  acid,  ozalurate 
of  ammonia,  or  murexide,  if  properly  treated.  By  this  process 
Gregory  obtains,  from  100  parts  of  uric  acid,  65  parts  of  anhy- 
drous alloxan  equal  to  at  least  90  of  the  hydrated  crystals." 
fTumer's  Elem.  of  Chem.  by  Liebig  and  Gregory). 

Alloxan  crystallizes  in  large  colourless  octohedrons  of  a  rhom- 
bic base,  having  considerable  lustre ;  they  contain  6  atoms  of 
water  and  are  efflorescent.  A  saturated  hot  solution  gives 
alloxan  on  cooling  in  oblique  rhomboidal  prisms,  which  are 
anhydrous.  It  is  very  soluble  in  water,  reddens  vegetable 
colours  and  stains  the  epidermis  purple.  It  is  converted  by  the 
action  of  acids  into  alloxanic  acid,  and  when  boiled  with  an 
alkali,  it  is  transformed  into  urea  and  mesoxalic  acid.  The  puce 
oxide  of  lead  changes  it,  with  the  aid  of  heat,  into  urea  and 
carbonate  of  lead,  mixed  with  some  traces  of  oxalate  of  lead. 
It  is  transformed  into  alloxantin  by  sulphuretted  hydrogen,  by 
protochloride  of  tin,  or  by  metallic  zinc  with  hydrochloric 
add.  An  excess  of  ammonia  transforms  it  into  mycomelinic 
acid,  nitric  acid  into  parabanic  acid,  sulphuric  acid  or  hydro- 
chloric acid  into  alloxantin,  sulphurous  acid  and  ammonia 
into  thionurate  of  ammonia,  alloxantin  and  ammonia  into 
murexide  (Liebig). 

jiUoxanic  acid  (supposed  anhydrous),  C4N3HO4  ;  is  produced 
by  the  metamorphosis  of  alloxan  by  caustic  alkalies.  The  anhy- 
drous acid  <;ontains  the  elements  of  half  an  atom  of  alloxan 
minus  1  atom  of  water. 

Mesoxalic  acid  (hydrated),  iHO  +  C^OgH;  or  rather,  2 HO 

-  +C3O4,  is  one  of  the  products  of  boiling  a  saturated  solution 

of  alloxanate  of  barytes  or  stroiitian.     Also,  when  a  solution  of 
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b  poored  drop  br  drop  into  a  1 
of  lead,  agranular  Terr  bcarr  predpha 
fidb,  vbik  nothing  remains  in  the  add 
aectale  of  lead  and  pure  urea.  Bod 
add  cnar  be  separated  and  crrstallized 

Jilfccme&uc  andj  C^^^H^O^^^  i 
excess  of  ammonia  to  a  solution  of  alio 
tore  to  die  boCxng  point.  It  is  almos 
and  is  tiirovn  down  as  a  yeDow  geL 
becomfs  a  yellow  poroos  powder  on  dr 

Pmrabta^  mod,  2HO-rCcX,04,  is  o 
deoompositioo  of  uric  add  or  •llir^^^n 
bj  lidrig  and  WceUer.     It  i%  prepan 
vric  add  or  alloTan  in  S  parts  of  nitric 
ciapofating  the  liqoor  to  a  symp,  and 

It  forms  thin,  transparent,  six-side 
taste^  resembling  that  of  oxalic  add.  1 
and  does  not  effloresce  in  the  atmos] 
partiaDj  volatile. 

Onbarie  aady  HO+C^y^Ufi^  u 
mooia  to  a  boiling-  solution  of  parabai 
rating  with  ammonia  a  solution  recent! 
in  nitric  add,  which  yields  by  evapora 
of  ammonia.  The  acid  when  sepan 
powder,  light  and  crystalline :  its  tast< 
dens  litmus.  Its  aqueous  solution  is  cl( 
ebuUidon,  and  resolved  into  oxalic  a 
It  is  formed  by  the  combination  of  ti 
add  with  2  atoms  of  water.  The  crys 
elements  of  2  atoms  of  oxalic  add  an( 
may  be  considered  as  unc  acid  in  whicl 
oxalic  acid.    Liebig  . 

Thionurlc  acid,  HO  ^  0^X311306^8/ 
duced  by  the  simultaneous  action  of  s 
monia  upon  alloxan.  Liberated  from 
sulphuretted  hydrogen,  it  crystallizes 
persistent  in  air.  very  soluble  in  water 
It  contains  the  elements  of  1  atom  of 
monia  and  2  atoms  of  sulphurous  acid. 
acid,  2  atoms  of  oxv::en  of  the  alloxan  1 
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sulphurous  acid  to  form  sulphuric  acid,  while  the  elements  of 
nrile,  ammonia  and  water  combine  and  give  rise  to  uramile. 

Vramiley  CgNgH^Og,  is  prepared  by  adding  hydrochloric  acid 
to  a  saturated  and  boiling  solution  of  thionurate  of  ammonia, 
till  it  is  strongly  acid;  the  heat  is  continued  till  the  liquid 
begins  to  become  turbid ;  it  is  then  allowed  to  cool  for  crystal- 
lization. Uramile  crystallizes  in  thin  and  hard  tufts,  or  presents 
itself  in  the  form  of  a  brilliant  white  powder,  composed  of  very 
thin  silky  needles.  It  is  sparingly  soluble  in  hot  water,  wholly 
insoluble  in  cold  water,  dissolves  in  ammonia  and  caustic  alka- 
Kes^  and  is  again  precipitated,  without  alteration,  by  acids. 
A  solution  of  potash  and  dilute  acids  boiled  upon  uramile,  con- 
'vert  it  into  uramilic  acid,  disengaging  ammonia.  The  am- 
moniacal  solution  of  uramile  becomes  purple-red  in  air,  and 
deposits  crystalline  needles  of  a  green  colour  and  metallic  lustre. 
In  contact  with  oxide  of  mercury  or  oxide  of  silver,  it  is  decom- 
posed, by  ebullition,  into  murexide,  and  at  the  same  time 
reduces  the  oxides  to  the  metallic  state. 

ITrami/icacirf^CigNgHiQOig,  is  prepared  by  dissolving  thionu- 
rate  of  ammonia  in  cold  water,  adding  to  the  saturated  solution 
a  small  quantity  of  sulphuric  acid,  and  evaporating  by  a  water- 
bath;  after  a  time  uramilic  acid  is  deposited  in  transparent, 
four-sided  prisms  of  a  vitreous  lustre,  or  in  silky  needles.  It 
is  soluble  in  6  or  8  parts  of  cold  water,  and  in  3  parts  of  boiling 
water;  the  solution  is  feebly  acid.  In  the  formation  of  uramilic 
acid  i  atoms  of  uramile  unite  with  the  elements  of  3  atoms  of 
water,  yielding  up  at  the  same  time  the  elements  of  1  atom  of 
ammonia. 

ALLOXANTIN. 

Formula:  CgNaHgOiQ.  Alloxantin  was  first  observed  by 
Dr.  Prout  among  the  products  of  the  decomposition  of  uric  acid 
by  nitric  acid,  and  more  lately  produced  and  studied  by  MM. 
Liebig  and  Woehler.  Several  processes  are  given  by  the  latter 
chemists  for  its  preparation.  1.  From  uric  acid, — One  part  of 
uric  acid  is  boiled  with  32  parts  of  water,  and  dilute  nitric  acid 
added  by  small  portions  at  a  time  till  the  uric  acid  is  completely 
dissolved,  and  the  liquor  evaporated  to  two- thirds.  In  the 
course  of  a  few  days,  or  sometimes  a  few  hours,  the  alloxantin 
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aHoxuitin,  more  Bulphur  18  deposited,  and  on  saturating  vith 
ammonia  a  salt  crystallises  in  thin  colourless  needles,  of  which 
the  formula  is  CgNjH^Og,  which  is  considered  a  compound  of  a 
new  acid,  dialuric  acid,  with  ammonia.  This  acid  is  resolved 
into  new  products  when  liberated  by  another  acid,  one  of  these 
produced  by  exposure  to  air  and  evaporation  of  the  solution  of 
the  ammoniacal  salt  in  dilute  sulphuric  or  hydrochloric  acid,  is 
dhmnrph(m9  allorantiny  a  body  having  the  same  composition  as 
•Itozantin  but  a  diifcrent  form.  On  mingling  boiling  solutions 
of  sal  ammoniac  and  alloscantin,  the  mixture  becomes  suddenly 
df  m  purple  red  colour,  then  gradually  loses  its  colour,  becoming 
tarbid,  and  deposits  colourless  brilliant  plates  of  uramile,  which 
beeome  rose-red  on  drying.  The  liquid  contains,  after  its  de- 
cknnposition,  alloxan  and  free  hydrochloric  acid.  When  a 
ablation  of  alloxantin  is  heated  with  caustic  ammonia,  uramile 
and  mycomelinate  of  ammonia  are  first  formed,  but  are  decom- 
piMfed  into  other  products  by  the  prolonged  action  of  ammonia 
and  air.  A  recent  y>Iution  of  alloxantin  in  ammonia  gradually 
absorbs  oxygen  from  the  air,  and  deposits  crystals  of  oxalurate 
tff  ammonia. 

MUREXIDE. 

'-  Formula:  Ci^NgHgOg  (Liebig  and  Woehler).  This  beautiful 
product  of  the  decomposition  of  uric  acid  was  first  described  by 
Dr.  Prout,  under  the  name  of  purpurate  oflammonia.  Murex- 
id^  may  be  formed  by  evaporating  a  solution  of  uric  acid  in 
dlhte  nitric  acid,  until  the  solution  acquires  a  flesh  red  colour, 
allowing  it  to  cool  to  160^,  and  then  treating  it  with  a  dilute 
siflution  of  ammonia,  till  the  presence  of  free  ammonia  is 
i^emariced  by  the  odour ;  the  liquid  is  then  diluted  ^dth  half  its 
ifibhime  of  water  and  allowed  to  cool.  It  may  also  be  formed  by 
Minging  together  many  of  the  products  of  the  action  of  nitric 
acid  on  uric  add,  with  ammonia,  with  or  without  the  presence 
6f  atmospheric  air.  The  following  method,  proposed  by  Liebig 
and  sKghtly  modified  by  Gregory,  appears  to  be  the  easiest  and 
moat  certain,  and  also  most  productive. 

^  Seven  grains  of  hydrated  alloxan  and  4  grains  of  alloxantin 
are  dissolved  by  boiling  in  240  grains  of  water,  and  the  boiling 
aolatkm  added  to  80  grains  by  measure  of  a  cold  and  strong 
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solution  of  carbonate  of  ammoiiiiu  This  mixture  has  precisely 
tlie  proper  temperature,  and  deposits  very  fine  crystals  of  mo* 
rcxide.  The  exi>eriment  is  not  so  successful  on  a  large  scale, 
probably  because  the  liquid,  by  remaining  longer  warm,  under- 
goes a  partial  change.  It  is  best  to  try  first  a  saturated  solution 
in  cold  water  of  carbonate  of  ammonia.  If  it  do  not  yield  good 
cr}'Stal$^  add  a  little  water,  and  try  it  again,  and  so  on  till  a 
solution  of  the  carbonate  is  obtained^  which  gives  a  good  remits 
The  difficulty  is  owing  to  the  spontaneous  formation  of  differetit 
carbonates  by  the  action  of  water  on  the  carbonate  of  tlie  shops  | 
but  when  a  proper  solution  is  obtained,  the  experiment  never 
fails,*'  (Turner's  Chem.  ike.  p.  776)- 

Murexide  crystallizes  in  short  four-sided  prisma,  of  which 
two  faces,  like  the  upper  wings  of  cantharides,  reflect  a  e- 

tallic  lustre.  Tlie  crystals  are  gamet-red  by  transmu  .  .  _,  li; 
their  powder  is  reddish  brown,  and  acquires  a  green  lustre 
under  the  burnisher.  Murexide  is  but  slightly  soluble  in  cold 
watcr^  but  colours  it  of  a  magnificent  purple  ^  it  dissolves,  how- 
ever, readily  in  water  at  1 58",  and  crystallizes  again  on  the  cool- 
ing of  its  solution ;  it  is  insoluble  in  akoliol,  ether,  or  in  wat«r 
saturated  with  carbonate  of  ammonia.  But  this  substance  can- 
not be  purified  or  obtained  in  crystals  of  large  size,  by  crystal- 
lizing  it  from  boiling  water.  For  on  boiling  murexide  in  a 
small  quantity  of  water  for  the  time  necessary  to  dissolve  the 
whole,  the  crystals  become  colourless,  and  upon  cooling,  a  yet 
low  gelatinous  matter  precipitates.  Hence,  probably,  ''  'hi 
uncertainty  wliich  attends  even  the  best  process  for  :  m* 

ration  of  this  substance.  Murexide  dissolves  in  solution  of 
potashj  producing  a  superb  indigo  blue  colour,  which  disappean 
with  the  application  of  heat,  ammonia  being  disengaged.  All 
the  inorganic  acids  decompose  murexide,  precipitatii^  from  iff 
solution  murexan  in  small  brilliant  plates.  Sulphuretted  hy- 
drogen decomposes  it  immediately  into  aUoxanttn,  dialurie 
acid  and  murexan,  while  sulphur  is  set  free, 

Murewan,  C0N3H4O5,  was  named  purpuric  acid  by  Prout,  It 
is  formed  on  dissolving  murexide  with  heat  in  caustic  potash, 
heating  till  the  blue  colour  disappears^  and  then  adding  an 
excess  of  dilute  sulpliuric  acid.  It  crystallizes  in  coluurUst 
plates,  which  have  a  silky  lustre  and  are  very  brilliant,  is  into- 
luble  in  water  and  dilute  acids;  it  dissolves  in  ammania aiid 
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other  alkalies,  in  the  cold,  without  neutralising  them.  The 
properties  of  miirexan  closely  resemble  those  of  uranaile.  Like 
uramile,  niurexan  boiled  ^"ith  water,  red  oxide  of  mercury  and 
a  httle  ammoma,  yields  murexide.  The  composition  of  niu- 
rexan and  uramile,  also,  not  difFering  mueh  in  100  parts,  Dr. 
Gregory  admits  it  to  be  possible  that  these  two  substances  may 
be  essentially  the  same. 


CHAPTER  XL 
SECTION  L 

ORGANIC   PROCESSES  OF   PLANTS    AND   ANIMALS. 

Without  describing  the  structure  of  the  organs  of  plants 
and  animals,  I  may  state  shortly  the  principal  observations 
which  have  been  made  respecting  the  food  of  plants  and  animals 
and  the  chemical  changes  which  it  undergoes  in  the  animal 
economy,  with  the  relation  wliieh  subsists  between  plants  and 
animals.  Besides  secreting  the  lignin  and  cellulose  which  form 
the  basis  of  their  own  solid  structure,  plants  elaljorate  in  their 
organs  various  substances  destitute  of  structure,  such  as  sugar, 
starch,  gum,  resins,  essences,  fat  oils,  and  the  endless  variety  of 
principles  which  the  vegetable  kingdom  presents  to  the  chemist 
for  examination.  These  principles  are  either  contained  in  the 
fluids  of  the  plant,  or  are  stored  up  in  particular  organs,  or  are 
thrown  oflf  as  excretions, 

Tlie  mode  of  formation  of  such  principles  in  the  plant  and 
c  chemical  agencies  by  which  one  principle  is  transformed 
to  another,  have  hitherto  been  very  imperfectly  tracecl,  owing 
the  difficulty  of  the    investigation  occasioned  both  by  the 
inuteness  of  the  mechanism  aud  the  obscure  nature  of  the 
lecomposing  forces  which  appear  to  preside  in  organic  changes. 
These  forces,  so  far  as  we  can  judge,  are  cbieBy  of  the  catalytic 
class,  the    azotised    albuminous    principles   of    plants    having 
ciaily  the   function  of  ferments,  which  react  generally  upon 
her  principles    in   the  same   manner,  it  may   be  supposed, 
we  observe  diastase  to  operate  during  the  germination  of 
leds  in   converting  tlieir  starch  into  gum  and  sugar.     Nature 
pears  to  liave  produced  and  placed  near  each  principle  its  pe- 
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Varying  from  4  to  6  10,000ths.  of  its  volume-  Small  as  this 
quantity  appears  it  is  shown  to  exceed  considerably  in  amount 
the  whole  carbon  existing  both  in  living  vegetables  and  in  the 
fossil  state  as  mineral  coal.  The  variation  in  the  proportion  of 
carbonic  acid  by  night  and  by  day,  in  winter  and  in  summer 
is  rightly  judged  by  M.  Dumas  to  be  a  simple  meteorological 
phenomenon,  depending  upon  this  gas  being  brought  down  in 
rain,  and  absorbed  and  retained  in  largest  proportion  by  water 
in  the  cold  season.  The  gas  is  directly  absorbed  from  the  at- 
mosphere by  the  leaves,  and  also  from  the  humid  soil  by  the 
roots  of  plants.  Boussingault  observed  vine  leaves  in  a  glass 
▼easel  to  absorb  completely  the  carbonic  acid  from  the  air  as 
fast  as  it  was  carried  to  them,  however  rapid  the  current 
through  the  vessel.  M.  Boucherie  has  also  observed  enormous 
quantities  of  carbonic  acid  to  escape  from  the  trunk  of  a  tree 
cut  when  in  full  sap,  evidently  aspired  from  the  soil  by  the 
roots.  Under  the  deoxidating  influence  of  light,  plants 
decompose  carbonic  acid  retaining  its  carbon  for  their  own 
use,  and  returning  its  oxygen  to  the  atmosphere.  Their  green 
leaves  absorb  the  chemical  rays  of  the  sun  so  completely,  as 
to  give  no  image  in  the  Daguerreotype.  Plants  thus 
possess  energetic  means  of  reduction  which  cannot  be  imi- 
tated, for  chemists  are  ignorant  of  any  method  of  decom- 
posing carbonic  acid  in  the  cold.  Plants,  however,  also 
exhale  carbonic  acid,  particularly  in  the  absence  of  light,  and 
this  has  been  supposed  analogous  to  the  expiration  of  carbonic 
acid  by  animals,  and  depending  upon  the  respiration  of  plants. 
M.  Liebig,  however,  looks  upon  this  exhalation  as  entirely 
physical,  as  the  escape  by  diffusion  into  air  of  the  carbonic  add 
dissolved  in  the  fluids  of  the  plant,  in  the  absence  of  the  re- 
ducing light ;  the  carbonic  acid  being  derived  by  the  roots  from 
decomposing  humus,  and  this  exhalation  most  considerable  from 
plants  growing  in  a  rich  soil.  Thus,  at  night,  plants  allow 
the  carbonic  acid  to  pass  through  them,  without  absorbing  it. 
Ammomia  also  finds  its  way  into  the  atmosphere,  being  a 
product  of  the  putrefactive  decomposition  of  all  azotised  bodies, 
and  is  evolved  from  them  principally  in  the  condition  of  the  vola- 
tile carbonate.  The  existence,  however,  of  this  substance  in 
the  air  must  be  transient,  as  from  its  solubility  in  water,  it  will 
be  brought  down  to  the  earth  by  every  shower.     It  thus  enters 
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■rlidMlEe  and  legmtiiiioiis  plants  getmsmBf  can  aaii- 
the  /nee  ailrvfcsa  of  tiie  atmoapheie^  to  a  anaall  csinl^ 
tibm  oereab  and  otiier  planta  are  entirely  lii'iliiaifi  ef 
povrc*     ne  quandtf  of  nitric  acid  or  tutrale  of  an- 


infliienm  of  the  fdapatUe  nwMiak  tfaf 
contain,  or  ii  added  in  the  form  of  the  aabes  of  bamt  miod  and 
J5arf%  pknpkmie$  are  quite  essential  to  the 
:  added  to  the  aoil  in  animal  raaniue ;  hence  the 

that  the  cereals,  like  the  domealie  • 
iBMi  inhia  migimtions. 
The  Tcgelnhle  kingdom  is  undoubtedly  the  great  hd>Qfatnr7 
in  whi^  or^nic  snhstanoea  are  prodooed,  for  from  the  inb- 
Btnaees  enmner«tedt»  water,  carbonic  acid  and  ammonia^  and  not 
from  any  stove  of  ordinal  matter  in  the  soil  aie  the  pimijilm 
ID  plants  dmrcd.  The  steps  of  the  oonTersaon  of  thoe  ^ 
the  Of^anic  prindples  in  the  ofKaniam  of  the  plant ' 
tion^  hot  the  genend  character  of  T^etaUe  actaoci  is  of  a 
ifwhiriiiB  iiatara^  aodi  as  the  Snn^s  light  faroors^  eafbonie  add 
eotmnly  and  probably  water  being  decomposed,  their  omben 
and  hydnigen  retained,  and  their  osygen  letnrned  to  lbs 
atmosphere. 

Food  ^  AmmmlM^ — ^The  organic  matters  prodneed  by  [ 
form  the  food  of  animals  i    for  animals  produce  little  or  no 
organic  matter,  but   on  die  contrary  destroy  it*    Indeed  Chi 
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character  of  the  chemical  action  of  animals  is  exceedingly  well 
defined,  and  the  reverse  of  that  of  plants.  The  animal  frame 
may  be  looked  upon  as  an  apparatus  of  combustion,  in  whidi 
the  reduced  hydrogen  and  carbon  of  plants  are  again  oxidated 
as  in  a  furnace,  and  returned  to  the  atmosphere  in  the  form  of 
water  and  carbonic  acid.  Thus  are  sustained  the  animal  heat, 
and  the  powers  of  locomotion  of  animals.  While  carbonic 
add  and  nitrogen  in  the  form  of  salts  of  ammonia  are  sup- 
plied to  the  vegetable  world. 

Animals  require  azotised  food  for  their  growth,  for  all  the 
great  constituents  of  the  animal  frame,  such  as  its  fibrin 
alliumen,  and  casein  are  azotised  matters ;  nothing  indeed  is 
found  in  the  soft  parts  of  the  body  which  is  not  azotised,  except 
water  and  fat,  neither  of  which  is  organised.  For  the  renewid 
of  these  parts,  a  constant  supply  of  azotised  food  is  also  neces- 
aary.  Gum,  starch,  and  sugar,  which  contain  no  nitrogen,  are 
incapable  alone  of  supporting  life  for  any  considerable  period, 
and  animals  fed  exclusively  upon  the  latter  substances  event- 
tiaUy  succumb  with  all  the  appearances  of  death  from  starva- 
tion. 

^  Jtespiraiion. — But  elementary  substances  of  the  amylaceous 
class  although  they  afford  no  element  to  the  body,  supply 
carbon  to  be  burned  in  respiration,  consisting  as  they  do  of 
carbon  with  oxygen  and  hydrogen  in  the  proportions  of  water. 
In  the  lungs  of  the  higher  animals,  the  dark  venous  blood  is 
exposed  to  air  through  a  thin  and  humid  membrane,  permea- 
ble to  oxygen  from  its  solubility ;  that  gas  is  absorbed  by  the 
blood,  and  imparts  to  it  a  fine  florid  red  colour,  and  the 
characters  of  arterial  blood.  There  is  no  reason  to  believe 
that  any  considerable  oxidation  occurs  in  the  lungs  although 
the  gas  is  dissolved  there  by  the  blood.  The  latter  containing 
free  oxygen  is  carried  by  the  circulation  to  tlie  extreme 
capillaries,  where  the  processes  of  secretion  to  which  it 
contributes  are  most  active,  and  where  it  will  enter  into  com- 
bination in  largest  quantity.  Indeed  it  has  been  found  by 
experiment  that  venous  blood  absorbs  oxygen  and  becomes 
red  and  arterial,  without  producing  the  smallest  trace  of  heat. 
Carbonic  acid  being  formed  is  carried  by  the  venous  blood 
to  the  lungs  where  it  escapes,  at  the  same  time  that  the  blood 
obtains  oxygen  from  the  air  and  is  arterialised.      From  the 
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accurate  observations  of  Professor  Magnus  on  the  ^Bses  at 
bloody  it  appears  that  blood  gives  out  from  one  tenth  to 
eighth  of  its  bulk  of  gas  wlien  placed  in  vacuo;  that  the  fpt^, 
obtained  from  both  arterial  and  venous  blood  contains  oitrog^ni 
oxygen  and  carbonic  acid  ;  but  that  while  the  oxygen  in  venous 
blood  is  at  most  from  one  fourth  to  one  fifth  of  the  volume  of 
the  carbonic  acid,  the  oxygen  in  the  arterial  blood  e<|uitl4  aft 
least  one  third  and  sometimes  almost  half  of  the  volume  of  die 
carbonic  acid  in  the  same  blood*  The  solvent  power  of  the 
serum  of  the  blood  of  the  ox,  for  carbonic  add  was  ftjund^ 
by  M.  Scherer,  to  be  double  that  of  pure  water ;  the  sentm 
disi»olving  twice  its  bulk  of  carbonic  acid,  while  water  dis- 
solves only  an  equal  bulk  of  that  gas,  at  the  usual  tcrnnera- 
ture  of  the  atmosphere. 

The  air  of  an  easy  expiration  amounts  to  15  or  \>s 
hiches,  and  contains  about  3  i  percent  of  carbonic  acid* 
air  of  a  deep  expiration  contains  6  or  S  per  cent  of  tbat  ga^t  ami 
will  not  support  the  combustion  of  a  candle.  According  Id 
Mr.  Coathupe,  the  quantity  of  air  which  passes  through 
lungs  of  a  man  of  ordinary  size,  in  twenty-four  hours,  is  26<»l  \ 
bic  feet,  of  which  2O4  cubic  feet  are  changed  into  corboi 
The  quantity  of  carbon  thus  thrown  off  daily  fix>m  the 
considerable,  and  is  found  by  M.  Liebig  to  be  in  proportion  to 
the  animal  heat  evolved  and  exercise  taken,  and  thus  Tsrieft  000- 
siderably  in  different  individuals.  The  proportion  of  carbon  ex- 
pired by  himself  is  6i  ounces  daily,  by  a  soldier  1J|  ounces,  by 
prisoners  in  close  confinement  ^  ounces,  and  by  a  boy  who  takes 
considerable  exercise  9  ounces.  In  an  experiment  made  on  a 
large  scale,  in  ^hich  the  quantity  of  carbon  in  the  food  and 
also  in  the  excrements  and  urine  of  85 1>  soldiers  was  asoer- 
talned  and  compared,  it  was  found  tlmt  the  carbon  of  the  latttff 
amounted  only  to  one  twenty-seventh  part  of  the  carbon  of  the 
former;  and  consequently  tw*enty-six  twenty-sevenths  of  the 
whole  carbon  in  the  food  was  converted  into  carbonic  acid  and 
discharged  by  the  lungs. 

When  the  expired  air  of  man  and  birds  is  examined,  tb«  piP- 
portion  of  oxygen  which  has  disappeared  has  genendiy  becnfinpid 
sensibly  the  same  as  that  of  the  carbonic  acid  prodaood ;  while  it 
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will  be  remembered  that  oxygen  is  converted  into  carbonie  add, 
by  the  combustion  of  carbon,  without  any  change  of  volume. 
Sach  should  be  the  result  if  the  oxygen  absorbed  in  respiration 
18  wholly  consumed  in  oxidating  carbon,  as  it  must  be  when 
the  food  is  purely  farinaceous;  such  articles  of  diet  as  starchy 
sfogar  and  gum  containing  already  sufficient  oxygen  to  convert 
dieir  hydn^n  into  water,  and  requiring  oxygen  therefore  to 
bom  their  carbon  only. 

According  to  some  observations,  upon  which  reliance  may 
be  placed,  the  oxygen  which  disappears  in  the  respiration  <xf 
man  is  always  a  little  more  than  the  volume  of  carbonic  acid 
produced,  which  would  indicate  that  a  part  of  the  oxygen  is 
consumed  in  oxidating  other  principles  besides  carbon,  such  as 
the  sulphur  and  phosphorus  which  are  dischai^ed  in  an  oxidated 
state  in  the  urine ;  and  to  a  greater  extent  probably,  in  oxidating 
hydrogen,  with  formation  of  water.  In  the  respiration  of  car- 
Bivorous  animals,  the  proportion  of  oxygen  which  disappears, 
idthout  being  replaced  by  carbonic  acid,  is  considerable,  ao- 
cording  to  the  observations  of  Dulong,  a  fact  which  may  be 
connected  with  the  decided  excess  of  hydrogen  over  oxygen,  in  the 
composition  of  their  food.  Carbonic  acid  is  also  exhaled  from 
At  sldn  of  man  and  other  animals,  as  well  as  from  the  lungs. 
The  question  of  the  absorption  of  nitrogen  from  the  air,  in  the 
respiration  of  animals,  has  been  finally  settled  in  the  negative : 
they  are  incapable  of  assimilating  that  element  in  a  free  state. 
(Boussingault :  Ann.  de  Chim.  &c.,  Ixxi,  113,  and  128). 
It  is  certain,  however  that  nitrogen  is  occasionally  exhaled  from 
the  lungs,  in  a  sensible  quantity,  (Edwards,)  and  must  come 
firom  the  decomposition  of  an  azotised  constituent  of  the  blood. 

The  fat  of  animals  is  a  provision  for  the  supply  of  oxidable 
matter  in  respiration,  and  speedily  disappears  in  the  absence  of 
food,  without  a  particle  of  it  being  discovered-  in  the  urine  or 
ftces.  Fat  is  most  abundant  in  herbivorous  animals,  because 
their  supply  of  food  from  the  vegetable  kingdom  ceases  in 
winter,  and  is  a  provision  for  their  sustenance  during  that 
pmod ;  on  the  contrary  the  bodies  of  carnivorous  animds  in  a 
Mate  of  nature  are  entirely  destitute  of  fat.     (Liebig.) 

The  following  theory  of  respiration  or  of  the  action  of  oxygen 
upon  the  blood,  proposed  by  MM.  Dumas  and  Boussingault, 
has  a  high  degree  of  probability.     Under  the  influence  of  the 
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oxygen  absorbed,  the  soluble  matters  in  the  blood  arc  sapponed 
to  be  converted  into  lactic  acid,  an  acid  which  has  been  observed 
in  the  blood  by  Mitscherlich^  Boutron-Chalard  and  Freniy,  This 
lactic  acid  itself  becomes  lactate  of  soda,  and  undergoing  a  true 
combustion  from  combination  with  oxygen  is  converted  into 
carbonate  of  soda.  Tlie  last  salt  is  decomposed  in  it^  turn  k^H 
a  new  portion  of  lactic  acid,  and  the  carbonic  acid  set  (m^^ 
with  which  the  venous  blood  coraes  charged  to  Uae  lungs* 
The  conversion  of  farinaceous  matters  into  lactic  acid,  out  of  the 
body,  by  the  action  of  a  special  ferment,  is  a  fact  well  under- 
stood; and  the  discharge  by  the  urine,  of  salts  of  the  oigaoiic 
acids,  such  as  tartrates,  acetates  and  citrates,  in  the  form  of 
alkaline  carbonates,  has  also  long  been  observed.  The  large 
production  of  lactic  acid  in  the  blood,  and  its  conversion  by 
oxidation  into  carbonic  acid  may  therefore  be  admitted. 

The  oxidation  occurring  in  respiration  is  quite  sufficient  to 
account  for  the  animal  heat,  MM«  Dulong  and  Deprets 
observed  an  excess  of  heat,  in  their  experiments  upon  animals, 
which  was  ascribed  by  them,  and  by  physiologists  generally,  to 
a  calorific  power  peculiar  to  tlie  animal  and  independant  of 
respiration.     But  in  these  experiments  it  was  as ^  '    liat 

animal  placed  in  a  calorimeter  with  cold  water,  Km    .        iiav 
exactly  the  temperature  with  which  it  entered ;  a  thing  abso- 
lutely impossible,  as  is  now  known.     The  cooling  of  the  aiuiDiil 
occasioned  the  excess  of  heat  obtained  in  their  experiments. 

The  animal  frame  appears  thus  to  have  eminently  the  cha- 
racter of  an  apparatus  of  combustion,  by  which  the 
substances  which  are  formed  in  the  vegetable  world  and 
as  food  to  animals,  are  converted  again  into  simpler  forms 
matter,  such  as  carbonic  acid,  water  and  other  oxidated  pr< 
which  are  returned  to  the  atmosphere  and  to  the  soil  to  beeomi 
again  the  food  of  plants.* 

Diyestion. — The  principal  constituents  of  ficsii  and  the  animal 
fluids  are  all  azotised  substances,  namely  fibrin,  albumen  and 

•  *•  To  niouDt  to  llic  summit  of  Mont-Blaoc,  a  roiti  req»i  !qy«  of  tiRlfV 

lioars.    During  Ihiit  time  be  bums  on  an  nveriige  3l>0  ^t^ 
258  ^miDS  11%'oirdijpois)  of  c.irUon  or  the  equivftlcnt  of  hydrugi  u.  Ji  4 
wens  «tDployeil  to  cnrry  him  tbere,  it  would  burn  from  1000  to  1200  gtm 
do  ibe  same  work.**— £^5^011  t%w  U  Se*itifu«  chtmiiptt  drt  it/wt  •t^mmUdi^ 
par  M.  DumoM. 
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casein,  the  last  existing  in  milk  and  being  the  basis  of  cheese« 
Two  very  important  conclusions  have  lately  been  drawn  re- 
specting the  relations  of  these  substances  to  each  other,  and 
their  origin  in  the  vegetable  kingdom.  The  first  is  a  deduction 
firom  the  analysis  of  these  substances  by  M.  Mulder,  which 
has  been  repeated  and  confirmed  in  the  Giessen  laboratory, 
namely,  that  these  three  substances  are  identical  in  composition. 
The  following  are  the  results  of  M.  Mulder's  analyses : 

FIBRIN.  ALBUMEN.  CASEIN. 


Of  eggt.  Of  senim. 

Carbon     .     .     54.56  54.48  54.84             54.96 

Nitrogen  .     .     15.72  15.70  15.83             15.80 

Hydrogen     .       6.90  7.01  7.09               7-15 
Oxj^en          T 

Phosphorus    >  22.82  22.81  22.24             22.09 
Sulphur         J 


100.  100.  ibo.  100. 

The  proportion  of  the  carbon  to  the  nitrogen  in  these  sub- 
stances is  that  of  8  equivalents  of  the  former  to  I  of  the  latter. 
They  differ  slightly  in  the  minute  quantity  of  phosphorus  and 
sulphur  with  which  they  are  accompanied.  They  all  dissolve 
in  concentrated  hydrochloric  acid,  with  the  aid  of  heat,  and  the 
solutions  kept  for  a  time  at  a  pretty  high  temperature,  first 
assume  a  beautiful  lilac,  and  then  a  rich  violet  blue  colour. 
At  this  stage  of  the  decomposition,  each  of  the  three  substances 
re-acts  in  Ae  same  way  with  carbonate  of  ammonia  and  other 
re-agents.  With  considerably  different  physical  properties, 
ihey  appear  to  be  modifications  of  a  common  principle,  which 
Mulder  names  Protein,  and  expresses  by  C40H31N5O12 ;  Liebig, 
by  C^HaeNeOi,. 

The  second  conclusion  is  the  observation  of  M.  Liebig,  that 
animals  draw  these  principles  ready  formed  firom  the  vegetable 
kingdom,  and  do  not  organise  them.  The  parallel  vegetable 
principles  are  vegetable  fibrin,  a  constituent  of  gluten  first  pro- 
perly distinguished  by  Liebig,  and  gluten  itself,  vegetable  albu- 
men, and  legumin,  or  as  it  is  termed  by  Liebig,  vegetable 
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casein  ;  the  latter  two  beine  kirttacaL  wignaib^  n  ji'iue.'ji si 
in  composition,  with  animal  allra^Ksz.  azif  BixmaL  ^■■■^^  1\b 
appears  by  the  foUotring  analT^es  -vinrs  v=is  ^aerifet  tf 
Giessen.* 

VEGETABLE   FI2Z=!^ 

1.                                 li.  Si. 

(Dr.  IL  Bcace  Jomi.)  ,Z>r.  SvaKsv.  T*-  ^■^— p , 

Carbon      .     .     53.83                  >4jvjS  54j^'d 

Nitrogen   .     .     15.59                  15.^IO  15^:* 

Hydrogen      .       7.02                    7^?J  7.i>i 


Oxygen 
Sulphur 
Phosphorus 


Sulphur         >    23.56  22.255  f2iW 


100.  lew.  i^CL 

VEGETABLE  ALBUME>~. 


.  From  rye. 

Trzmc^ 

(Dr.  Jooet). 

From  vbnt. 

ptea. 

Carbon 

.      54.74 

55.01 

M.-5 

Nitrogen    . 

.      15.85 

15.92 

15>^ 

Hydrogen 

.        7.77 

7-23 

'^.Sf^ 

Oxygen 

1 

Sulphur 

^  21.64 

2  J. 84 

2:.ic> 

Phosphorus 

J 

100.                   100.  UX'. 

LEGUMIN    OR    VEGETABLE    CASEIN.       GLCTEX. 

(Dr.  Scherer.)  r>r  J-.q^i 

Carbon     ....     54.138  55,22 

Nitrogen.     .     .     .     15.672  J5.9S 

Hydrogen     .     .     .       7-156  7  4> 

"3^:,}  ■  ■  ■ «»'  =i..>s 


100.  KK). 

Tlic  vegetable  and  corresponding  animal  principles  are  also 
*  Anualcu  der  Chiojic  uud  Pliarmacic,  vxiix,  I2'j. 
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accompanied  by  the  same  inorganic  substances^  in  small  quan- 
tity, namely  magnesia,  phosphoric  acid,  lime,  iron,  alkalies  and 
mlphur.  They  evolve  the  same  foetid  odour  when  heated,  and 
ipye  the  same  volatile  products  containing  sulphur  and  phos- 
phorus. 

Animals  thus  obtain  the  constituents  of  their  bodies  from 
plants,  if  herbivorous,  or  from  the  bodies  of  other  animals,  if 
GBitiivorous,  and  merely  assimilate  organic  principles  without 
organising  them.  For  the  azotised  vegetable  principles  take  a 
new  form  in  the  animal  organism,  without  any  change  in  their 
bhemical  composition.  The  albumen,  fibrin  and  casein  of  the 
•niinal  system  also  admit,  from  the  identity  of  their  ultimate 
composition,  of  being  readily  converted  one  into  the  other, 
according  as  each  is  required  in  the  animal  economy.  Ani- 
mal digestion  comes  thu3  to  be  deprived  of  much  of  its  mystery* 
M.  Dumas  has  thus  expressed  himself,  very  lately,  respecting 
that  process. 

^  Digestion  is  a  simple  function  of  absorption.  The  soluble 
matters  pass  into  the  blood,  for  the  most  part  unaltered ;  the 
iaaoluble  matters  arrive  in  the  chyle  sufficiently  divided  to  be 
aspired  by  the  orifices  of  the  chyliferous  vessels.  Digestion  has 
evidently  for  an  object  to  restore  to  the  blood,  a  matter  proper 
to  furnish  for  our  respiration  the  ten  or  fifteen  grammes  of 
carbon  or  the  equivalent  of  hydrogen,  which  every  individual 
boms  per  hour,  and  also  to  provide  the  gramme  of  nitrogen, 
which  is  exhaled  every  hour,  in  part  by  the  lungs  and  skin,  as 
well  as  by  the  urine.  Thus,  amylaceous  matters  are  converted 
iiitD  gum  and  sugar ;  the  saccharine  matters  formed  are  absorbed. 
The  fat  matters  are  divided,  form  an  emulsion,  and  so  pass  into 
the  vessels,  to  form  afterwards  deposits,  which  the  blood  takes  up 
and  bums,  when  they  are  required.  The  neutral  azotised  mat- 
ters, the  fibrin,  albumen  and  casein,  first  dissolved,  then  pre- 
cipitated, pass  into  the  chyle  highly  divided  or  dissolved 
anew. 

^  An  animal,  therefore,  receives  and  assimilates  almost  un- 
touched, the  neutral  azotised  matters  which  he  finds  ready  formed 
in  the  animals  or  plants  upon  which  he  lives  ;  he  receives  oily 
substances  which  come  from  the  same  sources,  and  also  amyla- 
ceous and  saccharine  substances  of  the  same  origin.  These 
three  orders  of  matters,  of  which  the  origin  is  always  traceable 


J  ^■^JB**'?  wader  nm  hmurwurm  of 
tf^ci  tbt  mm.    Tfaepioportni  iif  ftwooETga  m  liie 
m  ftfuygiitlj  nisBd,  by  their  actioa  firom  SO  tti    K,  or 
dr  CPCB  to  €1  par  emt,  while  carbonie  acid 
corresponding  proportion.     It  is  in  the  emckeUe 
Borx,)  <">*r»  ««■<*  •"■^  oAer  greet 
.thatlkb 
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SECTION  IL 

MODIFICATIONS  OF   PROTEIN:  ALBUMEN,   FIBRIN,   CASEIN. 

ALBUMEN. 

This  substance  forms  the  white  of  eggs,  whence  its  name,  and 
is  the  principal  constituent  of  blood  ;  it  is  also  found  in  many 
fluid  secretions,  and  in  nearly  all  the  solids  of  the  animal  body. 
It  exists  in  two  conditions,  soluble,  as  it  is  in  the  animal  fluids^ 
and  insoluble  or  coagulated,  when  heated  to  158^ 

Uncoagulated  albumen  may  be  prepared  by  evaporating  the 
clear  serum  of  blood,  or  white  of  egg,  by  a  heat  of  12(y>,  till  it 
dries  up  and  forms  a  yellowish  transparent  brittle  mass,  like  gum. 
This  is  reduced  to  powder,  and  washed  successively  with  ether 
and  alcohol,  which  dissolve  out  the  fat,  salts  and  other  foreign 
matters  in  the  serum  or  white  of  egg. 

Dry  albumen  first  swells  up  in  water,  then  forms  with  it  a 
glairy  colourless  fluid,  which  is  nearly  tasteless.  At  140°  the 
dry  albumen  begins  to  lose  its  transparency,  and  at  142®  it 
changes  into  a  white  coherent  mass,  in  which  the  albumen  has 
passed  into  the  insoluble  condition.  When  dissolved  in  water 
it  coagulates  at  158® ;  a  very  dilute  solution,  however  does  not 
become  turbid  till  it  is  boiled.  Albumen  is  thrown  down  from 
solution,  in  a  coagulated  state,  by  alcohol,  creosote,  by  acids 
particularly  nitric  acid ;  by  metaphosphoric  acid,  but  not  by 
the  other  hydrates  of  phosphoric  acid,  nor  by  acetic  acid.  The 
precipitates  with  acids  are  definite  compounds  of  albumen  with 
the  latter.  Coagulated  albumen  also  forms  compounds  with 
acids,  which  are  insoluble  in  an  excess  of  the  acid,  but  are 
soluble  in  water.  Dilute  hydrochloric  acid  precipitates  albumen, 
the  concentrated  acid  when  heated  dissolves  the  coagulum,  of 
a  lilac  and  then  of  a  deep  blue  colour,  as  it  also  dissolves  fibrin 
and  casein.  Albumen  is  precipitated  from  its  soluble  com- 
pounds with  acids,  by  the  ferrocyaiiide  of  potassium.  Coagu- 
lated albumen  dissolves  in  caustic  alkalies  and  neutralises 
them ;  the  solutions  are  precipitated  by  soluble  metallic  salts, 
and  insoluble  albuminates  of  the  metals  formed. 

A  solution  of  albumen  in  water  is  precipitated  by  acetate  of 


1024 


VIBRIN. 


lead,  and  many  other  metallic  solutions,  InsoluMe 
are  formed,  one  of  which  is  of  considerable  interest, 
cldoride  of  mercury  ;  as  albumen  is  had  reeoars*  to  as  an 
dote  to  corrosive  sublimate,  the  white  of  otie  ^g  pnsdplt 
about  four  grains  of  that  salt.  To  form  the  aiiumdmmie  ^feU^ 
ride  of  mercury^  a  solution  of  corrosive  sublimate  is 
excess  to  a  solution  of  albumen,  and  the  white  flaky  precif 
is  collected  on  a  filter  and  washed.  It  is  slightly  soluble  in 
water,  resembles  the  curd  of  milk  and  Ls  insipid  ;  it  disaotro 
in  a  solution  of  common  salt.  Lassaigne  finds  that  vheo 
heated  it  coagulates ;  the  albumen  appearing  to  abaiulem 
chloride  of  mercury,  at  the  same  time,  which  may 
be  dissolved  out  by  ether*  It  consists,  when  dried^ 
to  the  same  chemist,  of  9:^A  parts  of  albumen  and  G.6  parts 
of  chloride  of  mercury,  in  100  parts.  Chloride  of  mcimry 
forms  a  similar  compound  with  fresh  fibrin.  The  aolatifl 
albumen  is  also  precipitated  by  an  infusion  of  nutgaOs. 

Soluble  albumen  dissolves  phosphate  of  lime,  a  salt,  of  i 
about  2  per  cent  may  be  separated  from  coagulated 
by  dilute  hydrochloric  acid.  Metallic  silver  is  blackeoied  hj 
albumen,  which  always  contains  sulphur,  whether  tlie  albumen 
is  soluble  as  in  the  egg  and  bloody  or  insoluble  as  in  Al 
hdr. 

FIBRIX* 


This  prindpte  is  contained  by  the  living  blood  in  a  solable 
slate^  but  soon  coagulates  when  withdrawn  from  tbe  Uood 
TGSIkIs*  It  forms  the  clot  of  coagulated  blood,  and  constituttf 
fibre.  It  IS  obtained  in  threads  on  sttrring  nevtr 
blood  witb  a  stick ;  or  by  pressing  the  ixiagulum  in  i 
■mall  stream  of  water,  till  it  becomes  colourless  and  con»ist»  of 
«aft  fibres.  It  is  purified  by  washing  it  with  ethrr.  i 
anhydnous  alcohol  which  dissolves  out  fat. 

Fibrin  aflects  a  remarkable  kind  of  aggreg: 
of  which  it  i%  composed,  attaching  them&eh  r> 
their  eiids^  so  as  to  form  threads  or  fibres.     In  the  liumid  sWe 
It  possetses  the  characteristic    softness   and  tf*  of  liie 

flesli  of  anioials,  and  contaijis  about  lliree-fouh  i 
of  water.     It  may  be  depri^^d  of  this  water  tit  dry  air. 
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then  becomes  a  hard  and  brittle  substance ;  but,  like  flesh,  it 
imbibes  water  a^in  when  moistened,  and  recovers  its  original 
softness  and  elasticity.  It  always  leaves,  like  albumen,  when 
burned,  a  portion  of  phosphate  of  lime. 

Fibrin  is  insoluble  in  alcohol,  ether  and  water.     When  boiled 

for  a  long  time  in  water,  particularly  under  pressure,  its  nature 

is  altered  and  it  becomes  soluble.     Coagulated  albumen  com« 

porta  itself  in  the  same  way.     Fibrin  forms  compounds  with 

both  acids  and  bases.     In  concentrated  acetic  acid  it  swells  up 

and  forms  a  transparent  colourless  jelly,  which  dissolves  in  a 

..«nsiderable  quantity  of  boiling  water.    This  solution  is  pre- 

^  cipitated  by  ferrocyanide  of  potassium.     In  other  concentrated 

,  9eids  fibrin  undergoes  a  similar  change.     Fibrin  dissolves  in 

caustic  alkalies   and   neutralises   them.     It  is   separated  from 

.  ihem  by  acids^  and  precipitated. 

,  The  fibrin  of  venous  blood  may  be  entirely  dissolved  in  a 
solution  of  nitrate  of  potash,  although  not  without  rubbing  in  a 
mortar  and  digestion  in  the  cold  for  some  time.  The  solution 
is  coagulated  by  heat,  and  greatly  resembles  a  solution  of 
albumen,  (Berzelius,  Scherer).  This  solubility  in  nitre  is  not 
possessed  by  fibrin  from  the  following  sources :  arterial  blood, 
the  "  bufFy  coat,"  and  that  obtained  by  stirring  blood,  nor  by 
fibrin  after  exposure  for  some  time  to  the  air,  or  fibrin  boiled  in 
water  for  a  few  minutes,  or  digested  in  alcohol.  M.  Scherer 
observes  that,  when  in  the  soluble  condition,  fibrin  is  a  highly 
alterable  substance,  absorbing  oxygen  readily  and  emitting 
carbonic  acid  ;  but  after  being  boiled  for  a  few  minutes  it 
produces  no  carbonic  acid  in  an  atmosphere  of  oxygen  gas. 
He  concludes  that  fibrin,  although  always  insoluble  in  pure 
-water,  has  still  an  uncoagidated  and  coagulated  condition,  like 
albumen ;  that  it  is  uncoagulated  in  the  clot  of  venous  blood, 
and  when  soluble  in  a  solution  of  nitre ;  but  coagulated  as  it 
exists  in  arterial  blood,  from  the  absorption,  he  supposes,  of 
oxygen,  and  after  being  boiled  for  a  few  minutes,  or  treated 
with  alcohol.  The  decomposition  of  peroxide  of  hydrogen,  with 
evolution  of  oxygen  gas  is  occasioned,  he  finds,  by  fresh  fibrin 
from  all  kinds  of  blood,  but  not  by  boiled  fibrin  ;  nor  is  the 
decomposition  produced,  it  will  be  rememi)ered,  by  coagulated 
albumen.  A  solution  of  venous  fibrin  in  nitre,  contained  in  a 
deep  cylindrical  jar,  allows  a  ])recipitate  in  fine  flocks  to  fall, 

2  X  X 


PROTEIN.  1027 

patible  with  the  analytical  results.    It  gives  the  composition  of 
protein,  per  cent. 

Carbon 55.742 

Hydrogen 6.827 

Nitrogen 16.143 

Oxygen          .         .         .         .         .         .  21.288 


100.000. 


M.  Dumas  represents  the  composition  of  protein  differently, 
I  am  not  aware  upon  what  authority,  assigning  to  it  more 
oxygen,  than  Mulder  and  Liebig.  "  His  formula  is 
C48H35NgOi7 ;  which  is  48  atoms  of  carbon  with  the  elements 
of  6  atoms  of  ammonia  and  of  17  atoms  of  water.  The  com- 
bustion of  protein  and  all  its  compounds  is  effected  with 
difficulty  in  the  combustion  tube ;  to  bum  the  carbon  com- 
pletely, M.  Scherer  found  it  quite  necessary  to  mix  chlorate 
of  potash  with  the  oxide  of  copper,  or  to  bum  with  chromate  of 
lead. 

Protein  combines  with  both  acids  and  bases,  and  is  soluble 
in  all  acids  when  highly  diluted.  In  combining  with  acids  it 
forms  new  compound  acids ;  with  sulphuric  acid  sulpho-proieic 
aeidy  Pr+SO,.  It  combines  also  with  2HC1.  Chloroproteic 
acu^  Pr+ClOs,  is  formed  on  passing  chlorine  gas  through  a 
solution  of  albumen,  and  precipitates  in  white  flocks.  The 
same  compound  is  formed  by  the  action  of  chlorine  on  ammo- 
niacal  solutions  of  casein  and  fibrin  (Mulder). 

Xanthoproteic  acid,  2110  +  0^11^^^12  (Mulder),  is  formed 
when  albumen,  or  any  other  protein>compound  is  digested  in 
nitric  acid.  The  albumen,  &c.,  dissolve  of  a  yellow  colour,  with 
,  escape  of  nitrogen  gas,  and  the  formation  of  oxalic  acid  and 
ammonia.  Two  atoms  of  protein,  1  of  water,  and  2  of  nitric 
acid,  yielding  3  of  oxalic  acid,  2  of  ammonia  and  I  of  hydrated 
xanthoproteic  acid  as  represented  above.  After  being  washed 
with  boiling  water,  this  acid  forms  a  tasteless  orange-yellow 
powder,  which  combines  equally  well  with  acids  as  with  bases- 
The  salts  containing  the  last  dissolve  in  water  of  a  dark  red 
colour. 

Leucin^  CiaHj^NO^,  a  substance  discovered  by  Braconnot. 
When  boiled  with  caustic  alkali  in  excess,  protein  or  any  pro- 
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tein-compound  is  completely  decomposed,  and  ammonia, 
carbonic  acid^  formic  acid,  and  three  azotised  bodies,  are  formed: 
leucin,  protid  and  erythroprotid.  The  alkaline  solution  is  dcu- 
tralised  with  sulphuric  acid,  poured  off  from  the  sulphate  of 
potash  which  precipitates,  evaporated  to  dryness,  and  the  mass 
boiled  with  alcohol.  Erythroprotid^  is  first  deposited,  as  a 
reddish  brown  extractiform  mass.  This  substance,  as  it  exists 
in  combination  with  oxide  of  lead,  is  expressed  by  CjjHgNOj, 
Later,  the  leucln  separates  in  a  crystalline  state.  Protidy 
CijHgNO^,  which  is  a  yellowish  uncrystallizable  brittle  sub- 
stance, remains  in  solution,  with  formiate  of  potash.  The 
leucin  crystallizes  in  brilliant  plates,  like  cholesterin,  is  inodor- 
ous and  tasteless,  and  sublimes  unchanged  at  338^*  It  is  bat 
slightly  soluble  in  water,  and  still  less  soluble  in  alcohol.  It  is 
not  decomposed  by  alkalies*  It  combines  with  1  atom  of  the 
protohydrate  of  nitric  acid,  and  becomes  nitroleucic  acidy  whidi 
forms  crystalline  salts  containing  1  atom  of  base,  without  losing 
its  leucin.  The  same  substance  is  also  formed  by  the  digestion 
of  a  protein-compound  in  sidphuric  acid, 

CASEIN. 

The  curd  or  coagulable  portion  of  milk  has  been  named 
casein  and  also  caseum;  it  is  a  principle  having  considerable 
analogy  to  albumen,  coagulable  by  rennet  but  not  by  a  boiling 
temperature.  Sweet  milk  contains  its  whole  casein  in  solution, 
with  globules  of  fat  in  a  state  of  suspension,  which  last  rise  to 
the  surface  in  the  form  of  cream,  or  are  separated,  by  agitation 
of  the  milk,  in  the  form  of  butter.  The  milk  contains  also  in 
solution  a  considerable  quantity  of  lactine  or  sugar  of  milk 
(page  7^5),  to  which  the  casein  stands  in  the  relation  of  a  fer- 
ment. The  latter  soon  begins,  probably  after  being  aflFected 
like  other  ferments  by  the  air,  to  convert  the  lactine  into  lactic 
acid  (page  809).  Milk  thus  spontaneously  becomes  sour  in 
open  vessels,  and  its  casein  is  at  the  same  time  coagulated  by 
combining  with  lactic  acid  (Fremy). 

Casein  combines  with  other  acids,  besides  the  lactic,  and  is 
best  prepared  according  to  Braconnot,  by  adding  dilute  sulphuric 
acid  to  skimmed  milk ;  a  white  coagulum  is  formed,  the  sulphate 
of  casein  insoluble  in  water,  which  may  be  collected  and  washed 
upon  a  filter.     It  is  afterwards  digested  with  carbonate  of  lead. 
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which  abstracts  the  sulphuric  acid,  and  the  casein  becoming 
firee  is  dissolved  by  the  water.  The  solution  of  casein  is  eva- 
porated to  dryness,  the  dry  matter  reduced  to  powder  and 
digested  in  boiling  ether,  to  dissolve  out  fat;  the  residue  of 
casein  is  afterwards  dissolved  again  in  water,  and  precipitated 
by  the  addition  of  alcohol,  to  separate  it  from  other  matters. 

When  dry,  casein  is  yellowish  like  gum,  insipid,  and  does  not 
dissolve  again  readily  in  water.  Its  solution  is  also  yellowish 
and  somewhat  viscid,  and  smells  like  boiled  milk;  left  to 
itself  it  putrifies  and  smells  like  old  cheese.  It  comports 
itself  with  reagents  very  like  albumen  ;  it  is  precipitated  by 
acids,  even  by  acetic  acid  which  does  not  affect  albumen.  The 
precipitates  formed  are  soluble  in  an  excess  of  their  acid,  and 
also,  it  is  said,  in  alcohol.  Like  albumen,  casein  exists  both  in  a 
liquid  and  solid  form.  Its  coagulation  is  effected  by  rennet^  the 
inner  coat  of  the  calfs  stomach,  after  it  is  well  washed  in  hot 
water.  Skimmed  milk  placed  in  contact  with  a  small  portion  of 
this  membrane,  or  mixed  with  an  infusion  of  it,  and  heated 
to  90®  or  100%  is  thickened,  and  coagulates  so  completely  that 
not  a  trace  of  the  casein  remains  dissolved  in  the  whey.  This 
action  of  rennet  is  that  of  the  pepsin  it  contains,  but  how  the 
latter  operates  is  unknown.  Berzelius  observed  that  1  part 
of  the  membrane,  washed  and  dried^  placed  in  1800  parts 
of  skimmed  milk  gradually  heated  up  to  122%  occasioned 
complete  coagulation.  The  membrane  taken  out  afterwards, 
washed  and  dried,  was  found  to  have  lost  6  per  cent  of  its 
weight.  The  coagulum,  mixed  with  the  fat  or  butter,  in  sweet 
milk,  strongly  compressed  and  dried,  forms  cheese.  The  fat 
may  be  dissolved  out  of  the  latter  by  ether. 

Coagulated  casein  is  insoluble  or  only  very  sparingly  soluble 
igi  water.  It  dissolves  easily  in  dilute  warm  vinegar  and 
alkalies.  Casein  always  leaves  behind  it,  on  incineration,  a 
portion  of  phosphate  of  lime,  which  milk  contains  in  consider- 
able quantity.  Casein  contains  a  little  sulphur  but  no  phos- 
phorus, in  chemical  combination.  It  belongs  to  the  class  of 
protein  compounds,  and  may  be  considered  a  combination  of 
10  atoms  of  protein  with  I  atom  of  sulphur.  Its  identity  with 
v^etable  legumin  (page  912)  has  already  been  more  than  once 
adverted  to. 

When  milk  is  heated  in  an  open  vessel,  it  soon  becomes 
covered  by  a  pellicle  composed  of  insoluble  matter.     M.  Scherer 
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Wasmann,  who  first  succeeded  in  isolating  it ;  his  observations 
were  made  upon  th^  mucous  membrane  of  the  stomach  of  the 
pig,  which  greatly  resembles  that  of  man.*  The  organ  which 
secretes  the  gastric  juice  consists  of  glands  of  a  particular 
nature  contained  in  the  mucous  membrane  of  a  portion  of 
the  stomach.  When  this  membrane  is  digested  in  a  large 
quantity  of  water  at  from  86**  to  95**,  without  being  cut  into 
pieces^  but  after  being  well  washed,  water  extracts  from  it  a 
variety  of  matters  besides  pepsin ;  but  if  this  water  be  removed 
and  fresh  water  added  and  the  digestion  continued  in  the  cold, 
nothing  almost  dissolves  now  except  pepsin.  The  operation 
may  be  continued  with  new  portions  of  water  till  the  membrane 
enters  into  putrefaction ;  water  extracts  pepsin  at  every  repe- 
tition till  at  last  nothing  remains  but  a  tissue^  from  which 
hydrochloric  acid  takes  up  no  matter  capable  of  dissolving  hard- 
boiled  albumen. 

The  solution  of  pepsin,  thus  obtained  from  the  glandular 
membrane,  is  colourless,  somewhat  viscid,  and  is  capable,  if  ren- 
dered acid  by  hydrochloric  acid,  of  dissolving  solid  albumen  very 
rapidly.  It  contains  besides  pepsin  a  little  albumen,  which  can 
be  separated  from  the  acid  solution  by  ferrocyanide  of  potassium, 
a  salt  which  does  not  precipitate  pepsin,  or  by  heating  the 
solution,  if  not  very  dilute,  to  170®,  or  to  212**  without  boiling ; 
the  coagulated  albumen  is  then  deposited  in  flocks,  with  a 
little  modified  casein.  The  filtered  liquid  is  no  longer  viscid, 
but  preserves  the  property  of  dissolving  solid  albumen  with 
the  aid  of  a  little  hydrochloric  add.  When  boiled  it  becomes 
turbid  again,  and  loses  entirely  the  power  to  dissolve  the 
albumen.  For  when  the  coagulated  flocks  are  dissolved  in 
acetic  acid,  they  exert  no  solvent  action  on  hard  white  of  egg, 
^even  with  the  concurrence  of  hydrochloric  acid ;  the  solution 
of  coagulated  pepsin  in  acetic  acid  is  not  precipitated  by  ferro- 
cyanide of  potassium. 

Pepsin  thus  appears  to  be  a  substance  sparingly  soluble  in 
water.  When  its  solution  is  evaporated  to  dryness,  there 
remains  a  brown,  greyish,  viscid  mass  with  the  odour  of  glue 
and  having  the  appearance  of  an  extract.  The  solution  of  the 
latter  in  water  is  turbid,  and  still  possesses  a  portion  of  the 
characteristic  power  of  pepsin,  but  greatiy  reduced.  On  adding 
•  Pbarmsc.  centr.  Blatt.  1839.  p.  349,  353. 


PEPSIN.  1033 

is  left  undissolved^  like  the  acetate  of  pepsin.     It  possesses 
properties  analagous  to  those  of  the  acetate,  and  its  solution  in 
water  dissolves  coagulated  albumen  very  rapidly.    The  alcoholic 
liquor  above  possesses  no  solvent  power ;  when  evaporated  to 
dryness  it  leaves  a  residue  which  resembles  an  extract  of  meat. 
In  regard  to  the  solvent  power  of  pepsin  for  coagulated 
albumen,  it  was  observed  by  M.  Wasmann  that  a  liquid  which 
contains  1 .7  thousand  parts  of  acetate  of  pepsin  and  6  drops  of 
hydrochloric  acid  per  ounce,  possesses  a  very  sensible  solvent 
power,  so  that  it  will  dissolve  a  thin  slice  of  coagulated  albumen 
in  the   course  of  6  or  8  hours*  digestion.     With  12  drops  of 
hydrochloric  acid  per  ounce  the  white  of  egg  is  dissolved  in  2 
hours.     A.  hquid  which  contains  ^   grain  of  acetate  of  pepsin 
and  to  which  hydrochloric  acid  and  white  of  egg  are  alternately 
added,  so  long  as  the  latter  dissolves^  is  capable  of  dissolving 
210  grains  of  coagulated  white  of  egg  at  a  temperature  between 
95^  and  104®     It  would  appear,  from  such  experiments,  that  the 
hydrochloric  acid  is  the  true  solvent,  and  that  the  action  of  the 
pepsin  is  limited  to  that  of  disposing  the  white  of  egg  to  dissolve 
in  hydrochloric  acid.     The  acid  when  alone  dissolves  white  of 
egg,  by  ebullition,  as  it  does  under  the  influence  of  pepsin ;  from 
which  it  follows  that  pepsin  replaces  the  effect  of  a  high  tem- 
perature which  is  not  possible  in  the  stomach.     The  same  acid 
with  pepsin  dissolved  blood,  fibrin,  meat  and  cheese,  while  the 
isolated  acid  dissolved  only  an  insignificant  quantity,  at  the  same 
temperature ;  but  when  raised  to  the  boiling  point  it  dissolved 
nearly  as  much,  and  the  part  dissolved  appeared  to  be  of  the 
same  nature,    llic  epidermis,  horn,  the  elastic  tissue  (such  as  the 
fibrous  membrane  of  the  arteries)  do  not  dissolve  in  a  dilute 
acid  containing  pepsin. 

M.  Wasmann  has  remarked  that  the  pepsin  of  the  stomach 
of  the  pig  is  entirely  destitute  of  the  power  to  coagulate  milk, 
although  the  pepsin  of  the  stomach  of  the  calf  possesses  it  in 
a  very  high  degree,  from  which  he  is  led  to  suppose  that  the 
power  of  the  latter  depends  upon  a  particular  modification  of 
pepsin^  or  perhaps  upon  another  substance  accompanying  it, 
which  ceases  to  be  formed  when  the  young  animal  ceases  to  be 
nourished  by  the  milk  of  its  mother. 

HKMATOSIN. 

ITie  blood  so  long  as  it  flows  in  the  veins  consists  of  a  clear 
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mass  afterwards  diluted  with  distilled  water^  and  allowed  to 
settle.  The  liquid  above  was  perfectly  clear  and  colourless, 
and  contained  sulphate  of  iron.  The  insoluble  blood-mass  was 
washed  on  a  filter  with  water,  so  long  as  the  washings  con- 
tained iron.  Boiled  afterwards  in  alcohol^  the  mass  coloured 
tbe  spirit  intensely  red.  On  neutralising  the  sulphate  of  the 
colouring  matter,  the  compound  in  solution,  with  ammonia^ 
much  albumen  fell,  which  was  dried  and  ignited ;  it  left  a  white 
ash,  in  which  not  a  trace  of  iron  could  be  detected.  The  blood 
red  solution  in  alcohol  therefore  contained  no  iron. 

GLOBUUN. 

This  substance  is  the  principal  constituent  of  the  blood  glo- 
bules ;  it  is  a  protein  compound  and  closely  allied  to  albumen. 
But  it  has  not  been  isolated,  and  little  is  known  respecting  it. 
The  sulphate  of  globulin  which  remains  behind  in  the  prepara- 
tion of  hematosin,  described  above,  consists  of  4  atoms  of  pro- 
tein, united  with  1  atom  of  sulphuric  acid.  The  nature  of  the 
matter  forming  the  clear  nucleus  of  the  globules  is  still  less  under- 
stood, but  it  appears  more  like  coagulated  fibrin  than  anything 
else. 

The  matter  of  the  blood  globules,  or  the  globulin  and  hema- 
tosin together,  may  be  obtained  by  mixing  blood  freed  from 
fibrin,  with  a  solution  of  sulphate  of  soda,  in  which  the  matter 
of  the  globules  is  insoluble  and  precipitates ;  or  by  draining  the 
serum  out  of  the  clot  of  blood  cut  into  thin  slices,  upon  folds  of 
blotting  paper,  and  afterwards  mixing  the  clot  with  water,  in 
which  the  matter  of  the  blood  globules  dissolves  of  a  brown-red 
colour  and  transparent.  It  is  soluble  in  pure  water,  insoluble 
in  serum.  When  its  solution  is  mixed  with  salts  of  an  alkaline 
base  or  with  sugar,  and  exposed  to  air,  it  becomes  of  a  lively 
red.  The  solution  of  the  matter  of  the  blood  globules  may  be 
evaporated  at  1 22®  without  losing  its  solubility ;  but  when  heated 
it  coagulates,  before  its  temperature  rises  to  181®,  and  precipi- 
tates insoluble.  Both  in  its  coagulated  and  soluble  state  the 
matter  of  the  blood  globules  exhibits  similar  effects  with  reagents 
as  albumen  in  the  same  conditions.  M.  Simon  has  lately  main- 
tained that  this  matter  is  composed  of  casein  and  hematosin, 
but  coagulation  by  heat  is  not  a  property  of  casein. 


i  i&itiBgiitihed  by  lis  ready  aolability  la  warn 
ad  fmwaly  df  fcmwmg  m  stiff  jelly  when  it  aoois*  Am  \ 
horn  iBfiercPt  naftemb,  gehim  Affen  coosidefably  in  vma&f*^ 
lis  TBcifityj  as  prcpaied  frooi  aldin,  is  inTefaely  as  tbeir  aoftncai 
andiesibffity*  Hie  most  adbesfeof  its  farms,  ^W^  is  prepued 
froflEi  the  dippings  of  liidesy  boofii  and  odier  redtae  of  the  tM» 
yard.  Tbe  soliiiaoii  is  boikdy  filtered  abore  120*^  and  aAer 
evapofatioii  pocB^  into  square  boxes  to  gebitiniy.e*  Tbe  jdly 
is  cut  into  aboes,  and  when  dried  in  tbe  air  upcm  anetliiig  ^ikxi 
tbe  fisrm  of  tbe  cakes  of  g^ne.  Glue  is  ^ssolTed  fee  use  by  s 
irater-batb  beat,  after  being  soAened  by  steeptt^  in  cold  waler« 
Sise^  which  is  lesa  tettaciotis  and  adbesiYe,  b  prepared  frooi 
psrrhment,  fish  skin  and  sereral  animal  membranes ;  in^bm 
from  tbe  entraUs  of  seTeral  species  of  Ush^  particularly  tbe  sCxov 
geoiL.  Tbe  latter  gelatin  gires  a  colourless  solution^  which  has 
no  disagreeable  taste  or  odour ;  it  forms  a  firm  jelly  oo  ooofing 
when  dissolyed  in  100  times  its  weight  of  water* 

Gelatin  is  insoluble  in  alcohol  and  ether.  When  burned  it 
ieares  behind  a  small  portion  of  bone-earth»  Its  solution  ta 
water  is  not  precipitated  by  alum,  by  neutral  protosulphate  of 
iron^  by  either  the  neutral  or  basic  acetate  of  lead  ;  all  ixT  whick 
precipitate  a  solution  of  the  chondrin  of  cartitage.  Geialin 
readily  soluble  in  diluted  acids  and  alkalies*     Its  solution 
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acetic  acid  is  very  gluey,  but  does  not  gelatinize.  Gelatin  is  not 
precipitated  by  corrosive  sublimate,  which  throws  down  al- 
bumen. 

Gelatin  forms  a  white  compound  with  tannic  acid,  tanno- 
gelaiin,  which  is  precipitated  by  a  strong  infusion  of  gall-nuts,  from 
a  solution  of  gelatin  in  5000  times  its  weight  of  water. 
The  white  flocks  adhere  to  each  on  stirring,  aud  form  a  soft, 
tenacious,  and  elastic  mass,  which  is  of  the  same  composition 
Tfith,  and  has  considerable  resemblance  to  leather.  The  sldns 
of  animals  are  tanned,  after  being  cleaned  and  deprived  of  the 
cuticle  and  hair  by  lime-water,  and  allowed  to  enter  into  a 
degree  of  putrefaction  to  soften  them,  by  submitting  them  to 
the  action  of  infusion  of  oak  bark,  or  other  astringent  vegetable 
matter,  the  strength  of  which  is  gradually  increased  until  a  com- 
plete combination  takes  place.  The  tannin  is  taken  up  by  the 
sldn,  of  which  the  weight  is  considerably  increased  by  this  treat- 
ment. In  the  tanning  of  thick  sole-leather  many  months' 
digestion  in  the  tan-pit  is  required,  but  the  process  has  of  late 
been  considerably  shortened  by  slightly  heating  the  infusion  of 
oak-bark  by  means  of  steam.  The  skin  is  greatly  altered  by  its 
combination  with  tannic  acid,  losing  its  solubility  in  boiling 
water,  and  becoming  nearly  indestructible  by  atmospheric  agen- 
cies ;  the  animal  matter  it  contains  is  no  longer  suitable  for  the 
preparation  of  prussiate  of  potash,  by  fusion  with  an  alkali. 

^'  Tawed  leather  is  made  by  impregnating  the  skin  duly  prepared 
by  washing  in  potash  liquor,  with  a  solution  of  alum  and  com- 
mon salt;  it  is  afterwards  trodden  in  a  mixture  of  yolk  of  eggs 
and  water.  The  alum  and  salt  re-act  on  each  other  so  as  to 
produce  sulphate  of  soda  and  chloride  of  aluminum ;  the  latter 
salt  combines  with  the  skin.  White  glove  leather  is  thus  pre- 
pared. 

"  fVaah  leather  is  another  important  manufacture;  in  this,  the 
skin,  after  being  prepared  and  softened,  is  imbued  with  oil,  and 
afterwards  subjected  to  a  weak  alkaline  solution. 

**  Curried  leather,  is  made  by  besmearing  the  skin,  or  leather, 
while  yet  moist,  with  common  oil,  which,  as  the  humidity 
evaporates,  penetrates  into  the  pores  of  the  skin,  giving  it  a 
peculiar  suppleness,  and  making  it  to  a  considerable  extent 
waterproof.  As  familiar  examples  of  these  processes,  the  thick 
sole  leather  for  shoes  and  boots  is  tanned ;  the  upper  leather  is 
tanned  and  curried ;  the  white  leather  for  gloves  is  tawed ;   and 
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(page  1027.)  and  gelatin  sugar.  To  separate  these  substances, 
the  alkaline  solution  is  saturated  with  sulphuric  acid,  after 
ammonia  ceases  to  escape,  evaporated  to  dryness,  and  the 
mass  boiled  with  alcohol  which  dissolves  out  the  leucin  and 
gelatin-sugar.  The  alcohol  being  distilled  off,  the  residue  is 
washed  with  small  quantities  of  cold  alcohol  at  a  time,  by  which 
the  very  soluble  leucin  is  taken  up.  The  residuary  gelatin-sugar 
may  then  be  dissolved  in  a  larger  quantity  of  boiling  alcohol, 
and  crystallizes  by  spontaneous  evaporation. 

Gelatin-sugar  or  glyc%coUyC^li*j^JO^-\-2^0y  crystallizes  in 
pretty  large  rhomboidal  prisms,  is  colourless,  inodorous,  and 
very  sweet.  It  fuses  at  352%  but  undergoes  decomposition ;  is 
soluble  in  4i  parts  of  water,  in  900  parts  of  spirits  of  wine,  and 
insoluble  in  ether.  The  solution  is  precipitated  by  no  metallic 
salt,  nor  by  tannic  acid.  But  glycicoll  combines  with  oxide  of 
lead,  when  digested  upon  it,  and  then  loses  two  atoms  of  water 
(Mulder). 

According  to  a  late  analyses  by  Boussingault,  who  does  not 
appear,  however,  to  have  been  aware  of  Mulder's  analyses,  the 
composition  of  glycicoll  is  C,g  H^g  N4  0^4;  of  its  compound 
with  oxide  of  silver,  C16H15N4O11+4  Ag  O.  (Ann.  de  Chim., 
&c.  3  ser.  p.  257). 

Glycicoll  dissolves  without  decomposition,  in  hot  nitric  acid ; 
it  forms  a  combination  with  that  acid,  CgHyNjOs  +  2NOfi  4- 
4 HO,  which  crystallizes  in  colourless  prisms,  and  forms  double 
salts  with  bases.  The  composition  of  the  double  salt  of  lime, 
which  does  not  deliquesce  in  air,  is  CaO,  CgH^N^Og-f  2  (CaO, 
NO,). 

CHONDRIN. 

This  variety  of  gelatin  is  derived  from  the  permanent  sartila- 
ges,  such  as  those  of  the  ribs,  joints,  wind  pipe  and  nose,  and 
cartilaginous  bones  before  ossification,  from  the  cornea  of  the 
eye,  and  also  according  to  Miiller,  from  bones  in  a  state  of  caries. 
Chondrin  is  slowly  dissolved  out  of  these  substances  by  boiling 
water. 

The  solution  of  this  substance  fixes  on  cooling,  like  *  that  of 
gelatin,  and  when  it  becomes  dry,  by  evaporation,  has  the  ap- 
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pearatice  of  soUd  glue.  But  it  is  not  precipitated  by  tannic  aod; 
on  the  other  hand  it  gives  precipitates  with  acetic  add,  alam^ 
acetate  of  lead  and  protosulphate  of  iron,  which  do  not  distoxba 
solution  of  gelatin,  Chondrin  leaves  behind  when  horned  abofe 
4  per  cent  of  bone  earth.  It  appears  bIso^  like  the  protein  coin* 
pounds^  to  contain  a  small  portion  of  sulphur  in  combioa- 
tion.  _ 

M.  Scherer  analysed  this  substance  in  its  natural  state,  liefij^H 
it  is  altered  by  boiling,  operating  upon  the  rib-cartilage  of  yoa^ 
calves  and  the  cornea.  The  cartilage  was  scraped  clean  by  a 
knife,  then  digested  in  water  containing  some  nitrate  of  potaaii 
in  solution,  to  dissolve  out  albumen,  and  aftem-ards  boded  ill 
alcohol  and  ether  for  the  extraction  of  fat.  Dried  at  2l2o^  k 
left  when  burned  6.(>  per  cent  of  earthy  ashes.  The  resullA  ot 
an  analysis  of  this  chondrin  and  also  of  that  of  the  coniea  were 
as  follows : 


From  rlb-earti1«f«. 

From  the  ttfFoe^ 

BfcdkiilMk 

Carbon. 

50.895 

49.522 

50.745 

Hydrogen. 

0.962 

7.097 

GSOi 

Nitrogen, 

14.908 

14.S99 

IAS92 

Oxygen. 

27.235 

28.985 

27.659 

100,000 


100,000 


100.000 


From  which,  M.  Scherer  deduces  the  foUawing  empyncsl 
formula  for  chondrin,  C4gH4^jN^O30.  Chondrin  thus  contiim 
the  elements  of  one  atom  of  protein,  with  4  atoms  of  wiler, 
and  2  atoms  of  oxygen. 

Middle  coat  of  the  arteries, — Tliis  is  a  highly  elastic 
brane,  of  a  yellowish  white  colour.  Purified  in  the  same  i 
ner  as  the  rib  cartilage,  and  dried  at  212%  it  left,  when  bamU 
1 .7  p^  cent  of  ashes.  Its  analysis  gave  a  result 'oonsideniblr 
different  from  that  of  chondrin,  namely  : 


t» 

n. 

Wft^emi^ 

Carbon. 

.     53.750 

5:*.393 

sum 

Hydrogen. 

.      7^079 

6.973 

6.i#G 

Nitrogen. 

.     13,360 

i5.seo 

15.G0 

Oxygen. 

.     23.S11 

24.274 

23.53 

J  00.000 


100.000 


lOO.OUU 


HORNY   MATTER.  1041 

The  matter  of  the  middle  coat  of  arteries  is  therefore  repre- 
sented by  C^gHggNgOig ;  which  is  equivalent  to  1  atom  of  pro- 
tein plus  2  atoms  of  water  (Scherer). 

Membranous  and  compact  homy  matter, — This  substance  is  a 
product  of  the  organism  not  subject  to  reabsorption,  and  differs 
in  that  respect  from  all  the  others  yet  considered. 

The  membranous  horny  matter  constitutes  the  epidermis,  in 
particular,  or  outer  skin,  and  also  the  epithelium  in  its  different 
modes  of  formation.  The  scaly  epithelium  which  forms  the 
inner  surface  of  the  blood  and  lymph  vessels,  the  inner  surface 
•eittk%r\y  mucous  and  serous  sacs,  &c.  The  columnar  epithelium 
which  forms  the  surface  of  the  intestinal  canal,  as  well  as  the 
surface  of  the  passages  from  most  glands.  The  ciliated  epithe- 
Uum  which  forms  the  surface  of  the  mucous  membrane  of  the 
organs  of  respiration,  &c. 

The  compact  horny  matter  constitutes  hair,  horn,  nails,  claws, 
&c. 

I.  M.  Scherer's  analysis  of  membranous  homy  mutter  was 
made  upon  the  epidermis  of  the  sole  of  the  foot.  It  was  first 
thoroughly  washed  with  water,  then  boiled  in  alcohol  and 
ether.  Dried  at  212",  and  then  burnt,  it  left  1  per  cent  of  earthy 
ashes.     Its  composition,  by  two  analyses,  was : 


Carbon. 

1 
51.03C 

2 

50.752 

Hydrogen. 

6.801 

6.7«i 

Nitrogen. 

17.225 

17.225 

Oxygen,  l 

Sulphur.  J 

24.938 

25.261 

100.000  100.000 

II.  Compact  homy  matter. — Hair  was  cut  into  small  pieces, 
well  washed  and  digested  in  water,  and  finally  boiled  in  alcohol 
and  in  ether.  Hair  of  the  beard,  thus  treated,  and  dried  at 
212%  left  0.72  per  cent  of  ashes,  when  burned  ;  hair  of  a  blond 
colour  from  the  head  gave  0.3  per  cent  of  ashes,  the  black  hair 
of  a  Mexican  gave  2  per  cent  of  ashes.  The  substance  of  nails 
after  similar  preparation,  gave  0.5  per  cent  of  ashes,  wool  2  per 
cent.  Horn  gave  0.7  per  cent  of  ashes.  Each  of  these  substan- 
ces was  several  times  analysed,  and  the  results  from  all  were 
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similar,  proving  that  they  csontain  the  same  principle*  Deduct* 
ing  the  ashesj  as  usual,  the  results  of  one  analysis  of  eaeh 
were : 


Carbon. 

Hydrogen,     • 
Nitrogen* 
Oxygen.     •  1 

Sulphur.     .  J 


50.652 

6,7^9 

17^036 

24.643 


100.000 


Horn. 

51.540 

6.799 
17*284 

24-397 


100.000 


Kail. 

5 1 .089 

6.824 

16.fK>l 

25.186 
100.000 


Wast. 

50.$5S 

17710 

24.G08 


1OO.O0O 


M.  Scherer  constructs  the  following  formula  to  express 
results  of  these  analyses,  and  to  exhibit  the  relation  in  composi- 
tion of  this  class  of  substances  to  protein;  compact  homy 
matter,  C^gHggN^Ojy.  This  contains  the  elements  of  protein 
plusj  1  atom  of  ammonia  and  S  atoms  of  ox)^gen, 

Horn^  hair,  wool  and  other  homy  substances  dissolre  in  the 
solution  of  caustic  alkali,  with  disengagement  of  ammonia^  and 
the  formation  of  some  acetic  acid.  When  the  alkaline  solution  is 
neutralised  by  acetic  acid,  effervescence  occurs  from  the  escape 
of  sulphuretted  hydrogen,  and  a  substance  falls,  soluble  iu  sa 
excess  of  acetic  acid,  which  possesses  the  properties  and  coaspcK 
sition  of  protein.  When  the  solution  is  precipitated  by  suooes* 
sive  additions  of  acetic  acid,  the  last  additions  give  a  yellowiah 
white  precipitate^  which 'is  different  from  the  first. 

Analyses  of  the  protein  from  hair  and  of  the  other  sul 
gave  the  following  results  : 

Protein  from  halt.    Otbtr  talntflAaee  fha 


Carbon. 

,j 

.     55.150 

53.5  J  6 

Hydrogen, 

. 

.       M97 

7.1*8 

Nitrogen. 

» 

.     15.727 

14.801 

Oxygen. 

• 

.     21.926 

24.515 

100.000 


100.000 


From  the  composition  of  the  latter^  it  is  supposed  to  be  tkt 
same  as  the  enveloping  membrane  of  the  albuiuen  and  innct 
coat  of  the  lining  membrane  of  the  egg. 

Feathers, — ^The  material  of  feathers  has  hitherto  been  sflf- 
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posed  to  be  of  the  same  nature  as  horn,  but  M.  Scherer  finds  the 
composition  of  the  former  to  be  different,  and  to  have  conside- 
rable analogy  to  the  second  substance  derived  from  hair  and 
homy  bodies,  as  appears  by  the  following  analysis  : 


Quilb. 

By  calculation. 

Carbon 

.     52.427 

52.457 

Hydrogen 

.       7.213 

6.958 

Nitrogen    . 

.     17.893 

17.719 

Oxygen 

.     22.467 

22.866 

100.000  100.000 

The  composition  is  calculated,  in  the  second  column,  from  the 
formula  C^gHggNyOje.  By  which  feathers  are  represented  as 
having  1  atom  of  oxygen  less  in  their  composition  than  horn. 

PtgmerUum  nigrum  of  the  eye. — This  matter,  carefully  re- 
moved by  M.  Scherer  from  the  choroid  by  means  of  a  hair 
pencil,  in  distilled  water,  was  strained  with  the  water  through 
linen,  to  separate  portions  of  membrane ;  the  liquid  with  the 
black  matter  in  suspension  was  then  evaporated  to  dryness,  and 
the  residue  boiled  in  alcohol  and  ether  to  purify  it.  It  contains 
considerably  more  carbon  than  any  of  the  preceding  substances, 
as  appears  by  the  following  analysis  : 


rigmeDtutn  nigrum. 

Carbon    . 

.     58.672 

Hydrogen 

.       5.962 

*  Nitrogen 

.     13.768 

Oxygen   . 

.     21.598 

100.000 

SECTION     IV. 
SECRETED  FLUIDS   SUBSERVIENT  TO  DIGESTION. 

Saliva. — ^This  liquid,  which  is  secreted  by  the  salivary  glands, 
contains  mucus  and  very  small  transparent  globules,  visible 
tinder  microscope.  It  leaves,  when  evaporated,  about  1  per 
cent  of  solid  matter,  consisting  of  mucus,  several  salts  of  pot- 
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ashy  of  which  chloride  of  potassium  is  the  most  considerable, 
and  a  peculiar  animal  substance^  which  is  named  salivary  nuUltr. 
The  latter  is  soluble  in  water,  not  coagulated  by  boding  nor 
precipitated  by  metallic  salts.  In  the  salivary  glands  and  ducts 
of  the  horse  and  ass,  concretions  are  sometimes  found,  which 
are  principally  composed  of  carbonate  and  a  little  phosphite  of 
lime.  The  saliva  of  man  and  the  sheep  generally  contains  a 
trace  of  sulphocyaiiide  of  potassium ;  the  saliva  of  the  sheep 
contains  also  so  much  carbonate  of  soda  as  to  eflFenresce  with  an 
acid. 

Gastric  Juice. — ^The  principal  constituent  of  this  fluid  is  the 
peculiar  principle,  pepsin  (page  1030).  When  collected  from 
the  stomach  during  fasting,  it  is  a  transparent  fluid,  of  asafine 
taste,  which  is  neutral,  but  during  the  process  of  digestion 
it  is  distinctly  acid  from  the  presence  of  hydrochloric  acid. 

Pancreatic  juice. — This  fluid,  secreted  in  the  pancreas,  is 
thrown  into  the  duodenum,  or  the  portion  of  the  small  intes- 
tines nearest  the  stomach,  where  it  mixes  with  the  paitiiHf 
digested  food  or  chymCy  as  the  latter  leaves  the  stomach.  It 
contains  albumen  in  solution  and  also  a  matter  like  casein;  its 
salts  are  nearly  the  same  as  those  of  the  saliva  ;  it  has  a  distinct 
acid  rc-action.  The  uses  of  this  fluid  in  digestion  are  un- 
known. 


BILE  AND  BILIARY  CONCRETIONS. 

Tlie  bile  which  is  contained  in  the  gall-bladder  is  conveyed  t':^ 
tlie  duodenum  and  added  to  the  chyme  in  digestion.  It  is  a 
greenish  yellow  fluid,  of  a  peculiar  sickening  odour,  and  taste 
which  is  at  first  sweet,  but  afterwards  bitter  and  exceedin^lv 
nauseous.  It  contains  a  great  variety  of  substances,  of  which 
the  most  peculiar,  which  are  all  in  a  state  of  true  solution,  are 
bilin,  fellinic  acid,  cholinic  acid  and  biUverdin,  according  to  the 
latest  examination  of  this  secretion,  by  Berzelius.  Besides  the 
acids  mentioned,  it  contains  oily  acids  combined  in  common 
with  the  others  with  soda,  and  several  other  fatty  bodies, 
together  with  cholesterin.  To  which  are  to  be  added  mucus, 
an  undetermined  animal  matter,  common  salt,  and  the  other 
usual  salts  of  animal  fluids.  The  separation  of  so  many  sub- 
stances is  extremely  difficult,  and  the  more  so  that  the  consti- 
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tuents  of  bile  are  remarkably  prone  to  assume  new  forms  under 
the  influence  of  re-agents. 

Bilifiy  the  principal  constituent  of  bile,  may  be  isolated  by  the 
following  processes,  (a)  The  bile  of  the  ox,  after  the  separation  of 
its  mucus,  is  mixed  with  a  little  acetic  acid,  then  Altered  and  pre- 
cipitated by  acetate  of  lead.  The  yellow  precipitate,  consisting 
of  a  combination  of  biliverdin,  oleic  and  margaric  acids  with 
oxide  of  lead,  is  filtered,  and  the  filtered  liquid  precipitated  by  a 
solution  of  the  basic  acetate  of  lead.  The  last  precipitate,  at 
first  white,  then  yellow  and  plaster-like,  contains  fellinic  acid  in 
combination  with  a  portion  of  the  bile.  Most  of  the  biliii 
remains  undissolved.  The  lead  in  the  same  solution  is  precipi- 
tated by  sulphuretted  hydrogen,  and  the  solution  remaining  of 
bilin  is  evaporated  carefully  to  dryness.  The  bilin  so  procured 
contains  acetate  of  soda,  and  is  likewise  somewhat  altered  by 
the  action  of  the  free  acetic  acid  during  the  evaporation.  It  is 
in  this  condition  that  bilin  has  been  distinguished  by  the  name 
of  btle-sugar  or  picromeL 

(b)  Ox-bile  is  evaporated  to  perfect  dryness  on  a  water-bath, 
reduced  to  powder  and  digested  with  anhydrous  ether,  which 
dissolves  out  all  the  fatty  bodies  not  in  combination  with  bases. 
The  mass  is  then  dissolved  in  alcohol,  by  which,  mucus,  common 
salt,  &c.  are  left  undissolved.  To  the  filtered  liquid  a  solution 
of  chloride  of  barium  is  added,  by  small  portions  at  a  time,  so 
long  as  a  dark  green  precipitate  is  formed.  The  last  contains 
the  biliverdin  or  colouring  principle.  The  liquid  filtered  from 
it  is  then  treated  with  barytes- water,  added  gradually,  so  long  as 
a  precipitate  falls.  The  colour  of  diflFerent  portions  of  the  pre- 
cipitate, as  they  are  successively  produced,  is  dark  grey,  soon 
becoming  green,  then  brownish  yellow,  and  at  last  yellow.  It 
contains,  besides  biliverdin,  an  orange-coloured  matter,  not  yet 
investigated,  and  margaric  acid. 

The  liquid  filtered  from  the  last  precipitate,  after  the  pre- 
cipitation of  the  free  barytes  it  contains  by  carbonic  acid,  is 
evaporated  to  dryness,  and  the  mass  dissolved  again  in  anhy- 
drous alcohol,  which  leaves  common  salt  and  chloride  of  barium 
undissolved.  Sulphuric  acid  mixed  with  an  equal  bulk  of  water, 
and  then  diluted  by  alcohol,  is  added  gradually  to  the  alcoholic 
solution  to  precipitate  the  bases  it  contains,  in  the  form  of  sul- 
phates.   The  Uquid  again  filtered  is  mixed  with  freshly  precipi- 
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tated  carbonate  of  lead,  for  the  purpose  of  combming  iti 
phuric  acid  and  oily  acids,  and  the  greater  proportion  of 
alcohol  then  distilled  oflF.  The  liquid  thus  concentratcii  is 
filtered  from  the  precipitate  of  lead  salts,  freed  from  lead  in 
solution  by  sulphuretted  hydrogen,  filtered  and  eraporalfid  lo 
drjTiess  in  ^  water-bath*  The  transparent,  yellow^  bitter  maw 
which  remains,  and  which  was  formerly  distinguished  by 
seUus  as  biliary  tnaiter^  is  composed  of  biHn  anil  f( 
acid. 

The  last  product  is  dissolved  in  water  and 
finely  pulverised  oxide  of  lead,  by  which  it  forms  a 
znijttQre  of  feilinate  and  cholinate  of  lead,  and  the  biltn  re- 
mains undissolved.  Tlie  filtered  solution  of  bilin  is  evapontod 
to  dryness  ;  and  to  separate  foreign  matters,  the  mass  ia  9$fiak 
dissolved  in  alcohol,  filtered  and  evaporated  to  dryness.  Wlial 
remains  is  bdin.  (Gnmdriss  der  Orgamschen  chemic  tou  Dr. 
F,  Wohler.) 

Bilin  is  a  translucent,  colourless,  inodorous  masa,  wiihoot 
crystallization,  having  a  bitter  and  at  the  same  time  soi 
sweetish  taste.  It  contains  nitrogen,  and  is  decom 
heat,  with  the  formation  of  ammoniacal  products*  Water  mA 
alcohol  dissolve  it  in  all  proportions ;  it  is  insolnUe  in  ether* 
Its  solution  in  water  is  not  precipitated  by  acida^  dikmiie  Ot 
metalhc  salts.  BUin  b  a  readily  alterable  substance;  by 
with  caustic  alkali,  it  is  decomposed  and  resolved  inio 
acid  and  ammonia.  It  is  decomposed  by  acids  into  fiva 
ferent  substances,  namely  ammonia,  taurin,  fellitiic  and 
acidsi,  and  dyslysin  |  a  decomposition  which  may  occcir  in 
bile  of  the  living  body. 

When  bilin  is  dissolved  and  digested  in  dilute   hyi 
acid,  an  oily  substance  presents  itself,  consisting  of 
combination  with   fellinic  and  cholinic  acids,  which  by 
digestion  changes  into  a  resin-like  mass,  insolable  in 
The  solution  then  contains  sal  ammoniac  and  taurin  $ 
resinous  mass  consists  of  fellinic  and  cholinic  adds  with  dyil 
The  two  former  may  be  dissolved  out  of  the  reaiiKMia  mas 
cold  alcohol. 

Dtfsi^fwiH  remains  undissolved  in  the  last  operatioii^  as  a 
like  mass.    It  dissolves,  although  with  some  diffictillyy  in 
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alcohol,  and  falls   again,  after  evaporation   and  cooling,  as  a 
white  earthy  mass.     It  has  not  been  further  investigated. 

Taurin,  C4HyNOio,  discovered  by  Demar9ay,  is  a  neutral 
substance  which  crystallizes  in  colourless  regular  six-sided 
prisms  terminated  by  four  or  six-sided  pyramids,  of  a  weak  taste  5 
and  is  fusible  by  heat  without  decomposition.  It  is  soluble  in 
fifteen  and  a  half  times  its  weight  of  water  at  53^*6  (12**  centig.); 
insoluble  in  absolute  alcohol.  It  is  dissolved  without  decom* 
position  by  concentrated  sulphuric  and  nitric  acids,  and  gives  no 
reactions  with  the  ordinary  reagents. 

Taurin  may  be  derived  directly  from  unprepared  bile,  when 
the  latter,  after  precipitation  of  its  mucus  by  hydrochloric  acid, 
is  boiled  for  a  long  time  with  an  excess  of  the  same  acid ;  the 
liquid  is  poured  oflF  from  the  precipitated  resinous  acids,  con- 
centrated by  evaporation,  mixed  with  alcohol  and  set  aside. 
The  taurin  crystallizes  out  mixed  with  common  salt;  the 
former  is  purified  by  solution  in  boiling  water  and  crystalliza- 
tion. Taurin  is  the  only  one  of  these  products  that  has  been 
analysed. 

Cholic  acid  may  be  prepared  directly  from  bile,  by  precipi- 
tating the  latter  with  acetate  of  lead,  boiling  the  filtered  solution 
with  caustic  potash,  so  long  as  ammonia  escapes,  and  then 
adding  acetic  acid.  The  cholic  acid  separates  in  large  white 
flocks,  which  soon  assume  a  crystalline  appearance. 

Cholic  acid  crystallizes  in  fine  needles,  which  when  pressed 
together  form  a  mass  of  a  silky  lustre,  of  which  the  taste  is  at 
once  sharp  and  sweet ;  it  is  fused  by  heat,  and  bums  like  a  fat. 
It  is  sparingly  soluble  in  water,  highly  soluble  in  alcohol.  It 
forms  salts,  with  alkalies,  of  a  sweet  taste. 

Fellmic  acid  is  contained,  with  bilin  and  cholinic  acid,  in  the 
plaster-like  lead  compound  formed  in  the  preparation  of  bilin, 
and  in  the  alcoholic  solution  of  the  resinous  mass  produced  by 
the  treatment  of  bilin  by  hydrochloric  acid.  Its  separation  from 
cholinic  acid  is  effected  by  saturating  the  last  mentioned  alco- 
holic solution  with  dilute  ammonia  and  concentrating  by  eva- 
poration :  the  cholinate  of  ammonia  is  then  deposited  as  a  hard 
mass,  while  the  fellinate  of  ammonia  remains  dissolved.  The 
addition  of  hydrochloric  acid  throws  down  ^he  fellinic  acid  in 
white  flocks. 
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After  being  washed  and  dried,  fellinic  acid  forms  a  w 
earthy,  inodorous  and  bitter  mass  which  fuses  without  decom* 
position  at  212".  In  boiling  water  it  undergoes  fusion  and 
dJBsolves  to  a  small  extent }  in  alcohol  it  dissolves  easiljf  and 
the  solution  has  tlie  bitter  taste  of  bilej  in  ether  it  is  also 
soluble.  Its  salts  of  alkaline  bases  are  soluble  both  in  water 
and  alcohol^  but  insoluble  in  an  excess  of  alkali,  and  then  pre- 
cipitated as  a  plastic  plaster-like  substance.  The  salts  of  lead 
and  barj^tes,  which  are  insoluble,  have  the  same  appearance.  It 
enters  into  combination  with  bilin,  and  forms  in  union  with  it 
a  compound  acid,  which  should  be  named  biUfellimc  acid, 

ChoVmic  acid  is  separated  from  its  salt  of  ammonia  lately 
mentioned,  by  hydrochloric  acid,  in  the  form  of  white  flockii 
and  becomes  by  aggregation,  on  drying,  an  easily  pulvensed 
mass.  It  is  readily  fused  by  the  heat  of  hot  water,  in  whidi  it 
is  wholly  insoluble  j  it  dissolves  easily  in  alcohol. 

BUiverdin  is  separated  from  its  compound  with  barytes,  mciir 
tioned  under  bilin,  by  digestion    in  dilute    hydrochloric  add 
which    dissolves    the  barytes.      The  residue    of    biliverdin  is 
purified  by  solution  in  alcohol  and  precipitation  from  the  latter 
by  water.     It  forms  a  brilliant,  greenish  brown  tasteless  inass^ 
insoluble  in  water,  dissolving  easily  in  an  alkali,  and  precipitated 
from  that  solution  in  green  Hocks  by  an  acid.     It   dissolvei  of 
a  fine  green  colour  in  hydrochloric  acid,  and  of  a  red  tint  in 
acetic  acid.     This  principle  of  bile  contains  no  nitrogen.     The 
biliverdin  of  tlie  bile  of  the  ox  appears  to  be  identical  with  th« 
chlorophyl  of  plants.     That  of  carnivorous  animals  is  different, 
although  it  may  contain  the  same  matter  in  combination  with 
another  substance,     Such  a  substance  appears  to  be  the  prin- 
cipal constituent  of  the  yellow  matter  forming  the  conrrctions^ 
Ibund  in  the  ox,  Mhich  from  the  beauty  and  permanence  of  its 
tint  is  much  prized  by  painters.     These  gall  stones  dissolve  to 
caustic  potash  of  a  greenish  brown  colour,  giving  a  solutioD 
which  wlien  over-saturated  with  nitric  acid,  becomes  first  grecn^ 
and  rapidly  in    succession    blue,  violet    and  red,  and  final!/ 
yellow. 

Cholesterm^  Cg^Hg^O. — ^This  is  a  crystalhsable  auhsttDCO 
which  may  be  dissolved  out  of  inspissated  bile,  by  ether ;  it  i* 
also  a  constituent  of  the  brain  and  nerves.  It  is  conlaiiiecl  la 
largest  proportion  by  the  gall  stones  of  the  human  sobjcet. 
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Mrhich  generally  consist  of  this  substance  combined  with  a 
portion  of  the  yellow  colouring  matter  of  the  bile.  Cholesterin 
may  be  obtained  by  digesting  these  concretions  in  a  solution 
of  potash^  by  which  the  colouring  matter  is  readily  dissolved, 
and  the  cholesterin  left  white ;  or  by  dissolving  them  in  boiling 
alcohol,  in  which  the  colouring  matter  is  insoluble. 

Cholesterin  crystallizes  from  an  alcoholic  solution  in  colourless 
small  plates,  of  a  pearly  lustre ;  is  insoluble  in  water,  tasteless, 
fuses  at  278**.6  (137°  centig.),  and  solidifies  again  in  a  crystalline 
condition.  If  strongly  heated  apart  from  air,  it  sublimes 
unchanged  in  a  great  measure,  and  condenses  in  plates.  It  is 
but  sparingly  soluble  in  cold  alcohol ;  is  not  altered  by  caustic 
alkalies. 

The  bile  appears  to  act  as  a  stimulus  to  the  intestinal  canal 
generally  and  to  assist  in  dividing  the  chyme  into  chyle  and 
fecal  matter,  by  combining  with  the  latter. 

Chyle. — ^This  is  the  fluid  absorbed  by  the  lacteal  vessels 
from  the  small  intestines  during  the  process  of  digestion.  As 
drawn  froth  the  thoracic  duct  of  a  mammiferous  animal,  it  is  an 
opaque  milky  liquid,  in  which  two  kinds  of  globules  are  per- 
ceived by  the  microscope.  This  liquid  has  already  a  consider- 
able resemblance  to  blood ;  it  soon  coagulates ;  the  clot  reddens 
in  the  air  and  contains  fibrin.  The  serum  which  separates  is 
composed,  with  the  usual  undetermined  animal  substances  and 
salts,  principally  of  albumen  and  fat,  which  last  comes  to  the 
surface,  and  is  what  constitutes,  without  doubt,  one  of  the  two 
species  of  chyle-globules. 

Excrements. — ^The  excrements  of  man  usually  contain  about 
25  per  cent  of  solid  matter,  which  necessarily  varies  consider- 
ably with  the  nature  of  his  food.  Besides  the  indigestible 
residue  of  the  food,  it  contains  mucus,  an  undetermined  ex- 
tractive matter,  fat,  salts  and  the  whole  constituents  of  the  bile, 
to  which  it  owes  its  colour.  From  the  incineration  of  100 
parts  of  dried  excrements,  15  parts  of  ashes  have  been  obtained, 
which  were  principally  composed  of  the  phosphates  of  lime 
and  magnesia.  The  value  of  night  soil  as  manure  is  ascribed 
chiefly  to  these  salts,  and  salts  of  ammonia  from  the  urine. 
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SECTION   : 

LIQUIDS  OF   SEROUS  AND   MUCOUS   Sd 

MATTER^ 

Lfjmph. — The  liquid  which  moistei 
membrane  is  called  lymph ;  it  is  ch 
a  sensible  quantity  of  common  salt  an 
concentrated  a  trace  of  alkali  sufficient 

The  liquid  secreted  by  serous  nq 
pericardium,  pleura  and  peritoneum 
contains  so  much  as  7  or  8  per  cent  ol 
is  distinctly  alkaline,  from  the  presei 
minate  of  soda.  The  liquor  amnios  a 
of  the  same  composition.  The  wat< 
addition  urea,  and  cholesterin  suspei 
these  liquids  become  turbid  or  coagul4 
the  addition  of  nitric  acid  to  them. 

Mucus, — ^This  is  the  liquid  secre 
such  as  the  nostrils.  The  mucus  i 
contains  about  y3  per  cent  of  water,  [ 
a  trace  of  albumen  and  the  usual  salt 
water,  but  imbibes  it  and  swells  up,  M 
as  if  it  were  dissolved.  It  shrinks  t 
acid,  and  is  not  dissolved.  When  dry 
in  caustic  alkali,  and  forms  a  thin 
nitrogen,  but  its  Qomposition  is  otherf 

Pus, — The  matter  secreted  by  aa 
surface  is  named  pus.  From  a  hea 
white  liquid,,  of  the  consistence  of  i 
round  opaque  globules  floating  in  a  ' 
insoluble  in  water,  but  may  be  diffusei 
the  globules  fall  as  a  yellow  seditni 
liquid  becomes  clear  and  colourless. 

Pus  contains  about  86  per  cent  of 
solid  matter,  it  is  coagulated  by  h" 
have  been  found,  by  analysis,  in  pus, 
several  fatty  bodies  besides  choles 
and  undetermined  extractive  matters 

The  matter  of  the  corpuscles  of 
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the  globulin  of  blood.  They  are  soluble  in  acetic  acid  with 
the  exception  of  an  exceedingly  minute  nucleus.  The  serum  of 
pus  contains  albumen  and  another  substance  in  larger  quantity, 
to  which  the  name  pyin  is  applied,  of  which  the  solution  in 
water  is  precipitated  by  alcohol,  tannin,  acetic  acid,  and  most 
completely  by  alum,  but  not  by  ferrocyanide  of  potassium ;  the 
precipitates  are  insoluble  in  an  excess  of  the  reagents. 

From  muciM  pus  is  distinguished  by  its  different  external 
characters,  by  the  different  form  and  smaller  size  of  its 
microscopic  corpuscles,  by  its  different  relations  to  water,  and 
particularly  by  its  becoming  with  caustic  alkali,  thick  slimy  and 
gelatinous,  and  in  acetic  acid  assuming  the  appearance  of  an 
emulsion,  while  mucus  becomes  thinner  with  an  alkali,  and 
with  acetic  acid  coagulates  as  a  flocky  matter  which  unites 
into  a  thready  mass. 


•      SECTION   VI. 
BLOOD,  MILK,  URINE. 

Blood. — ^The  constitution  of  the  blood  has  already  been  de- 
scribed under  the  principal  constituents  of  the  clot,  fibrin,  hema- 
tosin  and  globulin,  and  albumen  the  chief  constituent  of  the 
liquid  portion.  It  is  always  alkaline  from  a  salt  of  soda,  proba- 
bly the  carbonate. 

The  following  table  exhibits  the  results  of  two  careful  ana- 
lyses of  human  blood  by  M.  Lecanu.  (Ann.  de  Chim.  &c. 
xlviii.  308.) 

Human  blood. 

780.145  785.590 

2.100  3.565 

133.000  119.626 

65.090  69.415 

2.430  4.300 

1.310  2.270 

1.790         1.920 
1.265         2.010 


Water. 

Fibrin. 

Colouring  matter  (hematosin  and  globulin) 
Albumen. 

Crystalline  fatty  matter. 
Oily  matter. 

Extractive  matter  soluble  in  water  and  alco- 
hol. 
Albumen  combined  with  soda. 
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Chloride  of  sodium. 

* 
iron. 

1-         8.370 

2.100 
2.400 

Carbonates  1 

Phosphates  i  of  potash  and  soda. 

Sulphates     J 

Carbonates  of  lime  and  magnesia. 

Phosphates  of  hnie,  magnesia,    and 

Peroxide  of  iron. 

Loss.           .... 

7.30* 

I  AH 

2..5»6 

100.000     100*000 

Milk. — ^The  history  of  this  fluid  has  been  partly  given  uodcr 
its  characteristic  constituents  casein,  milk-sugar^  and  the  acids 
of  butter.  It  contains  from  10  to  13  per  cent  of  solid  matter, 
the  rest  is  water.  It  is  not  coagulated  by  heat,  but  readily  by 
all  sour  liquids  and  by  rennet.  When  heated,  a  skin  of  coagu- 
lated casein  forms  on  its  surface.  The  butter  of  milk  consists 
of  margarine,  olcine  and  butyrine  (page  954) • 

Milk  may  be  made  to  undergo  the  vinous  fermentation, 
although  very  slowly,  and  only  after  it  contains  lactic  acid ; 
which  acid  probably  converts  the  milk-sugar  into  grape-sugar 
before  the  fermentation  occurs. 

An  excellent  examination  has  been  made  by  MM,  O,  Henry  < 
and  A.  Chevallier,  of  tlie  comparative  composition  of  woman's 
milk,  the  milk  of  the  cow  and  ass,  of  which  I  subjoin  the  results, 
(Journal  de  Pharmacie  XXV.  333  et  401. 


ORDINARY  MILK. 

Woman. 

Ab4. 

Caw. 

Cheese. 

1.52 

1.82 

4AS 

Butter. 

3.55 

0.11 

3.13 

Sugar  of  milk. 

G.50 

6.08 

4.77 

Salts     (or    mucous 

matter). 

0.45 

0.34 

0.60 

Water. 

87.98 

91,65 

87.02 

100.00 


100.00 


100.00 


f/me.— This  fluid  is  secreted  by  tlie  kidneys  from  Uie  arte- 
rial blood.     The  average  density  of  healthy  human   urine  is 
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1.0125,  but  it  occasionally  rises  to  1.030;  it  is  acid  from  free 
lactic  acid.  On  standing  it  deposits  a  slimy  mucus,  and  after  a 
time,  when  stale,  becomes  alkaline  from  the  formation  of  carbo- 
nate of  ammonia.  The  latter  salt  is  produced  from  the  urea, 
which  is  accompanied  in  urine  by  a  minute  quantity  of  a  fer- 
menting principle,  whieh  occasions  this  transformation.  Urine 
in  its  usual  condition  contains  from  7  to  8  per  cent  of  solid 
matter,  the  rest  is  water.  Its  characteristic  constituents  are 
urea  (page  993)  and  uric  acid  (page  1002);  the  former  is  free 
or  in  combination  with  lactic  acid,  the  last  in  an  unknown 
combination. 

Besides  its  usual  saline  constituents,  the  urine  may  contain  in 
solution  various  bodies  drawn  by  the  kidneys  from  the  blood. 
Many  salts,  such  as  nitrate  of  potash,  ferrocyanide  of  potas- 
sium, pass  through  the  circulation  and  are  thrown  oflF  by  the 
urine  unaltered ;  so  also  are  the  organic  acids,  tartaric,  oxalic, 
&c.  when  free ;  but  the  salts  with  alkalies  of  the  same  acids  ap- 
pear in  the  state  of  carbonates,  and  render  the  urine  alka- 
line. 

M.  Lecanu  has  obtained  some  valuable  results  respecting  the 
proportions  of  these  substances  in  the  urine  of  man,  as  affected 
by  age  and  sex,  which  he  deduces  from  a  series  of  120  analyses 
of  urine. 

He  found  that  the  quantity  of  urea  passed  in  twenty-four 
hours,  is  in  grammes  (1  gramme  =  15.44  grains  troy)  : 


Minimum 

Mean 

Maximum 

By  men. 

23.155 

28.0525 

33.055 

By  women. 

.  9.926 

19.1165 

28.307 

By  old  men  (84  to  86  years). 

.  3.956 

8.1105 

19.116 

By  children  of  eight  years. 

10.478 

13.4710 

16.464 

By  children  of  four  years. 

.  3.710 

4.5050 

5.300 

The  quantity  of  uric  acid  discharged  is,  like  the  urea,  sensi- 
bly the  same  for  the  same  individual  in  equal  times,  but  varies 
much  in  different  individuals.  This  difference  was  found  to  be 
in  the  twenty- fours,  0.362  to  1.343  grammes  in  the  male  adults, 
0.229  to.0.652  in  the  old  men,  0.394  to  0.907  in  the  women,  and 
0.198  to  0.32  in  the  children.  (Joum.  de  Pharmacie,  XXV,  681 
et  746). 
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There  are  several  distinct  species  of  urinary  calculi. 

J.  Xanthic  oxidCy  a  very  rare  calculus,  discovered  by  Dr. 
Marcet.  It  has  a  light  brown  or  bright  brown  surface ;  its  frac- 
ture is  scaly,  with  a  brown  or  deep  flesh  colour,  and  becoming 
resinous  by  friction.  It  is  distinguished  by  being  entirdy 
soluble  in  caustic  potash,  and  precipitated  by  carbonic  acid. 
It  is  thrown  down  as  a  white  precipitate,  which  agglutinates 
in  drying,  and  forms  a  pale-yellow,  hard  mass,  which  acquires 
a  waxy  lustre  by  friction.  It  is  soluble  in  alkaline  carbo- 
nates ;  also  in  nitric  acid  without  effervescence.  Its  composition 
is  expressed  by  CgNjH^Oa. 

2.  Cystic  oxide^  a  rare  calculus,  discovered  by  Dr.  Wollas- 
ton.  It  appears,  when  broken,  to  form  a  yellowish-white, 
confused  crystalline  mass,  having  a  brilliant  waxy  lustre.  It 
is  distinguished  by  its  solubility-  in  caustic  potash,  ftora  which 
it  is  deposited  on  tlie  addition  of  acetic  acid,  in  hexagonal 
plates.  It  is  also  soluble  in  ammonia.  The  minei^  adds 
dissolve  cystic  oxide  with  ease,  and  form  crystalline  com- 
pounds  with   it.      The   compound   with  hydrochloric  acid  is 
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anhydrous,  and  contains  1  atom  of  cystic  oxide  and  of  the  acid. 
The  nitrate  contains  2  atoms  of  water,  one  of  which  it  loses 
at  105^.  The  solution  of  cystic  oxide  in  an  alkali  or  alkaline 
carbonate  is  decomposed  by  heat,  ammonia  first  coining  off,  and 
then  as  the  evaporation  proceeds,  a  combustible  gas,  which 
smells  like  sulphuret  of  carbon.  This  calculus  contains  sulphur, 
and  is  represented  by  CfiNHgO^S^  (Thaulow). 

3.  Oxalate  oflkne,  or  mulberry  calculus y  has  a  dark-coloured 
tuberculated  surface,  is  very  hard  and  compact,  rarely  large. 
It  is  easily  distinguished  by  the  circumstance  that  its  powder 
does  not  dissolve  in  acetic  acid ;  but  after  being  heated  on  a 
spatula  to  low  redness,  in  the  flame  of  a  spirit-lamp,  it  dis- 
solves readily  in  that  acid  with  effervescence,  the  oxalate  of 
lime  having  been  converted  into  carbonate.  The  composition 
of  crystallized  oxalate  of  lime  is  CaO,C203  +  2HO. 

4.  Bone-^arth  calculus ;  its  surface  is  pale  brown  and  quite 
smooth,  as  if  it  had  been  polished.  It  is  compact,  and 
when  sawed  through,  appears  very  regularly  laminated.  It  is 
distinguished  by  its  powder  dissolving  in  dilute  nitric  and 
hydrochloric  acid,  but  not  in  acetic  acid,  nor  in  solution  of 
caustic  potash.  It  appears  white  and  not  easily  fused  before 
the  blow-pipe.  The  composition  of  bone-earth  is  expressed  by 
8CaO,HO  +  3P05. 

2.  Ammoniaco-magnesum  phosphate  calculus  is  composed  of 
the  phosphate  of  magnesia  and  ammonia,  which  precipitates 
in  granular  crystals  when  phosphoric  acid  is  added  to  a  mixed 
solution  of  a  salt  of  magnesia  and  arpmonia  (page  508).  It  is 
white  and  less  compact  than  the  last,  and  sparking  crystals  of 
the  salt  are  often  perceptible  in  the  mass.  It  emits  ammonia 
when  heated  to  212%  is  dissolved  by  cold  acetic  acid  and  pre- 
cipitated again  on  neutralising  the  acid.  It  emits  ammonia 
when  digested  in  a  solution  of  potash,  but  does  not  dissolve. 
It  fuses  into  a  white  pearly  globule  by  strong  heat  of  the  blow 
pipe.  The  composition  of  crystallized  phosphate  of  magnesia 
and  ammonia  is  2MgO.NH40,P05-f  14HO. 

6.  The  fusible  calculus  is  a  mixture  of  th^  two  last,  is  com- 
mon in  old  and  exhausted  subjects,  and  often  attains  a  large 
size.  It  is  commonly  white,  rather  friable  and  chalky  ;  its 
fracture  rugged  and  uneven,  and  surface  dusty.     It  melts  easily 
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peculiar,  it  contains  8  proportions  of  lime  to  3  of  phosphoric 
acid,  or  SCaO+SPOg;  but  it  is  undoubtedly  a  compound  of  two 
tribasic  phosphates  of  lime,  namely,  2CaO,HO,P05  + 
2(3CaO,P05J  f  containing  1  atom  of  water  before  calcination* 
The  proportion  between  the  earth  and  cartilage  varies  in  dif- 
ferent bones;  the  human  scapula  has  been  found  to  contain  54^, 
the  temporal  bone  63^  per  cent  of  bone-earth.  Human  bones 
well  dried  are  said  to  contain  1 1  per  cent  of  carbonate  of  lime^ 
which  is  three  times  the  quantity  in  the  bones  of  the  ox.  Fluo- 
ride of  calcium  is  also  found  in  bones,  although  not  uniformly 
present  according  to  Dr.  Rees'  observations.  The  salt  in  ques- 
tion occurs  in  fossil  bones,  and  is  contained  in  considerable 
quantity  in  the  human  bones  found  in  Herculaneum.  In  weak 
or  ricketty  bones  the  proportion  of  bone  earth  has  been  found 
diminished  by  14  per  cent.  M.  Valentin  finds,  by  the  analysis 
of  morbid  osseous  formations,  that  the  callus  and  exostosis 
contain  more  carbonate  of  lime  than  the  sound  bone  upon  which 
they  form,  and  that,  on  the  contrary,  the  caries  contains  a  quan- 
tity of  carbonate  of  lime  smaller  by  several  per  cent  than  the 
sound  bone. 

The  teeth  are  composed  of  the  same  materials  as  bone,  but 
contain  less  cartilage ;  usually  about  64  per  cent  of  phosphate 
of  lime,  about  6  per  cent  of  carbonate  of  lime  with  carbonate  of 
magnesia,  and  28  per  cent  of  cartilage.  The  ivory  of  the  teeth 
contains  no  cartilage,  about  88  per  cent  of  phosphate  of  lime, 
with  some  fluoride  of  calcium,  and  10  per  cent  of  carbonate  of 
lime,  with  magnesia.  The  antlers  of  deer  have  the  same  compo- 
sition as  bone. 

Skin. — ^The  cuticle  or  epidermis  is  a  coating  of  homy  matter 
(page  1039),  without  blood-vessels.  The  mucous  membrane 
{rete  Malpighi),  between  the  cuticle  and  true  skin,  appears  to 
consist  of  the  matter  of  the  epidermis  not  yet  hardened.  The 
corium  or  true  skin  is  completely  decomposed  by  digestion  in 
boiling  water,  and  yields  a  solution  of  gelatin  (page  1036).  The 
composition  and  peculiar  characters  of  the  organic  matter  in 
fUiUf,  clawsy  hoofsy  hair,  wooly  and  feathers^  have  already  been 
described  (pages  1041, 1042).  All  these  substances  contain,  be- 
sides, fipom  i  to  2  per  cent  of  bone-earth. 

Human  penpiration  has  an  acid  re-action,  it  is  supposed  from 
acetic  acid,  but  from  its  observed  effects  upon  the  dyed  colours 
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Bram  and  nerve$. — ^The  substance  of  the  brain  has  been  ex- 
amined by  more  than  one  chemist^  but  most  recently  by  M. 
Fremy.  The  brain  of  man  contains  7  parts  of  albumen,  5  parts 
of  a  fatty  matter^  and  80  parts  of  water.  The  albuminous  por- 
tion,  after  being  coagulated  by  heat^  is  insoluble  in  water,  dco* 
hoi  and  ether.  The  fatty  matter  is  what  has  principally  occu- 
;]Nedl  attention ;  besides  portions  of  the  ordinary  fatty  substances, 
til  cohlains  two  peculiar  acids  and  cholesterin : 

!•  Cerebric  oci^f  which  when  purified  is  white,  and  presents  it- 
self in  crystalline  gprains.  It  dissolves  without  residue  in  boiling 
alcohol,  is  almost  insoluble  in  cold  ether,  more  soluble  in  boiling 
ether*  It  has  the  remarkable  property  of  swelling  up  like  starch 
in  boiling  water,  but  appears  to  be  insoluble  in  that  liquid.  It 
enters  into  fusion  at  a  high  temperature,  approaching  closely  that 
at  which  it  is  decomposed,  and  is  combustible.  It  contains  no 
ao^hur^  but  some  phosphorus.  The  result  of  its  analysis  by 
Fremy,  is  66.7  per  cent  of  carbon,  10.6  of  hydrogen,  2.Sof  nitro- 
gen, 0.9  of  phosphorus,  19.5  of  oxygen. 

2.  Oleqphosphorie  cund,  which  is  separated  from  the  former 
acid,  by  its  solubility  in  ether.  It  is  still  accompanied  by 
xitine  and  cholesterin,  which  are  withdrawn  from  it  by 
alcohol  and  ether.  This  acid  is  of  a  viscid  consistence, 
insoluble  in  cold  alcohol,  but  dissolving  easily  in  boiUng 
alcohol ;  it  is  insoluble  in  ether.  Placed  in  contact  with 
potash,  soda  and  ammonia,  it  immediately  gives  soapy  com- 
pounda.  It  forms  compounds  insoluble  in  water  with  other 
bases.  M.  Fremy  has  observed  a  remarkable  transformation  of 
oleophosphoric  acid.  When  boiled  for  a  long  time  in  water  or 
alcohol,  it  gradually  loses  its  viscidity  and  becomes  a  fluid  oil, 
which  is  pure  oleine;  while  the  liquor  contains  phosphoric  acid. 
This  decomposition  becomes  very  rapid,  when  the  liquor  is 
rendered  slightly  acid.  Although  M.  Fremy's  attempts  to  form 
this  acid  directly,  by  uniting  oleine  and  phosphoric  acid,  were 
unsuccessful,  he  still  deems  it  probable  that  this  acid  may 
consist  of  the  elements  in  question,  and  be  analogous  to  the 
compound  of  sulphuric  acid  and  oleine  or  sulpholeic  acid  (page 
968).  It  contains  from  1.9  to  2  per  cent  of  phosphorus,  in  the 
condition,  it  is  thus  represented,  of  phosphoric  acid. 

M.  Fremy  has  given  a  process  for  extracting  cholesterin  (page 
1048)  from  the  brain,  in  considerable  quantity. 
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IM :  I.  Cerebric  add  free  or  ciiplmed^inth  Boda,  or  wiA  pbot- 
pbate^Bme.    2.  Oleophbi^pnc  ami  ftee  and  ocMnbined  wA 

and margaric  adda^  y^.tSni^m^liekSm:.^^^^  and  an  albo- 

rainoiia  malter*     Theae  resyta  are  qaite  diffinent  firom  Aoie 

taon  appears  to  ha'iii  been  de$9diTO,:         vx-   .l^o^JT^'Pr 
JVeoiy  found  a^^ecmiodei^Ie  quuitity  of^eerdrndiauitfeeria' 
ihe  q^p4  mBnow^  and: very  appredaUe  quaiitittfta  of  ^~1&  oo- 
tainneiFei^  ,   .    ..    •.-  ,  ..^._       r;il.l 

I%eiejffi^-^Tbej9ed0rfifipg^y^  i&B^ok^^  Wf^j&B ^ffmm^hf 
JCMngboBiilg' wiN^  tRrater,  and  giyea  a  adi^n  o£geIatin|/4i4a  aid 
to  oontnin  no  :fibrii|.  11^  jora«a  fa  comp^i^  tif  oai^Qbigiiioat 
fi»e%  loA  J^^refim  0^^  oo^^ips  fae- 

iidea»  a  imall  qiuQMitjri  of#>rin  ^  dybniiiep«..J3niejwBiaiiHi 
JajpriM^  (pa^  1048)  has  ocmddeiabla  leaeiidblftoee  to  tNtaatsaa. 
T%e  t'UywKf  and  ingftftfofif  Amiaiir«  JBonsupt;  of^wMir  i^  aboot 
Mp^P^tiOf (Dommon  aalv^^ Htde^albomenfiind^ 
Munal  matlier.  Die  aKbetaoce  of  <be  arprtat^ « 
properties  with  the  globulin  of  the  blood,  and  iOEiay  be  Irepresent- 
ed  as  a  compound  of  15  atomic  of  protein  with  1  atom  of  sulphur. 
When  rubbed  in  pure  water,  the  greater  part  of  the  crystalline 
dissolves ;  the  solution  is  coagulated  by  heat,  and  forms  a  gran- 
ular and  not  a  coherent  mass.  The  crystalline  undergoes  the 
same  coagulation  when  put  into  hot  water,  into  alcohol^  or  into 
an  acid. 
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APPENDIX. 

TABLE    I. 

Far  the  cofwerrion  of  degrees  on  the  Centigrade  thermometer  into 

degrees  of  Fahrenheit's  scale. 


ikat. 

Fflhr. 

CaiL 

FahT. 

Cent. 

W»hr. 

—$(f 

^58^,0 

—  9* 

15^8 

f^^ 

S9«,6 

—49 

^56.2 

—  8 

17.6 

33 

91.4 

—48 

—54,4 

—  7 

19.4 

34 

93,2 

—47 

—52.6 

—  6 

21.2 

35 

95.0 

—46 

—50,8 

_  5 

23.0 

36 

96,8 

—45 

^9.0 

—  4 

24.8 

37 

98.6 

—44 

—47.2 

—  3 

26.6 

38 

100,4 

—43 

—45.4 

—  2 

28.4 

39 

102.2 

—42 

—43.6 

—  1 

30.2 

40 

104,0 

^^1 

— il.8 

0 

32.0 

41 

105,8 

—40 

^0.0 

+  1 

33,8 

42 

107  .6 

—3^ 

—38.2 

2 

35,6 

43 

109.4 

— 3S 

—36.4 

3 

37.4 

44 

111,2 

^^^7 

—34.6 

4 

39,2 

45 

113,0 

—36 

—52,8 

5 

41  .0 

46 

114.8 

-^35 

—30,0 

6 

42.8 

47 

116.6 

—34 

—29.2 

7 

44  .6 

48 

118,4 

—33 

—27.4 

8 

46.4 

49 

120.2 

—32 

—25  M 

9 

48,2 

50 

122.0 

31 

—23.8 

10 

50.0 

51 

123.8 

—30 

—22  .0 

11 

51J 

52 

125,6 

_29 

—20.2 

12 

53.6 

53 

127.4 

—28 

—18.4 

13 

55.4 

54 

129.2 

—27 

—16.6 

14 

57,2 

55 

131.0 

-^2$ 

—14.8 

15 

59.0 

56 

132.8 

—25 

—  13.0 

16 

60.8 

57 

134,6 

—24 

—  11,2 

17 

62.6 

53 

136.4 

—^3 

—  9.4 

13 

64.4 

59 

138.2 

-^22 

--  7.6 

19 

66.2 

60 

140,0 

—21 

—  5,8 

20 

68,0 

61 

141.8 

—20 

—  4.0 

21 

69,8 

62 

143.6 

—19 

—  2.2 

22 

71.6 

63 

145,4 

—18 

—  0,4 

23 

73,4 

64 

147.2 

—17 

+    I  A 

24 

75.2 

65 

149,0 

—16 

3.2 

25 

77.0 

e$ 

150.8 

—15 

5.0 

26 

78.8 

67 

152.6 

—14 

6.8 

27 

80.6 

63 

154.4 

—13 

8,6 

28 

82,4 

$^ 

156.2 

—12 

10.4 

29 

64.2 

70 

158.0 

—a 

12.2 

30 

86,0 

71 

159.8 

—10 

14,0 

31 

87.8 

72 

161.6 
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Ceat. 

Fahr. 

Ctnt. 

Fahr. 

Cent. 

nhr. 

217* 

422^6 

252* 

485*.6 

287* 

548*.6 

218 

424.4 

253 

487.4 

288 

550.4 

219 

426.2 

254 

489.2 

289 

552.2 

220 

428.0 

255 

491.0 

290 

554.0 

221 

429.8 

256 

492.8 

291 

555.8 

222 

431.6 

257 

494.6 

292 

557.6 

223 

433.4 

258 

496.4 

293 

559.4 

224 

435.2 

259 

498.2 

294 

561.2 

225 

437.0 

260 

500.0 

295 

563.0 

226 

438.8 

261 

501.8 

296 

564.8 

227 

440.6 

262 

503.6 

297 

566.6 

228 

442.4 

263 

505.4 

298 

568.4 

229 

444.2 

264 

507.2 

299 

570.2 

230 

446.0 

265 

509.0 

300 

572.0 

231 

447.8 

266 

510.8 

301 

573.8 

232 

449.6 

267 

512.6 

302 

575.6 

233 

451.4 

268 

514.4 

303 

577.4 

234 

453.2 

269 

516.2 

304 

579.2 

235 

455.0 

270 

518.0 

305 

581.0 

236 

456.8 

271 

519.8 

306 

582.8 

237 

458.6 

272 

521.6 

307 

584.6 

238 

460.4 

273 

523.4 

308 

586.4 

239 

462.2 

274 

525.2 

309 

588.2 

240 

464.0 

275 

527.0 

310 

590.0 

241 

465.8 

276 

528.8 

311 

591.8 

242 

467.6 

277 

530.6 

312 

593.6 

243 

469.4 

278 

532.4 

313 

595.4 

244 

471.2 

279 

534.2 

314 

597.2 

245 

473.0 

280 

536.0 

315 

599.0 

246 

474.8 

281 

537.8 

316 

600.8 

247 

476.6 

282 

539.6 

317 

602.6 

248 

478.4 

283 

541.4 

318 

604.4 

249 

480.2 

284 

543.2 

319 

606.2 

250 

482.0 

285 

545.0 

320 

608.0 

251 

483.8 

286 

546.8 
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PorceofVapoarJ 

Force  of  Vapour. 

Force  of  Vapour. 

Ttmp. 

Temp. 

Temp. 

Dalton. 

Ure. 

Dalton.  1    Ura 

Dalton. 

Ura. 

17fi*P. 

13.92 

201T 

24.12 

226*'  P.| 

38.89 

40.100 

177 

1422 

202 

24.61 

227 

39.59 

178 

14.52 

203 

25.10 

228 

40.30 

179 

1483 

204 

25.61 

229 

41.02 

180 

15.15 

15.160 

205 

26.13  25.900 

2:!0 

41.75 

43100 

181 

15.50 

206 

26.66  ': 

231 

42.49 

182 

15.86 

207 

27.20 

232 

43.24 

183 

16.23 

208 

27  74 

133 

44.00 

184 

16.61 

209 

28.29 

234 

44.78 

46300 

185 

17.00 

16.900 

210 

28.84  28.880 

235 

45.58 

47.220 

186 

17.40 

211 

29.411 

236 

4639 

187 

17.80 

212 

30.00  30.000 

237 

47.20 

188 

18.20 

213 

30.60 

238 

48.02 

50300 

189 

18.60 

214 

31.21 

239 

48.84 

190 

19.00 

19000 

215 

31.83 

240 

49.67 

51.700 

191 

19.42 

216 

32.46  33.400 

241 

50  50 

192 

19.86 

217 

33.09 

242 

51.34 

53.600 

193 

20.32 

218 

33.72 

243 

52.18 

194 

20.77 

219 

34.35 

244 

53  03 

195 

21.22 

21.100 

220 

34.99  35.540 

245 

53.88 

56.340 

196 

21.68 

221 

35.63  36.700 

246 

54.68 

197 

22.13 

222 

36.25 

247 

55.54 

198 

22.69 

223 

36.88 

248 

66.42 

60.400 

199 

23.16 

224 

37.53 

249 

5731 

200 

23.64 

23.600 

225 

38.20  139.110 

250 

58.21 

61.900 

%       TABLE  III. 

JJr.  Ure's  Table  of  the  Quantity  of  Oilof  Vitriol,  of  tp.  gr.  13485,  and  ofJnhydroua 
Acid^  m  100  Part*  nf  dilute  Sulphuric  Acid,  at  dijferent  Densitiee, 


Uqi^d. 

Sp.  Or. 

Dry. 

Liquid. 

Sp.Or. 

Pry. 

Uquid. 

Sp.  Gr. 

Dry. 

100 

13485 

81.54 

66 

1.5503 

53.82 

32 

1.2334 

26.09 

99 

1.8475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98 

13460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

5137 

29 

1.2108 

23  65 

96 

1.8410 

78.28 

62 

13066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75  83 

59 

1.4760 

48.11 

25 

1.1792 

2038 

92 

13233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

1957 

91 

13179 

74.20 

57 

1.4560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

7339 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72  57 

55 

1.4360 

4435 

21 

1.1480 

17.12 

88 

1.79C2 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

1631 

87 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

14073 

42.40 

18 

1.1246 

14.68 

85 

1.7673 

6931 

51 

13977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49 

50 

13884 

40.77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 

49 

13788 

39.95 

15 

1.1019 

12.23 

82 

1.7360 

6636 

48 

13697 

39.14 

14 

1.0953 

11.41 

81 

1.7245 

66  05 

47 

13612 

3832 

13 

1.0887 

10.60 

80 

1.7120 

65.23 

46 

13530 

.37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

45 

13440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

13345 

3538 

10 

1.0682 

8.15 

77 

1.6750 

62.78 

43 

13255 

3506 

9 

1.0614 

734 

76 

1.6630 

61.97 

42 

13165 

34.25 

8 

1.0544 

6.52 

7b 

1.6520 

61.15 

41 

13080 

33.43 

7 

1.0477 

5  71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

5952 

39 

1.2913 

31,80 

5 

1.0336 

4.08 

72 

1.6204 

68.71 

38 

1.2826 

30.1)8 

4 

1.0268 

3.26 

71 

1.6090 

5739 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.35 

2 

1.0140 

1.63 

69 

1.5869 

56.26 

35 

1.2572 

28  54 

1 

1.0074 

03154 

68 

15760 

55.45 

34 

1.2490 

2772 

67 

1.5648 

54.63 

33 

1.2409 

26.91 

^^TOC^^^I 

^i^^H 

^^^H 

H        Dr.  Xhe't  Table  of  the  Quantity  of  Real  or  Anhydrous  NUr^^ 

Acidin  100  Paris  of  Liquid  Acid  at  dtftfrent  DemUiei. 

J 

Speclfle 
QnWtf, 

HMlAdd 

InlOOpartt 
of  the  Uquld. 

8p«c1fte 

RcftlAcld 

In  100  pftrta 
of  the  Liquid. 

SpectAe 
Qnwltf. 

B«ftlAc44 
It.  100  nrtu  I 

5 

15000 

79,700 

13783 

52,602 

1  1895 

26301 

1.4^80 

78.903 

13732 

51,805 

I,l8;i3 

25^04 

^^^ 

1.4960 

78J06 

13681 

51.068 

M770 

24  707 

^^1 

1,4940 

77309 

13630 

50.211 

1.1709 

23  910 

^^^ 

L4910 

76.513 

13579 

49  414 

1.1648 

2J,n3 

^^^ 

1.4880 

75.715 

13529 

48-617 

1.1587 

22316 

^^1 

t48&0 

74.918     ' 

1.3477 

47,820 

1.1526 

21JS19 

^^^ 

L4620 

74.121 

13427 

47.023 

1.1465 

20.722 

^^^ 

L4790 

73.324 

1.3376 

46.226 

1.1403 

19.925 

^^^ 

1.4760 

72.527 

13323 

45.429 

1.1345 

19.128 

^^M 

L4730 

71.730 

13270 

44.632 

1,1286 

lg33l 

^^H 

1.4700 

70,933 

13216 

43.835 

1.1227 

17.534 

^^1 

1,4670 

70.136 

13163 

43,038 

Ml  68 

16L737 

^^1 

1.4640 

61i339 

13110 

42.241 

M109 

15,940 

^^1 

14600 

68.542 

13056 

41.414 

1.1051 

15.143 

^^H 

1.457(1 

67.745 

13001 

40.647 

1.0993 

I434« 

^^H 

1.4530 

66.948 

1,2^47 

39.850 

1.0935 

13SIS    ' 

^^H 

1.4500 

66.1.55 

1.2387 

39.053 

1.0878 

12  751  • 

^^H 

1.4460 

65354 

1-2826 

38.256 

10821 

11.955  - 

^^H 

1.4424 

64.557 

1.2765 

37.459 

1.0764 

11,158 

^^1 

1.4385 

63,760 

1.2705 

36.662 

1.0708 

10S61 

^^1 

1.4346 

62.963 

1.2644 

35.865 

1.0651 

9^6i 

1.4306 

62  J  66 

1.2683 

35.068 

1.0595 

8.767 

1.4269 

613(Jy 

1.2523 

34.271 

1.0540 

7970 

L4228 

60.572 

1,2462 

33.474 

1^0485 

7.173 

1.4189 

59.775 

1.2402 

32.677 

10430 

6376 

L414; 

58.978 

1.2341 

31.880 

1.0375 

5.579 

1.410; 

58.181 

1.2277 

31,0g3 

1.0320 

4,781 

L4065 

57384 

1.2212 

30.2S6 

1.0267 

$985 

* 

1.4023 

56.587 

1,2148 

29,489 

1.0212 

3.1» 

13978 

55.790 

1-2084 

28,692 

1.0159 

2391 

1.3945 

54.993 

1.2019 

27.895 

LOIOC 

1594 

1.3882 

54.196 

1.1958 

27.098 

i.oo5:j 

0.797 

13833 

53399 

1 
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TABLE    V. 

Table  of  M.  LowitZy  shotoing  the  Qtumiiiy  of  absolute  Alcohol 

in  Spirits  of  different  Specific  Gravities. 


lOOPfcrtfc 

Bp.  Gimfitf,     1 

U^  Puru. 

Sp.  GnvltT.     1 

liWPartt. 

9p.  GrmFltT.      j 

AJc. 

W»4. 

Mm-. ' 

AtlW", 

Ale. 

Wat, 

At  60'. 

At  «*. 

AJc. 

Wat. 

At  60", 

AtB^* 

100 

0 

0J96 

0791 

m 

;^4 

0.881 

0.877 

32 

68 

0.955 

0.952 

99 

1 

0.798 

0,794 

65 

35 

0.883 

0,880 

31 

69 

0.957 

0.954 

$B 

2 

0.801 

0.797 

64 

36 

0.h86 

0.882 

30 

70 

0-958 

04^56 

97 

3 

0.804 

0.800 

b3 

37 

0.8H9 

0.883 

29 

71 

0-960 

0.957 

96 

4 

0,807 

0.803  ' 

62 

38 

0.891 

0-887 

28 

72 

0*962 

0.959 

95 

5 

0.809 

0.805 

61 

39 

0.693 

0.889 

27 

73 

0  963 

0.961 

34 

6 

0.812 

0.808 

60 

40 

0.896 

0  892 

26 

74 

0.965 

0.963 

93 

7 

0^15 

OJU 

59 

41 

0.898 

0  894 

25 

75 

0  967 

0.965 

92 

8 

0.817 

0.813 

58 

42 

0.900 

0.896 

24 

76 

0'968 

0.966 

91 

9 

0.820 

0.816 

5? 

43 

0  902 

0J99 

23 

77 

0  970 

0.968 

m 

10 

0.822 

0.818 

56 

44 

0.905 

0.901 

22 

78 

0-972 

0.970 

m 

11 

0.825 

0.821 

55 

45 

0.906 

0-903 

21 

79 

0  973 

0.971 

m 

n 

0,827 

0.B2.T 

54 

46 

0.908 

0.905 

20 

80 

0.074 

0.973 

87 

13 

0  830 

0B26 

53 

47 

0.910 

0.907 

19 

81 

0975 

0.974 

86 

14 

0.832 

0,828 

52 

48 

0.912 

0.909 

18 

82 

0  977 

0.976 

85 

15 

0.835 

0.B31 

51 

49 

0.915 

0.912 

17 

83 

0978 

0,977 

84 

16 

0.838 

0.834 

50 

50 

0.917 

0.914 

16 

84 

0.979 

0,976 

S3 

17 

0.B40 

0.836 

49 

5J 

0.920 

0.917 

15 

85 

0-981 

0.980 

82 

Id 

0.843 

0,839 

18 

52 

0.922 

0.919 

14 

86 

0-982 

0*981 

81 

19 

0.846 

D.842 

47 

53 

0.924 

0^921 

13 

87 

0  984 

0.933 

80 

£0 

0.848 

0.844 

46 

54 

0,926 

0.923 

12 

88 

0.986 

0.985 

79 

21 

0.851 

OJ47 

45 

55 

0.928 

0  925 

11 

§9 

0987 

0*986 

78 

S3 

0J53 

0J49 

44 

56 

0.930 

0.927 

10 

90 

0-988 

0-987 

77 

£3 

0.855 

0.851 

43 

57 

0.933 

0.930 

9 

91 

0,989 

0.988 

76 

£4 

0.857 

0.853 

42 

58 

0.935 

j  0.932 

8 

92 

0990 

0.969 

76 

25 

0.860 

0.856 

41 

59 

0,937 

0.934 

7 

93 

0.992 

0.991 

74 

26 

0.863 

0.859 

40 

60 

0.939 

0.936 

6 

94 

0.991 

0.992 

73 

27 

0.865 

0.861 

39 

61 

0.941 

0.93B 

5 

95 

0  994 

?% 

2S 

0,867 

0.863 

38 

62 

0.943 

0.940 

4 

96 

0.995 

71 

29 

0.870 

0.S66 

37 

ea 

0.945 

0.942 

3 

97 

0  997 

70 

30 

0-872 

OJGB 

36 

a4 

0.947 

0.941 

2 

98 

0.998 

69 

31 

0.874 

r>.870 

35 

65 

0.949 

0  946 

1 

99 

0.999 

£8 

M 

0.875 

0.872 

34 

66 

0.951 

0.948 

Q 

100 

1.000 

67 

33  1  0^79 

0^75 

33 

67 

0.953 

0.950 

TABLE    VL 

Tables  showing  the  Specific  Gravity  of  Liquids,  at  the  Tempera- 

ture  of  55^  Fahr.  corresponding  to  the  Degrees  ofBeaum4's 

Hydrometer. 

For  Liquids  lighter  than  Water. 


Dcff.     Bp.  Gr. 

Dtg.     8p.  Or. 

Deg.     Sp.  Gr. 

Deg.     Sp.  Or. 

Deg.     Sp.  Or. 

10  =  1.000 

17  =  .949 

23  =  .909 

29  =  .874 

35    :a   .842 

11         .990 

18        .942 

24        .903 

30         867 

36         .837 

12         .985 

19         .935 

25         .897 

31        .861 

37        .832 

<13         977 

20        .928 

26        .892 

32        .856 

38        .827 

14         .970 

21        .922 

27        .886 

33        .852 

39        .822 

15         .963 

22        .915 

28        .880 

34        .847 

40        .817 

16        .955 

For  Liqu 

ids  heavier  tli 

lan  Water. 

Deg.Sp.  Or. 

Deg.  Sp.  Gr. 

Deg.  Sp.  Or. 

Deg.  Sp.  Or.             Deg.  Sp.  Gr. 

0=1.000 

15e=1.114 

30=1.261 

45  =  1.455 

60=1.717 

3     1.020 

18     1.140 

33     1.295 

48     1.500 

63     1.779 

6     1.040  • 

21     1.170 

36     1.333 

51     1.547             66     1.848 

9    1.064 

24     1.200 

39     1.373 

54     1.594       i       69     1.920 

12     1.089 

27     1.230      ' 

42     1.414 

57     1.659 

72    2.000 
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TABLE    mO- 


TABUS8  FOR iffiF^li^GB  IN  QUAUTAllirB  AlilALtflK'^ 


U  OASES. 


r  :-  M 


^nyii 


-i.i.  i.»r 


OAUES. 


Solnhfein    f  CMxmicadd 
f  Oxygen 


VvAxEddstdiiSki^ 


Protoxide  of  nS^StiglA  *^*/  .       f      .         .   ^        .  »>^ 
Gonbii8tihk<    *>™iw«»»w            :  >       to™  Kinc-imfar. 

Extinguish  f  Deutoxide  of  nitrogen   1  Fonnahrown  fames  witliair. 

^'^^^'^  I  Nitrogen'      ^  -  /  XiSnbt. 


II.  ACIDS. 


Distinctive  properties  of  certain  adds,  in  combinaiion. 


Precipitated 
by  chloride  . 
of  barium 


Precipitated 

by  nitrate  of. 

silver 


L 


ACIDS. 

Sulphuric 

Iodic 

Sulphurous 

Phosphoric 

Pyrophosphoric 

Carbonic 

Hyposulphurous 

Hydrochloric,  white  1 

Hydriodic,  yellow  j 
Phosphoric  ,. 

Pjnxjphosphoric  white 
Iodic  „ 

Carbonic  „ 

Sulphurous  ,, 

Hyposidphurous       „ 


Precipitate  not  dissolved  by 
nitric  acid. 


Precipitate  dissolyed  by  hy- 
drochloric acid. 


Preci|Htate  not  dissohed  l»y 
nitric  acid. 


Precipitate  dissolved  by  nitric 
acid. 

t,     sulphur  appears. 
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Indicated  by 
strong  sul- 
phuric acid. 


ACIDS. 

Carbonic 
Sulphurous 

Hyposulphurous 

Hydriodic 
Chloric 


{ 


Effervescence  of  a  gas  which 
renders  lime-water  turbid. 

Effervescence :  gas  decom- 
poses iodic  acid. 

Effervescence  of  sulphurous 
add,  and  sulphur  deposit- 
ed. 

Iodine  liberated. 

Peroxide  of  chlorine  evolved, 
and  Hquid  bleaches. 


8FBCIAL   TBSTS. 

Hydriodic  acid»  by  chlorine-water  and  starch. 
Iodic  acid,  by  sulphurous  acid  water  and  starch. 
Sulphurous  acid,  by  iodic  acid  and  starch. 
Nitric  acid,  by  sulphate  of  indigo. 
Hyposulphurous  acid  dissolves  chloride  of  silver. 

„  ,.     is  not  precipitated  by  nitrate  of  strontian. 


m.  ALKAUES  AND  EARTHS. 


Distinctive  properties  of  potash,  soda,  ammoniay  barytes,  lime, 
strontian,  magnesia  and  aluminay  in  their  salts ;  the  re-agents 
to  be  applied  in  succession  as  numbered. 


RB-AGBNTS. 

1*  Carix>nate  of  soda 
2^  Oxalate  of  ammonia 

3^  Diluted  sulphate  of  soda 

4*  Hyposulphite  of  soda 


Precipitates  earths  and  not  alkalies. 

Precipitates  barjrtes,  strontian  and  lime, 
f  Precipitates  barytes  and  strontian,  but 
\      not  lime. 

Precipitates  barytes  but  not  strontian. 


SFBCIAL   TBSTS. 


Caustic  potash  evolves  ammonia. 
Tartaric  add  in  excess  predpitates /lO/owA. 
Bicarbonate  of  potash  does  not  precipitate  magnesia. 
Caustic  potash  dissolves  ahtmina. 


im 


■■  VV  ;.. 
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TABLE    VIII. 

SELECTED  ATOMIC  WEIGHTS,  WITH  THEIR  LOGARITHMS,  FOR  THE 
CALCULATIONS  OF  ANALYSIS. 

7^  mmben  are  the  same  aa  those  given  in  the  body  of  the  work  {from  Ber- 
MeUns),  mih  the  exceptim  of  carbon,  which  is  always  taken  here  at  75,  {Du- 
^M^>»  ffl*^  nitrogen  at  175.6  tkt  kst  dmlitct^d  by  Dr.  Clark  from  M,  Dumas' 
recent  dvfvrmi nations  0/  the  dcntihes  of  uiirogen  and  oxygen ^ 


Niow. 

afmboU 

Atosik  Wdgbt. 

togwfthm. 

Amcoonia     »        • 

NH, 

213.13 

2.32864 

Antimony    , 

Sb 

1612,9 

3.20761 

(Diide  of) 

SbO, 

1912.9 

3,28169 

■            (Butphnret  oO  • 

SbS| 

2316.4 

3,34565 

Arsenic 

Aa 

940.1 

2,973174 

A*S^ 

1543,6 

3,18854 

"           C««lph«ret  of)  . 

Ass] 

1945.9 

3.28912 

An^ntc  acid 

A«0. 

1440  J 

3,15839 

Ar^eoiooB  acid      , 

AbO^ 

1240.1 

3.09346 

Boriam 

Ba 

85W8 

2.93293 

^- (cliloride  of)     , 

Bad 

1299.5 

3,11378 

BaiTtea 

BaO 

956  88 

2.98086 

BaCCOj 

1231.9 

3.09058 

2BaO,PO^ 

2S06J 

3.44811 

{m  I  jihate  of  )     , 

BqO,SO. 

1458.1 

3,16379 

C&fdum,  frhloride  of     . 

CaCl 

6m,^T 

2.84427 

CArbon 

C 

75.00 

1.87506 

Cmibomc  icid 

CO, 

275.00 

a.43933 

C^riwDic  oiidt     . 

CO 

175,00 

2,24304 

Copp«r 

Co 

395.70 

3.59737 

CuO 

495JO 

2.69522 

(ftufaoxide  of)    . 

Cti^O 

891.39 

2.930:17 

Hydrogtn    , 

H 

12.48 

1.09621 

Iron     .        .        ,         , 

Fe 

339,21 

3.63047 

-  -  -    (peroxide  of  J 

F.A 

978.43 

2.90053 

FeO 

439.21 

2,64367 

Lead            ,        .        .    , 

Pb 

1294,5 

3.U310 

(carbonate  of)      , 

PbO.COj 

I6(i9,5 

3,22259 

PbCl 

1737,1 

3.23983 

aPbO.PO, 

3681,3 

3,56600 

■ (protoxide  of)       . 

PbO 

1394.5 

3.14442 

(fiuiphate  of) 

PbO.SO, 

1895  J 

3.27777 

Lima    .        , 

CftO 

356,02 

a.65147 

(carbonate  of) 

CaO,CO, 

e3l,03 

3.80004 

(au]^te  of> 

CaO.SO, 

857.19 

2.93308 

Magnesia     . 

MgO 

2SS.35 

2,41220 

(aalpbate  of)    , 

MgO.S<\ 

759.52 

2.88054 

MftD^nese  . 

Mn 

345.90 

2.53895 

M5OJ 

445,90 

2,64924 

(deuto^ide  af )  , 

Mn^O. 

991,80 

2,99643 

Mercury 

Hg 

1265,8 

3.10236 

l(Hf,Cl) 

1437. 1 

3.17334 

HgO 

1363,8 

3.13539 

HfeO 

2631,6 

3.42022 
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S^boL 

Aloak  Wdefat 

!..«««».. 

Nittogen      *      . .        * 

N 

irs.6 

S.24452 

Phosphoric  flcid    • 

PO, 

892.51 

2.95052 

Pbosphoroiis  Oicid 

PO, 

693.21 

2-S4O30 

Pbosphoms 

P 

392.31 

t.59363 

Flaiiaum      , 

Pt 

1233,3 

3.09107 

fPt,Cl,-^l 
I  NH.Cl  f 

2786.5 

ride  of} 

3.44506 

ride  of) 

aCL^KCl 

3051-2          ' 

3.4S447 

Fotasli 

KO 

589^92 

2-77O70 

KO,CO, 

S64.93 

293698 

(sulphate  of)    * 

KO,SO» 

10914 

3.037a6 

Potaa^iiim    -         * 

K 

480.92 

2.69013 

KCl 

932-57 

%9^SH 

Silver  -        . 

Ag 

1351,6 

3J30ti 

AgCl 

1794-3 

3.253ei 

^  (oxide  of)    . 

AgO 

1451.6 

3.16185 

—2 

2903.2 

3.4628s 

= 

—3 

4354'd 

3.'i3897 

; 

—4 

5800  4 

3.76391 

— S 

7255.0 

3,S60g2 

Soda    .         -         -         , 

NaO 

390.00 

2.5»207 

(<mrbotiate  of) 

NaO,CO, 

66591 

2.82341 

NaO,SO, 

892.07 

2.95040 

Sodiom 

Na 

290.90 

2.46374 

^ (chloride  of)      . 

NaCl  . 

733.55 

2.86543 

StroBtian     * 

SrO 

54729 

2.8 1110 

SrO.COj 

g$2.3Q 

2,96487 

(sulphate  of)     , 

SfO,S0, 

1143.50 

3.06013 

Strontium,  chloride  of  < 

Bid 

989-94 

199561 

Sijiphiir 

S 

20iJ7 

2.30356 

Sulphuric  actd 

SO, 

SOL  17 

2,G999S 

Sulphurous  acid  * 

so. 

40H7 

2.60333 

Tm      ,        .        .         . 

8d 

735.29 

2.86645 

SnO^ 

935.29 

2.97095 

— — (protoxide  of) 

SuO 

835.29 

2.92184 

Water 

HO, 

U2.4g 

2.05107 

224,96 

2,35210 

337-44 

2,52820      * 

449.92 

2.65314 

562,40 

3.75005 

674.8S 

2.62923 

787.36 

2^9618 

S99.84 

J-9S417 

1012.3 

3.00531 

1124.8 

3.05107 

1237  J 

3-09248 

1349.8 

3,13027 

1462.2 

3.16501 

Zinc     .... 

Zn 

403.33 

2-60555 

Z^O  I 

503.23 

2.70in 

lWi5.5 

3.002$! 

1509  7 

3.17889 

2012.0 

3.30312 

INDEX. 


Absorption,  1021. 

Acetal,   or   compocnd  of  aldehyde  with 

ether,  782. 
Acetate  of  alumina,  7S5, 

—  of  barytes,  78.5. 

—  of  ammonia,  785. 

—  of  black  oxide  of  mercury,  6M. 

—  of  copper,  58S. 

—  of  lead,  !»87. 

—  of  ozfcle  of  ethyl,  785. 

—  of  lime,  785. 

—  of  magnesia,  785. 

—  of  morphia,  976. 

—  of  potash,  785. 

—  producta  of  the  action  of  heat  upon, 

— -of  ioda,  785. 

—  ofstrontian,  785. 
Acetone,  70i^,  710,  796. 

—  (met-).  79«. 

Acetyl,  aerlea  of  compound!,  780. 

—  aceute  of  oxichlorldeof;  787. 

—  hydrate  of  the  oxide  of,  780. 

—  oxiaalphuret  of,  787. 

—  action  of  chlorine,  bromine  and  Iodine, 
upon  ethyl,  786. 

—  chloride  of.  787,  793. 

—  hydn>retof,791,79S. 

—  chlorhydrate  of  chloride  of,  792. 

—  chloroplatlnatea    of   chloride   of  793, 
794.  795. 

—  bromide  of,  798. 

—  bromhydrate  of  bromide  of,  798. 

—  iodhydrate  of  iodide  of,  798. 

—  arsenical  compounda  derlTwl  fhmi,  799. 

—  series    of   compounda   of    amidogtn, 
tables  (»5  to  807. 

Acid,  acetic,  782.    Its  combinations,  784. 
Action  of  heat  upon,  795. 

—  acetous  or  aldehydic,  782. 

—  aconitic,  945. 

—  althionic.  780. 

—  amvgdalic,  848. 

—  antlmonioas.  641. 

—  anthranllic,  919. 

—  arsenic,  939. 

—  arsenlona,  146,  627. 

—  antidote  to  araenioas,  636. 

—  aselaic,  and  others,  9G7. 

—  benzllic,  863. 

—  bensoic,  849. 

—  boradc,  999. 
->  bromic,  382. 

—  bninolic,  841. 

—  butyric.  954. 

—  cacodyllc,  801. 

—  caffeli.an. 

—  capric,  954. 


Acid,  bromobenioic,  736. 

—  caprolc,  954. 
~  carbacotic,  917. 

—  carboUc,  841. 

—  carbonic,  304. 

—  cevadic,955. 

—  chloracetic,  731.  790. 

—  chlormnilic,  919. 

—  chlorisatinic,  786,  918. 

—  chlorisatydic,  919. 

—  chlorochromic,  615. 

—  chloromolybdic.  622. 

—  chlorosulphurlc.  332. 

—  chlorotnngstic,  619. 

—  chromic.  612. 

—  chrysaniiic.  919. 

—  cinnamic.  867. 

—  dtraconic.  946. 
»  citric.  944.  945. 

—  comenic,  9;)7.  938. 

—  cocinic,  956. 

—  croconic,  934. 

—  crotonlc.  957. 

—  cnmlnic.  896. 

—  cyanuric.  992. 

—  cyanic,  992. 

—  cyanic.  734,  992. 

—  delphinic,  955. 

—  ellaglc,  939. 
~  elardic.  966. 

—  errthroleic,  923. 

—  etnerosulphuric.  769. 

—  ethaUc,  880,  958. 

—  ethlonic  and  Isetlilonlc,  778. 

—  euchronic,  986. 

—  ferrlcyanic,  733. 

—  ferrocyanic,  733,  990. 

—  formic.  827  to  829. 

—  formobensoYlic.  854. 

—  of  fhiita,  752,951,  ftc. 

—  ftiiminic,  992. 

—  f^maric,  952.  958. 

—  Aiming,  of  Nordliausen,  325. 

—  gallic,  pyrogallic.  metagallie,  and  me. 
langaUh:.  939  to  943. 

—  hippuric,  854. 

—  hirdc,  955. 

—  hydrated,  142,  932. 

—  hydrobromic,  881. 

—  hydrocyanic,  98.'>,  986. 

—  hydrofluoric,  .%>5. 

—  preparation  of,  395. 

—  hydroleic.  969. 

—  hydromargaric.  969. 

—  hypermanganic,  145. 

—  hypochlorous,  500. 

—  hyponiargarylic,  959. 

—  hypoposphorous,  343. 
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Add,  *iT^?»f  ":,^H. 

^  iodic*  *!*«*  S»l' 


niDKX^ 


♦_  iiirtolete,9«B; 
^  mAlTbdki  ^l- 

—  nllTDVuipnufU:,  WWi 

_  aKiiliFrtnVc,  7/0, 

—  poTiit»ftari<'  or  raMm^t,  IKW- 

—  phnceiiit*  ti*''*-      ^ 

—  plio*pbni^r,  I* ,  JH3* 

—  picrte,S*l7. 
^  plmarllft  *®l'  ^. 
plnttnocyanVc*  Wl*. 

_  pytotirtinc.  *m. 

_  rtodinoolc.  *34. 
_  iKfrhBiic.  761. 76t, 

^  iertdt,  ft*?. 
—  itiMiir!<?,t)6L. 
^  .ubcrtif,  rfiS/963- 

_  nkntLBdtiiiiDnk,  M2. 

'   __  tlUphMSCDioU^F  f*^- 

^  tnlpboiaccJiftric,  7fi4. 


farmiinou,  -■*". 

—  gnlphonieaitlHe,  im* 

—  ftulphnroua^  SIS- 

—  Uquici  *ulwhflroiii*  6. 

^  tedM  of  the  sulpburom,  333. 

_  ftnhyitrnus  fliilpburic',  »/*>. 

_  prippertie*  of  tlie  sxilpburic^  Stii^Ml. 

^  tartnrk'  am]  parstvtttllCi  **»  «  'Pf  ■ 

—  vnleric  Of  viilejiiuik!i  81*- 

—  vntiodlf'^  til  fit 

—  Vera  trie,  i^5. 

—  xanthic,  777. 


—  of  iswtof  oil.  W-  ^.     m^ 

--  formatioii  of,  I4yt  7*» 
Acoiiitic  ftHd,  S>4*, 

Aemielii*.  »g|, 

—  wrd^  of*  i^' 

^  ladiictlM.  i1*7  i **t  !**• 

Air,  atmoapberic^  *^_lTi  ^i^*«i>j«**J  |t 

_  mnvfrraent  of  mtmm  ^  JV  ^ 

—  !itinOflpb*ric  ™p«if.  376.    ABaqpa  * 

th*:  air,  'I*^^ 
Albatn«i,  Teifetabl*    .46,  »1^  1*1* 

AlbuffiVnoa*  frrmmli,  »»- 

AU-A^en,  f^U  TOT   rtW  mt^ 

Alc»n^ii*  or  Uquor  ercftdct,  7ia,  ^  ^ 

Alci«*«*.  frytt^Hlne.   e«rai|HiW»  «  »^ 

hol«ritbT»TloTi*  ■»li^7Sa,    ■     I,     ,1^ 

AHr.b«l,l42.     i>*»JJUrtlfrj«  »*«<■■» 

—  tip's, '^^J^'^^, 

—.  Ita  coinpotuid*,  ?*»- 

—  (jftflgetiert  of,  (of  *n  * 
Hsnj  7»l  r'  «f  * 

Aldehyde  71CS  7w, 
^  Hs  typ**  73|, 
^  amnspobLt  TlS^ 

—  fe»lo  of*  7J^3. 

AlkMllnwtfT.    ftod   **»«   *ltaiiaiet«,  *-s 

A^ii«e  «rth%  tlwir  mctsllte  l-«*  *«• 

l^.  -ISi,  S80-       *  ^ 

_  button.  WW«r,74y, 

AilaHfii^of^''*?-  -  T 
rs*t  tcpdlom,  potMaium^  *<^-l 
Alk*Ue»*  bydT»t*d,  S«sO, 

Z  cbC^Ii'^^n  of,  on  ™n™  «!-«»«- 

ce»,  7»W* 
AHftoriiit  !)^i^- 
AUwiioln,  IM 

Alloy,  wblte,  of  nicfcel.  Ml,  471* 
Alloy*  of  bwminh»  &»*. 
(j^  L-ndoiliaiiiii  ^7B, 


—  of  ccjppeTt  ^*^» 
_  of  eoU ,  fi"4. 

^  or  Wi  "I'd  utw  *»*. 

—  of  lUvef ,  fl7iV. 
Alloys  of  tiii,*5«^. 

riJ^Jodn'ollar  ewTDM  of  blU*t,  7H  73S, 

_1he  whit*  of  (tW!t  v^  rf  M««)-  ««»• 

Aliiin,  biinjt,M7. 

—  BirnntjnliK^U  J**^. 

H  solu  iiOTiorphoiu  wllK  41l*k  41»» 
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Alam,  615  ei  »eq. 

—  chrome^  611. 

—  Iron,  565. 

—  ilate,  616. 

—  stone  of  the  Roman  ttatet,  616. 
Alumina,  acetate  of,  785, 

—  hydrate  of,  512. 

—  MlU  of,  515. 

—  sulphate  of,  516. 

—  sulphate  of  potash,  516. 

—  nitrate  of,  619. 

—  silicates  of,  619. 

—  insoluble  phosphate  of,  619. 

—  mellitate  of,  936, 

Aluminum,  anhydrous   chloride  of,  610^ 
618* 

—  fluoride  of,  614. 

—  solphocyanideof,  616. 

—  snlphuret  of,  618. 
Aluminum,  its  class,  142. 
Amarythrtn,  921. 
Amber,  906. 

Amblygonite,  a  phosphate  of  ahunlna  and 

lithia,  619. 
Amides,  177. 

Amidin,  or  gelatinous  starch,  780. 
Amidogvn  and  amides,  177.406. 

—  tables  of  the  corresponding  compounds 
of  acetyl.  B05  to  »07. 

Amilene,  816. 
Ammonia,  408.  972. 1018. 

—  ozalurate  of,  1009. 

—  alum,  136. 

—  acetate  of,  786. 

—  bichloride  of  tin  and,  606. 

—  chloride  of  mercury  and,  666. 

—  with  anhydrous  salts,  412. 

—  hydrochlorate  of,  408. 

—  carbonic  acid  and,  411. 

—  in  solution,  410. 

—  molecular  formula  of,  783. 
~~  neutral  mellitate  of,  936. 

—  oxalate  of,  938. 

—  phosphate  of  magnesia  and,  60S. 

—  compounds  of  cyanic  add  and,  992. 

—  salts  of,  176. 

—  sulpha'e  of,  618. 

—  neutral  tannate  of,  940. 
Ammoniated  salts,  418. 
Ammoniacal  gas,  400,  992. 
Ammoniacal  alum,  618. 
Ammoniaret  of  silTer,  668. 
Ammunio- nitrate  of  direr,  682. 

—  sulphate  of  copper,  638. 
Ammonium,  144,  1 76,  418. 

—  its  chloride,  &c.  418  et  §eq. 

—  theory,  176. 

—  and  ethyl  series,  on  the  rdstlon  be- 
tween them,  808. 

Amphibole  or  hornblende,  609. 
Ampbigen  or  leucite,  620. 
Amygdnlates,  the,  849. 
Amygdalic  add,  848. 
AmygdaUn,  196,  847. 

—  bodies  derired  from  Its  decompodtlon, 
847  ^/«e9. 

Amyl,8Il. 

— -  series  of  compounds,  811.    Table  612. 

—  bromide  of,  814. 

—  hydrate  of  oxide  of,  818. 

—  iodide  of,  814. 

—  chloride  of.  818. 

—  chlorinated  chloride  of  814. 

—  sulphates  of  oxide  of,  814. 
~  acetote  of  oxide  of,  816. 

—  chlorinated  acetate  of  oxide  of.  816. 
Amylaceous    and  saccharine   subataaces, 

797. 
Amylene,  blhydrate  of,  818. 
Analrime,  620. 


ABaly«et,of,  107. 

Animis  of  organic  componnd  tnbttaaces. 

Animals,  food  of,  1014. 
Anhydrite,  mineral,  497. 
Animalculse  of  stagnant  water,  1022. 
AniUc  add,  917, 
AniUne,919,920. 
Animal  charcoal,  6 1 7. 

—  fkt.  968,  969,  1017. 

~  organisation,  727 }  processes,  1011. 

—  substances,  salts  produced  by  potas> 
shim  and,  984. 

—  secreUons,  1048  to  1064. 

—  soUd  parts,  1064  et  seo. 

—  heat,101& 

—  extracts  and  substaaees,  1084,  108^ 
ftc 

Anthiarin,  910* 

Anthradte  a  neariypure  carbon,  299. 

Antimoniate  of  potash,  641. 

—  of  soda,  641. 
Antlmonic  add,  641. 
Antimonlous  add,  641. 
Antimony,  146. 

—  sulphurets  of,  636,  687. 

—  oxide  of,  637. 

—  chloride  of,  638. 

—  pentachloride  of,  642. 

—  sulphate  of,  639. 

—  prcdpitatedsulphnretof,  161* 

—  and  potash,  the  oxalate  of,  639. 
the  tartrate  of,  639. 

Ants,  red )  and  formic  add,  &c.  827. 

—  artificial  oU  of,  031. 
Apatite,  498. 

Apples,  and  their  acid,  961. 
Archil  weed,  920. 

—  of  commerce,  921. 
Aridne,  975,  982. 
Arragonite,  139. 
Arrangement,  chemical,  166. 
Arrow-root,  ftom  the  marantha  amndlna- 

cea,788. 
Arseniates  and  phoaphatea  Isomorphooa, 

187. 
Arseniates  of  the  earths  aad  alkalies,  680. 

—  of  diver,  630. 

Arsenic,  its  characters  and  properties,  627. 

—  its  dassiicaUon,  146. 

—  add,  628. 

—  bromide  of,  631. 

—  chlorides  of,  631. 

—  fluoride  of,  631. 

—  iodide  of,  631. 

—  Sulphurets  of,  680. 

—  reduction  of  thesolphorstof  684. 
^  tesu  and  testlnc  fi>r,  682. 

—  and  hydrogen,  fill. 

—  solid  arseimiret  of  hydrogen,  681. 
Arsenious  add,  146, 62/. 

—  teste  of,  632,  et  eeq. 

—  antidotes  for,  636. 

—  phenomenon  obsenred  during  ite  crys- 
talliiaUon,  163. 

Arteries,  midd.eeoat  of  the,  1040. 

Asparagin,  908. 

Atmosphere,  the,  272.  Temperature  of 
the,  273.  Blue  colour  of  the  sky,  274. 
Winds,  274.  Mean  pressure  of  the  at- 
mosphere, 47, 272,  et  aeq. 

Atmospheric  air,  weight  of  the  oxygen  and 
nitrogen  in,  279. 

Atomic  theory.  119,729. 

—  wdglits,  120.  Definition  of.  121. 
Atoms  of  the  elemeutary  bodies,  how  re- 

presented,  120. 

—  specific  heat  of,  122. 
Atropine,  976, 982. 
Auglte,  609. 

3  A  A  2 


'* 

andlewt,  143,  4tt. 

Breiring.  proe«aa  of,  74&,  J 

^  thlotidt  of.  487. 

Brixllln,  eolouting  anlld 

—  •olphate  of,  4m^ 

939.                       ^H 

^  nitnte  of/4e8. 

Brom«l,7»L             ^^^ 

—  p«ruitkle  of.  W, 

BromldeafcaflMm^alllP 

Bark,  iitiey,  1»79. 

—  orpboaphorus,  iSS, 

—  yellow,  ftrS. 

^€fwiUctn,3m. 

-  qnfoquina,  088, 

—  of  tulpbur,  »t 

B«rytis,&6;           "^    '^ 

Bromine,  tbt  eleoenl.  141 

—  Ibe  bydntf*  of,  480. 

—  solution  of.  487* 

—  ctil©r»U,  &c  of,  «99. 

—  chkirtdeof,S82. 

—  carbonite  of.  487,  488. 

—  action  oi  qpoo  ethyl,  i 

—  ifelblooEt*  of.  -». 

componiiuc,,  #  iK. 

—  oxalate  of,  i«l3. 

—  eompoutMts  of  formyl  i 

B4Ues,cbcTuical.  137.      [^w  of  tb«lr  com- 

Bruciiie,976,9t€,:Ml. 

bioatUiii*  wUh  «t1d«.  «ic.  I&J,  rsi. 

Bruiio(kadd,tMI. 

~  orgaok.  S»"0, 1^7.1. 

Botl«r,  ToUtlto  Midi  of.  M 

Bajiic  •dltii  of  k-ad,  700,  MT,,  et  piutim. 

—  of  eocoa«  nutinefE**  ft<v 

Beer,  of, -4*. 

—  IjotTTOUi  quoUtlea  la  m 

—  Bavarlau.  783. 

Butymne.  »54. 

BeiJiiutiiae,  73iJ,  SM. 

BeiitlUiteorpol«ti,7»(. 

Cacodyi,  7il©. 

BentUe,  73«.  8*3^ 

—  chloride  0^803. 

Bencttteadd.dGav 

—  eywild^  of,  80r.    ^^H 

—  oxide  of.  8(X>,  M^H 

Bentin  or  beniole,  TSS. 

—  fulpbureta,  801.  ^^^H 

Bcmoate  of  wroxkle  of  tion.  M8. 
B«umitea,the.  H5I.M&4. 

CacodylS^  ftrid^  JttU^^^H 

Cad«t,  liquor  of, -tfii^H 

Bflcuote  acM.  »t£f,  (i&l. 

BeiMOloe,!i62. 

Cadmium,  of.  577.     ^^ 

—  oxide  of,  and  tulphnrfifl 

849. 

—  dcfioite  alloy,  of.  ^Jn.   | 
Ciff«ieacid,1lll,                1 

—  hytlruretef.  7^5,952. 

Berbcrin*  obUiiK<t  from  root*  of  tb*  b«f - 

Wrry,03O. 

Csjeput  oU,  SBft.                 1 

B  r>l.  AM, 

Calamine,  679.                   J 

Binnry  theory,  th<,  1«0,  l«A.  7». 

Calc.npar.  130,  140L            1 

BUixiulh,  irvneruJ  occoUAt  of,  fi0S« 

Caldttni  tbe  baila  ofHaaJ 

^  the  eiiboxidc.  ft'M 

—  chloride  of,  404«  4l|UH 

^  protoKide.  »uiphur«.t,  ebkirid«,nilplui« 
of  tbe  oxkh\  «nd  nitrttto  of,  I4a»  ftliT. 

^  «ulphuret*of,  4|i^^l 

—  fluoride  of.  4S6.  ^^M 

^  peroxide  of,  494.  ^H 

59«. 

—  phospburet  of,  494* 

—  the  allays  of,  698. 
Bitter  of  Writer  917. 

Calomel.  «29, 

—  black  com^^ound  by  «q1 

Billem  of  aea-i%-at«r,  'l&l. 

fUa  ^•iih;7;i'i. 

BUumen.  of,  846, 

CuBonUe.  oU  of.  im. 

Bile  and  bUkary  secf«(io4u^  of,  1N4 

Campbofen,  «W. 

-  suKax,  1045. 

Canipbor,  of,  8»9. 

Biliary  matter,  1046, 

GunOdklne.  901. 

BlUo,  1046,  1<MS,           ^^^^^^ 

CaoQtobouc,  paaaage  U  | 

BUlTvrdfn,  1016.         ^^^^^^K 

>beeCof,7(i,U01.             ! 
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C«rbonic  acid,  iuid,  6. 

—  oxide  said  to  be  contained  In  adds,  931. 
Carthamin,  928. 

Cassava,  738. 

Casein,  1019.    Alio  caaeum,  or  coagulated 
mUlc.  1028. 

—  vegetable,  1020. 

Caseous  principle,  and  cbeeae,  1052. 
Cast  iron,  549. 

—  white,  660. 

Castor  oil,  and  ito  acids,  967. 

Catalytic  agenU,  196, 723. 

Catalysis  or  decomposition  by  contact,  195, 

72;J. 
CatalyUc  force  expUincd,  195,  196  et  teq. 
Catechin,  943. 
Catechu,  943. 
Caustic  potash,  965,  989. 
Cedriret,  841. 
Celestine,  490. 
Cement,  Roman,  494. 
Centaurium  minorius,  726. 
Cerebricadd,  1067. 
Cerium,  formiate  of,  830. 
Ceruse  or  white  lead,  591. 
Cetyl  series  of  compounds,  879. 

—  hydrate  of  oxide  of,  879. 
Cevadic  acid,  955. 
Chobasie,  mineral,  144. 

Chains,  polar,  repulsed  by  each  other,  20\ 

See. 
Charcoal,  and  its  varletiea,  299,  et  teq, 

—  crystalJine  forms  of,  130. 
CheUdonine,  9;'4,  982. 
Chemical  affinity,  179,  e/sr?. 

—  nomenclature  and  notation:    Table  i, 
94.    Table  11,95.    Table  iU,  96. 

—  terms,  comparison  of  tome  old  and  new, 
161. 

—  theory,  179. 

—  types7l6,  722,  e/seg. 

—  pneumatic.  70.  &c. 
Chimuclay  or  kaolin,  520. 
Chloracetic  acid,  731,  790. 

Chloral,  a  fluid  oleagiuoua  liquid,  789. 

—  hydrate  of,  789. 

—  insoluble,  789. 

—  mesitic,  798. 
Chloranile.919. 
Chlorhydric  acid,  862. 
Chlorides.  361.  659,  821, 832. 

{»ee  the  substances  and  metals  nomliMi' 

«m.] 
Chlorimetry,  experiments  in,  502. 
Chlorine,  a  simple  substance,  354,  502.  Its 

class  and  affinities,  355.      Procesc  for  Its 

preparation,  367. 

—  Its  compounds  with  other  elements,  99, 
9«6. 

—  its  classification  with  iodine,  bromine 
and  fluorine,  145. 

—  properties  of,  359. 

—  luies  of,  360. 

—  its  action  upon  ethyl,  acetyl  and  their 
compounds,  786. 

—  its  action  upon  oxide,  and  upon  chlo  • 
ride  of  methyl,  834.  835. 

—  its  substitution  for  hydro^n,  716,  718. 
Chlorisatin.  736.  91H.    BichlorisaUo,  918. 
Chlorisatinic  acid,  736,  918. 
Chlorisatyde,  918.    Bichlorisatyde,  919. 
Chloroid.  the  term,  216. 
Chloromenthene,  tt)7. 
Cbloronaphtalese,  chlorhydratc  of  chloio- 

naphtalase,  &c.  843. 
Chlorophyl.  907. 
Chlorosalicylimide,  736. 
Chlorous  attraction,  204. 

—  or  negative  elements,  729. 
der,  731. 


Their  or- 


Chloroxalic  ether,  and  compounds  derived 

flrom  it,  720. 
Cholesterin,  1048, 1058. 
Chollc  acid,  1047. 
Cholinic  acid,  1048. 
Chondrin,  1039. 
Chromate  of  lead,  614. 

—  the  Bubchromate  of  lead,  614. 

—  of  silver,  614. 

—  of  magnesia,  615. 

—  of  soda,  614. 

—  of  potash,  618. 

—  the  yellow,  613. 

—  the  red,  613. 

—  the  terchromate,  614. 
Chrome  alum,  519,  611. 
Chrome  iron.  612. 
Chrome  yellow,  614. 
Chromic  acid,  612. 
Chromium,  of  608,  e/seg. 

—  oxide  of,  138,  609. 

—  the  hydrated  oxide.  610. 

—  sesquisulphuret  of,  610. 

—  sesquichloride  of,  610. 

—  sesquicyanlde  of,  991. 

—  sulphate  of,  611. 

—  oxalate  of  potash  and,  611. 

—  terfluoride  of,  615. 

—  salts  of  the  oxide  of,  143. 
Chronometers,  balance-wheel  of,  5. 
Chryseoe,841. 

Chrysoberyl.  526. 

Chyle  and  chyme,  1044, 1045. 

Cinchona,  bark  ot,  979. 

CInchonine,  974.  979. 

Cinnabar,  151,  654. 

Cinnamic  acid,  867. 

Cinnamon,  oil  or  essence  of,  and  bodies  de- 

rived  from  it,  866. 
Clnuamyl,  and  its  Mrict  of  compounds, 

866. 
Citrates  of  silver,  copper,  lead,  9k.  945. 
Citric  acid,  its  decomposiUon  by  heat,  712. 

—  products  of  its  decomposition,  944. 
Classification  of  elementary  bodies,    14^ 

etteq. 
Clay,  varieties  of;   silicates  of  alumina,. 

519. 
Climates  273,  et  $eq. 
Clouds,  colours  of  tlie,  274. 

—  origin  of,  276. 
Cloves,  oil  of,  89. 

Coal,  producU  of  the  distiUatioo  of,  via: 
leucol,  pyrrol,  naphtaline^  &c.  841. 

—  gas,  715. 

—  caking,  715. 

—  cannel,  715. 

—  wood,  711. 
Coal  gas,  75. 
Cobalt,  of,  567, 

—  the  oxide  saffre,  567. 

—  protoxide,  phosphate,  &c.of,  568, 569. 

—  sulphurets  of,  570. 

—  the  cyanides  of,  991. 
CobalUcyanide  of  potassium,  991.  CobalU- 

cyanogen,  991. 
Codnic  acid,  956. 
Cocoa,  966. 
Codeine,  974,  978. 
Cohesion,  force  of,  179. 
Colchicine,  982. 
Cologne,  eau  de  885. 
Colophony,  or  resin  of  turpentine,  889. 
Colouring  matters,  neutral  912,  920,  925. 
Columbium,646. 
Combination  of  chemical  substances,  ho, 

190. 
Combination,  laws  of  chemical,  100, 120. 
Combining  proportions,  103,  107. 
Combustion,  priuciples  of,  287. 
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Ethal,  Mricic,  957. 

—  veratric,  »56. 
Etherine.  791. 
Ethers,  theory  of,  178. 
Ethyl,  760. 

—  leried  of  compoundB  of,  760  et  teq. 

—  cyanide  of,  7«J. 

—  hydrated  oxide  of,  760. 

—  oxide  of,  7^. 

—  chloride  of,  766. 

—  bromide  of,  766. 

—  hippurate  of  oxide  of,  777. 

—  iodide  of,  766. 

—  the  suiphureta  of,  766,  et  »eq. 

—  benioate  of  oxide  of,  777. 

—  bisulphuret  of,  768. 

—  bicyanurate  of  oxide  of,  777, 

—  seleniuret  of,  768. 

—  telluret  of,  768. 

—  salts  of  oxide  of,  768. 

—  acid  sulphate  of  oxide  of,  760. 

—  acid  phosphate  of,  774. 

—  sulphates,  arseniate,  carbonate,  and  ni- 
trate of  its  oxide  with  rarioas  substan- 
ces, 774. 

—  protochlorinated  chloride  of,  784. 

—  relation  between  the  series  of  ammo- 
nium and,  803.    Tables  805  to  807,  812. 

Ethyl,  sulphocarbonate  of  oxide  of  ethyl 
and  water,  777. 

—  transformations  of  the  bodies  contain- 
ing, 778. 

—  sulphate  of  oxide  of,  and  of  etherole, 
778. 

—  acetate  of  oxide  of.  785. 

—  products  of  the  action  of  chlorine,  bro- 
mine and  iodine  upon,  786. 

—  oxTchloride  of,  786. 
Eurhrone,  and  euchronic  add,  936. 
Euclase,  a  silicate,  526. 
Eudiometer,  Ure's,  278,  279. 
Eupion,  839. 

Evaporation,  463,  977,  984. 
Evaporation  in  vacuo,  61. 
Excrements,  1049. 
Expansion  of  solids,  2. 

—  of  liquids,  6. 
Extractive  matter,  713. 

Eye,  of  the,   1058.    Its    aqueous  and   vi- 
treous humours,  cornea,  crystalline  lens, 
fi^rmentum    nigrum,    and    acelerotica, 
058. 

Fahlene,  668. 

—  formula  of  its  compotition,  668. 
Fat  aud  suet,  958,  1017,  1056. 
Feathers,  constituents  and  material  pro- 
perties of,  1042. 

Fecnla,  737. 

Felspar.  520. 

Fellinic  acid,  1047. 

Fermentation,  196,  738,  783,  809»  817. 

—  of  sugar.  749,  760. 

—  by  yeast,  743,  746, 757, 760. 

—  acetous,  783. 

—  vinous.  760. 

—  of  vegetable  juices,  760,  800. 
Fermentations,  lactic  and  viscous,  808  ei 

aeq. 
Ferments,  action  of.  723. 
Ferric  oxide,  560. 
Ferrocyanic  acid,  733,  990. 
Ferrocyanides  of  copper,  hydrogen,  potas- 

siiun,    and  those  denominated   double. 

91K),?/#M. 
Ferrocyanides,  the.  990. 
Ferroso- ferric  sulphate,  566. 
Fibrin  vegetable,  1019,  1020, 1024. 

animal,  1056. 

Flame  of  coal  gas,  424. 


Flint  glass,  8. 

Fluidity  as  an  effect  of  heat,  89. 

Fluids  secreted  and  subservient  to  digca- 

Uon,  1043. 
Fluor  spar,  405. 
Fluoride  of  silicon,  399. 

of  boron,  399. 

Fluoride  of  aluminum,  514. 
Fluorine,  specific  gravity  of,  136. 
>Iuorine,  of.  394. 
FluosUisic  acid,  399. 
Fluoboric  acid,  398. 
Formiates  of  ammonia,  830. 

of  barytes,  t«0. 

of  oxide  of  ethyl,  820. 

of  cerium,  830. 

of  lead,  831. 

of  oxide  of  methyl,  829. 

of  potash,  830. 

of  soda,  829, 830. 

of  alumina,  830. 

of  silver,  831. 

Formiates,  the,  829. 

of  suboxide  and  oxide  of  mercury.  831. 

of  manganese,  iron,  sine,  cadmium, 

niclcel,  cobalt  and  copper,  8S0. 
Formic  acid,  obtained  ftt>m  red  aats,  827, 

et  aeq. 

ether,  820. 

Formyl,  series  of  compounds,  826,  et  »eq. 
compounds  of,  with  chlorine,  bromine 

and  iodine,  832. 
chloride,  bichloride   and  perchloride 

of,  832,  et  aeo. 

perbromide  and  periodide  of,  883. 

sulphuret  of,  834. 

Fousel  oil.  811,813. 

Freezing  of  water  by  its  own  evaporation, 

62. 
Friction,  phenomena  of  electricity  by,  225. 
Frost,  37,  see  Ice. 
Fruit,  sugar  and  acids  of,  752,  951. 
Fucus  palmatus,  383. 
Fumaramide,  953. 
Fumaric  acid,  952. 

ether,  953. 

Fumigation  by  nitric  add,  298. 
Fulminating  ammoniaret  of  silver,  668. 
Fuiminic  add,  168,  995. 


GadoUnite,  the  mineral,  153. 
Gahnite,  an  aluminate  of  slue,  618. 
Galipot,  891. 
Gallic  adds,  939  to  043. 
Galvanometer,  with  an  engraving,  2¥k 
Gases,  the  liquifiable,  78. 

diffusion  of,  60. 

rushing  of,  into  a  vacuum,  75. 

their  passage  through  membranea,  76. 

the  permanent,  66. 

specific  gravities  of  the,  130. 

Gaseous  bodies,  Table  I  of  their  spedfic 

gravities,  133.    Table  II  and  symbolic 

formulae  of  the  same,  134. 
Gaseous  state,  relation  between  the  atomic 

wdghu  and  vohimcs  of  bodies  in  the, 

126. 
Gastric  Juice,  )U  agency,  1044. 
Gaylussite,  497. 
Gelatin,  the  basis  of  glue,  sixe  and  animal 

felly,  1036.    Producta  of  its   alteration 

and  decomposition,  1038. 

sugar,  or  glydcoll,  1030. 

German  silver  or  packfoug,  573. 
Glass,  of.  155.  480. 

composition  of  the  varieties  of,  48b 

expansion  of,  3,  5. 

unequal  expansion  by  heat  of  plate,  5. 

white  Bohemian,  69i). 
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Iron,  cast,  649. 

black  or  magneUc  oxide  of,  M3. 

alum,  519. 

bar  posflcsslng   miffnetlsni,  iti   po- 

larized  condition,  &c.,  202. 

unequal  expansion  of  cast,  6. 

clamps,  atmospheric  effects  on,  4. 

wire,  2. 

arseniates  of,  636. 

peroxide  of,  an  antidote  for  araeidc, 

636. 

benzoate  and  succinate  of  peroxide  of, 

566. 

cyanide  of,  984. 

carbonate  of,  its  formation,  6&8. 

ferrocyanlde  of  potassium  and,  567, 

984,987. 

ferricyanide  of,  857. 

lactate  of  protoxide  of  811. 

percompounds  of,  660. 

perchloride  of,  663. 

percyaiiide  or  sesqolcjanlde  of,  668. 

periodide  of,  663. 

pernitrate  of,  666. 

peroxalate  of,  566. 

peroxide  of,  666,  940. 

the  persulphates  of,  665. 

protacetate  of,  660. 

protocompounds  of,  666. 

protoxide  of,  666, 

protoeulphnret  of,  666, 

protochlorlde  of,  566. 

proUodide  of,  566. 

protocyanlde  of,  656,  990. 

protonitrate  of,  669. 

solid  protosalta  of,  288. 

sesquiferrocyanide,  664,  990. 

sulphate  of,  658. 

scsquisulphuret  of,  662. 

Isomerism,  of,  155,  et  $eq. 

Isomorphism,  doctrine  of,  136,  et  teg.  Ob« 
Jectlons  to  the  principles  of  188. 

Isomorphous  relations  of  elementary  sub- 
stances, 142  et  aeq, 

Isomorphous  elements,  148. 

Jerrine.  975,  981. 
Jewellers*  putty,  604. 
Junipers,  oU  of,  892. 

Kaolin,  520,  522  et  eeq. 
Kelp,  383. 

—  produces  the  iodine  ley,  884. 
Kennes  mineral,  638. 

Kinates  of  silver,  copper,  lead,  and  lime, 

U53,  954. 
Kinic  acid.  963,  954. 
KinoTle,  964. 

LacUte  of  barytce,  810. 

—  ofUme,808,810. 

—  of  magnesia,  811. 

—  of  urea,  811. 

—  of  alumina,  lead,  mercury  and  nickel, 
811. 

—  of  soda,  potash  and  ammonia,  810. 

—  of  stlrer  and  protoxide  of  iron,  811. 
Lactic  and  ▼iscousfermentations  808e/M9. 

—  acid,  808. 
LacUne,  756. 

Lake,  the  colour,  927. 

Lavender  water,  886. 

Leaves,  pure  oxygen  gas  emitted  by,  281. 

Lead,  585. 

—  suboxide  of,  687. 

—  protoxide  of,  5«7. 

—  oxide  of,  169.  5»8. 

—  peroxide  of  688. 

—  red  (miulum),  588. 

—  protosulphuret  of,  689. 

—  chloride  of  590. 


Lead,  iodide  of,  690. 

—  cyanides  of,  690,  990. 

—  whitecarbonateof,  691. 
~  formlateof,  830. 

—  sulphate  of,  692. 

—  silicate  of,  152. 

—  insoluble  seleniate  of,  888. 
~  nitrate  of,  592. 

—  the  bibasic  nitrate,  698.    Tribasic,  698. 
Sexbasic  nitrate  of,  698. 

»  the  nitrites  of,  693. 

—  the  various  aceUtes  of  694,  696. 

—  alloys  of  tin  and,  695. 

—  silver  contained  In,  696. 

Leather,  various  chemical  treatments  of, 
1037. 

—  tawed,  wash,  and  curried,  1087. 
Leconorin,  924. 

Legumin,  or  vegetable  caaein,  912, 1020. 
Lemons,  oil  of,  891. 
Leudn,  1027. 
Leudte,  520. 
Leucol,  841. 
Lichen  starch,  747. 
Lichens,  properties  of,  920,  032. 
Light,  mechanical  properties  of.  88.   Com- 
mon light,  89.    Poljrixed  light,  89. 
Light,  reflection  and  polarisation  of,  274. 
Lignin  or  woody  fibre,  763. 

—  basis  of,  768. 

—  combines  with  neutral  salts,  769. 
Lignln-sulphuric  add,  769. 
Llgnone,  836. 

Lime  uncomblned,  or  quicklime,  491. 

—  acetate  of,  786. 

—  carbonate  of,  401, 496. 

—  hydrate  of,  492, 499. 

—  sulphate  of,  492,  497. 

—  oxaUte  of,  495, 932, 988. 

—  hyposulphite  of,  497. 

—  double  carbonate  of  soda  and,  497. 

—  neutral  salt  of,  496,  948. 

—  lactate  of,  806. 

—  nitrate  of,  498. 

—  phosphates  of,  498. 

—  chloride  of,  bleaching  powder,  498. 

—  constitution  of  the  chloride,  600. 

—  its  carbonate  dimorphous,  139. 

—  carbonates  of,  characterised,  143. 

—  iodate  of,  391. 

—  tartrate  of,  947. 
Limestone,  491,  493. 
Limestone,  magneslan,  506. 
Liquation,  599. 

Liquefaction,   intermediate  condition  at, 

39. 
Liquefied  gases,  6. 
Liquids,  expansion  of,  6. 

—  produced  by  the  condensation  of  gases, 
6. 

—  boiling  point  of,  47. 
Liquorice  sugar,  757. 

Litnia,  its  hydrate,  sulphate,  phosphatet 

carbonate  and  chloride,  484. 
Lithia  and  alumina,  silicates  of,  621 . 
Uthium,  483. 

—  oxide  and  chloride  of,  484. 
Litmus,  920,  923,    A  re-agent,  934 
Logwood,  its  use  in  dyeing,  928  et  aeq. 
Luminous  phenomena  of  salts,  &c.  153. 
Lymph,  1050. 

Magistery  of  bismuth,  693. 
Magnesia,  preparations  of,  604. 

—  alba,  the  subcarbonate,   of  pharmacy, 
605. 

—  carbonate  of,  604. 

—  the  sulphates  of,  506,  607. 

—  nitrate  of,  507. 

—  borate  of,  508.  • 

—  silicates  of,  609. 


INDEX. 


1083 


Molybdenuif),  147,  etO, 

o^dea  Qf,  ni%  B20. 

clUuiidet  of,  622, 

Halybdic  acid*  G'JU 

oxide,  en. 

Molybdoat  o^ide^  620. 

MoTpbltie  or  morptlft,  fl72,  974,  976, 

Uorliir,  hydruullc*  4^1,  484. 
Moftalc  gold  of  the  alchemists,  009. 
iludc  Juld,  7^^. 
.  modified,  75«. 

Huriatlc  tu^d,  ^\  ^2. 


-  proda  far^  803. 


Muflhroom  sngiir,  766. 
ftfurvxftn,  1 010. 

Mucus,  pus,  and  purulent  matters,  lOoO. 
Muscle,  animal,  1056. 

Naptba,  naptbenft  and  niipthol,  846,  847. 

N*ish inline,  M4U  ri42. 

Napt)liil(n.hypoiulphuric  add*  &C.,  843. 

KarcfSne,  l*"'!^ 

Narcotine,  974,  977. 

Natrium,  461. 

Natrolite,  ."tSL 

Ncrrw  of  iinSma^t,  tCDdonB,  UgamenUand 

canlLagva,  llM»3. 
Klckel,  >■  >n  iiUoy  aObrdt  imitations  of 

sliver,  07  UflJ.t. 
» ^  lUi  chaUdcteHitlo,  <S71. 

(Hi!de  of,  471*.  _ 

— — .  prutuxlde  of,  573. 

cartionate,  nitraie  of,  472. 

--■^      jieroxide  of,  S?'-!* 

pftitDRulpburet  of.  &7!L 

,M.m     subiulphuret  of,  3^73^, 

clii  mdt"  ^if,  ^?». 

sulphate  of,  573. 

Nicotine,  983. 
Nitrate  of  silTer.  633. 
NltnLti'i  of  copper,  liUS. 
- — --  of  jna^«»!D,  2yiS, 
— —  of  mtrcurj.',  *^3,  563. 

of  pataih,  2^ 

-«^  the  Bubiiltraies  defined,  296. 

of  certain  elemtnU,  143. 

NHr*  In  certain  carttu,  293. 
NItrie  (tcld  2?«i  to  2»ii. 

ftt     acl^ack    on    margaric    and 
mcaric  9x\A%,  ^^.  ^^^ 

Kltrlc  oclde,  preparatkiti  of  this  gas,  286. 

properties  of,  287. 

NUritcuRilde,  ^7, 

Nitropeti,  25!».    Fi«e  atmospheric,  1014. 
. — '  ita  clAflB  14^. 

eiUmftUon  In  OTfanlc  analysis,  704, 

7CK5. 

deuto*!de  of,  2B6. 

peroside  oftJ?Jl>. 

Nlinjimpbdehycle.  H44* 
Kilfunaphtnllc  ftcid,  ^41. 
NltruDftptitaMde,  844. 
KitrGtinphtnHu,  8-14. 
Nilroii»  lit  id,  14(5,  38S, 

-  oxide,  a^. 

ita  preparation,  288. 

its  properties,  284. 

Nomenclature  and  noUtlon,  chemical,  94, 

854. 
Nutmegs,  oily  add  of,  966. 
Nux  vomica,  980. 

Odoriferous     principles   of     planU    and 
flowers,  282. 


(Enanthk  odd,  ^17.  BI8. 

ether,  7l«*  1^17.  , 

Oils  of  «il«,  SSM* 

of  bergamotte,  i?^. 

■         of  earrnwTiy*,  Ji^. 

oO'i-'it,  '"^^- 

of  cloves  894. 

«—  of  copaiba,  892. 

of  cubebs,  893. 

of  cummin,  896. 

ofelami,893. 

—  u\   initxt  leiin.*;!,  H95. 

of  juoipers,  HdTi. 

^t  hyntip,  J^Uft. 

. .   ■.■  laurel  ^turpentine  898. 
■  of  lemonit  H1*l- 

of  pepper,  898. 

of  peppermint,  897. 

of  savin,  892. 

of  storaz,  893. 

of  turpentine,  885. 

Uvender,  897. 

— •  castor,  967. 

of  cedar,  soUd,  897. 

of  cluunomile,  898. 

of  roses,  898. 

of  valerian.  898. 

of  mentha  viridis,  898. 

^—  of  rue,  898. 

ui  i.iu^uraK  volatile  SOI, 

of   grain -aplrlU  or    feusd    oil,    and 

bodie*  tlerived  from  U,  ^W. 

of  stitf,  artlBclal,  ri3l- 

of  poUtoe*.  726,  «12,  «13, 

■  -  ■  ufeitn,  t^. 

—  voltttlle  of  almond*,  71*,  735,  862. 

of  « ine,  >wecl  or  heivy,  17\i. 

of  iftiiiea,  ethereal,  Hi  J* 

Troni  miti6i  of   croton  tiglium,    &c., 

956. 

of  spiraea.  736. 

iyllt«,  eU7. 

eiMO  Ual ,  H83. 

those  containing  no  oxygen,  886. 

those  containing  oxygen,  893. 

those  containing  sulphur,  901. 

Dildi   formed   by    aidphuric  add  on 

the  fat,  mA. 

'  fiMd,  fi,  9SH. 

iweel  pflndple*  of,  )i77. 

Tolfttiie,  mSt  ^t  urf/.  J»4. 

Oily  ndda,  UM.  056>  tfB^,  «<  «7.        ^    . 

Oleatea  965-    Of  pntAibi  soda,  lead,  &c., 
965. 

01e£ne,969.  .... 

Oleic  add  969 ;  and  ^ds  reUttng  to  it. 
964  967. 

Olefiant  gas,  426,  718.    Its  type  781. 

Oleine,  1067. 

Oleophosphoric  add,  1067. 

Olive  od,  9&tt. 

—^  them  leal  ba«s  of  the  white  poppy, 

&c.,  Iri7,  »73,  S»76 
Otitic  i,  oft  Hirt, 
Oiceln  of  archil,  922. 
Ortln  tKfl,  IrtS- 
OriTMiit  Chemistry,  preliminary  obsenra- 

compounds,  molecular  theory  of,  7J9. 

radicals,  988.  _       ^  ^ 

substances,    definition,  697.      Thw 

composition  and  analysis,  698.    Trans- 

formation  of,  728. 

acids,  946. 

analysis,  699. 

bases  970,  975. 

compounds,  artifldal  processes  pro- 

dudng  modifications  of,  708. 
processes  of  plants  and  animals,  lOU. 


Oamium,  «al ,  rt  gaq.  

cbturiclt-^  und  oxtdei  oi  m^U  im* 

Ox«llc  niid,  »31. 

< ether,  tuid  cOEnpoomb  dcilTcd  tnm 

Osmnilde.4n. 
Oxlchloridei*  303, 
Oxide*  of  antinioay,  6S7« 

—  fcrmus,  6^&. 

of  hydrogen,  08. 

of  mercury,  tbrmlikte  of  tb«  aobuidde 

— —  molfbdlc,  6^0. 
"^ —  roolybdoiiM,  G^fO, 

aitric»  2W«. 

uitrouB,  283. 

-^-  of  poUukitum,  143. 

rUnnJc,  6^1. 

— ^-  stonnouA,  tkHI. 

protoxkle,  detitoxlde»  peroxide,  wea- 

quioxidc,  tritoxlde  nod  luboxlde,  de&ned 

m. 

' composition  of.  i07» 

^of  c'LhyL  In   the  form    of   milphatei 

urveniEitLv  nitrate,  (irbonate  Ike,  with 

other  subataiices,  774,  77A'. 

(*,«  For  many  of  the  UxJdet  see  the 
metals,  Jkc,  nomtnatim.} 
Ox-hUe,  1045. 
Oxygen,  142. 
- —  Itji  ciswi.  142. 

-  binary  compound*  of,  100. 

ftcld  lalU  1«7,  17% 

ftffinity  of  metaU  for,  1 8»i. 

abKirptioti  of,  Uy  alcohol,  71S, 

" — '  mul  nitrogen  of  attnospherfc  iilr,  27U. 

action  of  free.  712. 

Oxygeoated  water,  1&9. 

Palnla, «««  colouring  matters. 
FjUlAillum,  the  nt>etKt,  tiHB. 

protoxide.  *tc,,  of,  6h7. 

idtrate,   peroxide,  and  bkblorlds  ol^ 

PaJladoiit  compouBda,  067. 
Falm  oil,  it^C, 
Palnjltlc  ncid,  957. 
Palmlline,  ^7. 

Pamrt-ailc  jutce,  Ita  actnc?',  1044. 
Paimver  Bomiilferum,  1137, 1*74, 1*70. 
Paracyaijoiircn,  BH*. 
Paraflin.  &W», 
Paramorphinc,  D/tii. 
PoratiaphtalLue,  84f$, 
Pai-alartarlc  or  mcvmlc  neUU  0!tO. 
PiLmtartralei,  talta  denomluciled,  V&O. 
Pf'ctin,  of,  f^l. 
Pen  du  him  rotl  of  clocks,  3. 
Periote  (olivine  or  chryiolyte),  *09. 
Peroxide  of  iron,  .'j-fiD. 
iVroxIdes  of  metals,  1,'W,  ]hA> 
Peraulphnte«   of   Iron,   &t»5.      Double  per- 
sulphate  of  IroD  aad  aulphaie  of  polaab, 

Penirlan  bark.  079. 

Peraplratloti^  humaii«  lOiM. 

Pcptiii^  ii  peculiar  anjimjil  prliMxpk,  tOQO, 

' Mcetate  of,  1U32. 

bydrochlorate  of,  1032. 

Petallie,  621. 

Petrlfftcrtonn,  calcareous,  41*7. 

Phlorelk  acid,  t*7ii. 

PhloryJm,  tiTK. 

Phlorldiiii  and  Ihe  bodies  dthnd  (Mb  It, 

Pblo'ri«#Jn,  875. 


FtKMplUites,  see    the  various   soli 


PbiMp^te*,  iribasfc*  t<IK    Earthy,  l0t4.J 
Phoaphoreflcent    Ughl    of    cvnilu     ~ 

«tJL>iC««,  74H. 
Phoapboric  ai-td,  1A7.  34<>. 

r brdratea  of.  *4rt,  7», 

hofphAroiie  afKlhyp^^'phoaphoiviaaa 

34Z. 
Pboftpborat,  lla  elaiih  t4ft. 

Ita  propertica.  940. 

eaacDtial  to  antioal  OfginlaillfMi, 

—  lla  preparation,  330. 

oxidation  of.  341. 

oxides  of  M2,  MS. 

vapoiir,  IJifr. 

Phoephurctted  hydrog^,  4JCi»  IM^ 

Mchloride  of  tin  aod,  0Qft. 

Plcatnar.  H40, 

Plcro*ml»e,  .'•Oa. 

Picrotoxin,  i^lO. 

Plcromd,  or  lugar  In  btle,  104&. 

Pigtnenta,  *p«  Co/oimi. 

Pipe  day,  aW. 

Piperin,  iiiW. 

PitUcai.  >i4<». 

Plant*.  onUuary  cnnatibicntaof  a^f,  lAll. 
(«nillle«  of  jmd  paitknUr,  thHr  coai 

stltueuta,  9(^,  rf  Acv^  If)  12. 
neutral  prlnclplea  pinrullar  lo 

908.   Food  of.  loL'. 

See  Vegeto- alkalies, 
Ptaaler  of  Parii.  VjT. 
Platlnk  oxide,  G84. 
PlattjJocyatUc  acid,  991. 
PUtlnocyanlde  of  hydtogen,  9SH. 
Platinous  lodidcf  and  «yanld««,  om, 
Platiuuro,  lla  expanaloo   uniform.  ?»  4^  ef 

pantim. 

Ita  deriratiob  from  jUttitt  tUver*  fiMI. 

Itj  propertlesp  6t»l , 

' chlorides  and  protochloHdcs  oC 

'——  action  of  ■pongy,  18&. 
black  pMH.fifr  -r,  f«l. 

bh^  M. 

oxt: 

j>eri 

Platinum,   liiirai'. 

re«ln  of.  TTC, 

—  «UlpL 

Flumbaif: 

PlQflibnf 

cr> 

Plum  ho  i  .1,  143.A*«, 

Pueutnui  i'-%r2,  Ar. 

PneuiiiulKA.   uV's'jrvatlioita  regiirdiJig^ 

niintry  and,  70, 75. 
PolBoiM,  niini^rul.  CS'J,  f^,  SM«i,  rl p^mtim 

vegetable,  J»H»j.  IWl.  i«3,    ^ 

'  of  IIJ -cured  meat,  727, 

Polarity,  dot-lrhie  of,  200. 
^-^  and  Induction,    the 

Porartsatlon  of  light,  274. 
Polri  and  axis  of  tbe  eafUl,  17** 

of  the    polar    almoaphefle  alewa,  XTV 

276. 
PolyUaalte,  6®, 
Polycbrvnit.  ft)l, 
Poppy,  the.  9S17,  V7*,  976. 
Populln,  911. 
Porcelain.  sub«tance«  n««t  In  tbe  iwawnfiM^ 

t<tr.    .f.  '.'t     l»re*deiJ.  A3"i,    S«vfe»,  4S1. 
.  522.     BerUn*  &2X. 

P  ru. 

Pi. I     ^ 

Fola-vli,  ki"  rriitituiis  itiili  other  i 


;  UtlnlcuxMea, <HI. 
i»f  ibe   cbloramUte  of. 
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Potash  and  ahunlna,  double  sOlcatoa  of 

6'iO,  1014. 

sulphate  of  aluminie,  and,  616. 

antinioniate  of,  641. 

and  antimony,  oxalate  and  tartrate  of, 

639. 

and  magnesia,  bicarbonate  of  506. 

croconate  and  rhodisonate  oi,  984. 

yellow  chromate  of,  618. 

bichromate  of,  or  red  chronate,  613. 

birhromate  of  chloride  of,  613. 

hydrate  of  444,  736. 

hypermanganate  of,  14ft. 

nitrate  of,  2J#fi. 

oxalate  of,  932. 

red  prutslate  of,  502. 

neutral  tellurate  of,  625. 

bitellurite  of,  625. 

bistearate  of,  960. 

tungstate  of,  618. 

Potassium,  489. 

its  class,  143. 

bichloride  of  tin,  and,  605. 

ferrocyanlde  of,  557,  984,  9S7, 

ferricyanide  of,  783. 

oxalate,    &c.,  of  chromium,   610, 

611. 
protochloride  of  tia  and  601. 

Potato  starch,  752. 

Potatoes,  oil  of,  726, 813. 

sulanine  from,  9M. 

It  becomes  add  In  contact 

uith  air.  815. 

Potter's  clay,  524. 

Protein,  modiflcatlona  of,  1023. 

formula,  &c.  of,  1026. 

Protoxides  of  elementary  bodies,  142. 

Prussian  blue,  508,  564,  988,  990. 

PrussiaUs,  984. 

Pnissic  acid,  986. 

antidotes  for,  986. 

Pseudo-morphine,  976,  979. 

Pteleyl,  nitrate  of  oxide  of,  798. 

chloride  of  799. 

Pumice,  494. 

Purple  of  Caasius,  677. 

Putrefaction  of  meat,  727. 

Puzzolano,  494. 

Pyriilloiite,  509. 

Pynimide,  986. 

Pyrene,  841. 

Pyroaicetlc  spirit,  795. 

Pyrogaliate  of  lead,  942. 

Pyrogallic  add,  942. 

Pyrophorus,  517. 

Pyrotartaric  adds,  liquid  and  aolld,  949. 

Pyroxene,  509. 

Pyroxylic  spirit,  820. 

Pyrrol,  841. 

Querdtrin,  yellow  dye,  930. 
Querdtroniir  acid,  981. 
Quinic  acid.  953. 
Quinine,  972,  974,  979. 

sulphate  and  subtulphate,  &c.,  of 

979. 
Quinquina  bark,  983. 

Radiation  of  solar  heat.  38,  274. 

the  cause  of  dews,  276. 

Radicals,  the  term,  160,  161. 

Rain,  causes  of  clouds,  and,  276. 

Rays,  chemical  and  de-oxidising,  98. 

Red  dyes.  925,  927,  928,  et  »eq. 

Red  lead.  5r49. 

Re<l  precipitate,  654. 

Refraction  uf  light,  89. 

Reunet.  1028. 

Resinous  varnishes,  906. 

Resius,  of,  883,  901, 


Reaplrfttlon,  Lmof.  1016  H  teq, 

effects  on  air  by,  1016. 

ReUoyleoe,  897. 
Rhodium,  the  metal,  60Sl 

chloride,  oxidea,  aolphAle  and  sol- 

phuretof,6»4,696. 

nitrate  ot,  696. 

oil  of 

Roccella  tinctoria,  920. 

Rock  salt,  463. 

Rotal  action  of  chemical  aAnlty,643,  note. 

Rouge,  the  pigment,  928. 

RutiUn,  871. 

Sabadiiline,  976. 

Saccharates  of  cine,  lead,  potash,  ammo- 
Ilia,  &c.  749,  751, 742. 

Saccharic  add,  750. 

Saccharine  subsUncea,  737,  747,  ei  »eq. 

Soochulmic  add,  764. 

SacchulB&lne,  264. 

Safflower,  928. 

Saffron  colour  and  croconle  add,  934. 

Saffron  of  antimony,  688. 

Sago,  788. 

Sal  ammoniac,  406,  413. 

Sal  gem,  463. 

Salicin  and  bodies  derived  from  Iti  decom- 
position, 869,  870. 

SsLiicyi  series  of  coropounda,  871. 

Salicylimide,  736. 

SaUcylous  add,  785, 871. 

Saline  compounds,  177. 

Saliretin,  870. 

SaUva,  of,  1044. 

Salt,  and  the  salt  radical,  defluiilona,  etc. 
163. 

common,  463,  469. 

(alum),  516. 

lis  fusion,  517. 

the  binarseniate  of  potash,  630. 

borax,  194. 

-  of  cyanogen,  984. 

Glauber's,  97,  468. 

lakea,  463. 

microcosmic,  168. 

nitre  and  saltpetre,  292. 

green    crystalline  salt  from  ammo  • 

nium  and,  6^. 

Pellgot's,  613. 

Rochdie,  102. 

of  tin,  600,  et  BBq. 

Salts,  definitiona  of  the,  101.    Of  doable 

salu,  102. 

table  of  their  solnbUitY,  182. 

liqueflictionofloeaodBOOirby,  44. 

physical  constitntlon  of  vailouai  187, 

169,  ei$eq. 

binary  conatitutlon  of,  641. 

binary  theory  of,  163. 

various  combinationa  of,  defined,  97. 

of  isoUble  radlcala,  166. 

roonobaaic,  167,  766. 

bibasic,  167. 

tribaaic,  168. 

various  double  792  to  796, 933,  989. 

denominated  subsalta,  the,  169. 

of  barytes,  489,  845,  946. 

of  barytes,  strontlan  and  lead   Iso- 

morphotts,  491,  846. 

of  chromium.  619, 666, 611,  933. 

of  copper,  683. 

of  croconic  add,  934. 

fh)m  cyanogen,  etc.  782. 

Kpsom,  46;i. 

of  ether.  768,  953. 

of  gold.  679,  962. 

Klauer*s,  518. 

of  lead,  491, 587,  750,  845,  851,  945. 

of  magnesia,  sine,  etc.  143,505. 


H                ^^^^^                 ^^^^^^^^^^B 

^m                  Salts  of  lime  ftDd  calcliiin*  401,  4^ttl, 

Sosps  of  yeifelable  oils,  HSrfSS^^^^^^H 

^H                        105. 

aods,  and  lU  loluUDni,  Ifti.  -                              ^H 

^H                    . of  marine  Actd.  f^'t^. 

araeniate  of,  187-                                        ^^M 

^^H                    < )D  mineral  nrnters,  IIM^. 

Unarseniate  of.  «aOb                                          ^ 

^H                     metiiltic,  I0ft2. 

^H                   of  pb«apbortc  acirt.  165. 

— —  the  carbonate    prepttcd  from   tU 

^H                    ofpfttaBfa  and  antimony,  etc.  ThIO. 

^m                  of  9llnr,  671  et  acq.  WS. 

■uJphttte,  471. 

bicarbonate  of,  409. 

^H                   ofsoda,4(». 

^^H                    atannlc,  000. 

felspar,  620. 

^^m                  aunnous,  fiOO* 

hydrate  of,  4fi2. 

^H  •                 «#rttrontian.  the  soluble,  489. 

—  nitrate  of.  of  S.  AnMrin,  »S. 

^m                     telluric.  024.  625, 

^m                   valeric.  816. 

^B                  • or«iae,&7&. 

^B                  SsltpetKp  293. 

lDfof,47L 

■        l:Ea^^:"^ 

-^— •■lt.4fl«. 

solu  of.  4fi6. 

^^1                  SsussMt,  cauBBB  of  pofsoo  of,  727* 

add  tnogsuie  of.  Cl«. 

^H                   Sea^water,  evaporation  of,  by  culm.  4GS, 
^H                    Sebaclc  acid,  SM^. 

Sodalite,  ML 

Sodium,  Ita  dasiiflcatioti.  14A,  406, 

^B                   ether,  vm. 

^m                 Kebatet,Wtrt, 

cUoride  of,  46S,  464. 

H                      rf«^. 

snlphnrets  of,  48S. 

^m                   SelenUtet.  ^39. 

^M                   SeleDicactd«338. 

—  Iodide  of  496. 

^m                 Selenlotii  acid.  937* 

989. 

^m                 O3iideof,3!t7. 

Sotanine.  97<V,  968. 

8«lar  rayi.  tW  e#  ^e^.  274, 

^K                  Sericic  add.  957. 

SoUd  bodies,  their  eipan*inn,  2, 

^m                   ether,  957, 

—  liquefaction,  orpartJiiliiquefylnff^r^aiL 

^m                  SeHciiie.957. 

Solubility  of  the  saJtj,  cliiMr««n.  liSL, 

^B                  Serous  UquldA,  &c.  1050. 

SoluUon  Slid  Milvent  powcn,  im. 

^H                  !!i«rp<>Dtln«.  bOO. 

Kpar,  calcjjicotis,  a. 

^H               Silica,  ai4. 

—  Iceland,  89. 

^H                 Silk«tes,:i1<i, 

Spar,  iluor,  495. 

^^m                            of  al  umloa.  5 1 9,  rf  <rf . 

SpeclAc  tnritits  of  the  gsaes,  1.10, 

of  metals,  4JI. 

^H                 of  11  Lbta  and  aluiniTi  n,  A2 1 . 

SpelM.  571. 

Sptnell.  an  slumiaste  of  ms^ncsia,  Ml. 
Spines,  oU  of,  7:iA. 

^H                 Silldc  ikdd.  I47i  SH  609. 

Spirit,  woofl.  819. 

^H                 SlUdum,  ai2. 

Spirits,  rectilied,  7fil. 

^H                 Silicon.  147. 312. 

-^ proof,  7«1. 

^B                 SUver,  <HU. 

(frain.  nil  of.  SU.    see  ateoboL 

^^^H                '           pvfen  OfW. 

Bpodnmeue.  521. 

^H                ciAt]re,67d, 

Stalactites,  th^  formatk>Q,  «I7* 

Stanaotks  oxide,  tiUO. 

^H                oiddea  »r,  <i«7,  et  se?* 

StaphUnlnc,  976- 

^H                 — scelate  of,  67.1. 

Smrch,  fecnJs  or  amyllo,  7*7,   101^. 

gelatinous,  /39. 

^H                *—  chloride  of,  i-h'j. 

fnnrttiiiHnnill    741 

^H                  ~- carhooate  of.  G7U. 

^H                —  ■iilphuretof.  C^. 

inojln.  74tf. 

—  Mchen.  747. 

^H                Iodide  of.  070. 

suipr,  752. 

-nntmtn    TVr 

^H                 —  nitrate  of,  rt7K 

«W». 

Steam,  56. 

^H               ammonto.  nitrate  of,  s  lest  Of  srsi- 

engUie,  ninstntkMM  of  tJlc,  M,  t^ 

^H                   iiloug  add,  tm. 

«ef. 

^H               oxalate  of.  <$79,  933. 

^^H               —  peroxide  of,  <573. 

^H               — —  Lt^ate  of.  « 1 1 . 

-^-^  spkiHc  gravity  of,  l*i. 

th.              ' .  i-rtaln  cotoun  mI  the                ' 

^H aUoyi  of.  67.1, 

stmoai  1                      uda^2f4t 

^H               Skin  nf  aohnalc,  of  the,  1055. 

Stearstes,                     '. 

^^H               Bkf,  blue  colour  of  the,  274. 

Stearic  at-i-[,  im^.  v..y. 

^^1               Smelting  of  d»y  Iron-atone.  647.     A  fltax, 

SteNrioe.  {ML 

^H                  547    Sloff,     KotbluBt.  &4j^. 
^H              S noMT.  Its  lo rrn  a  t  loo.  277. 

Steatite,  &0U. 

Steel,  conrerslnn  of  iron  iulu.  fnil. 

^H              bquetactionof  by  h1U»44. 

Sillbite,  luarods,  5:^1. 

^^              boapaiune,  ^^U. 

Stoneware,  524. 

» 

J 
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Stonewsre,  pink  colour  of,  609. 
Strontian,  strontla  or  strontitet,  489. 

ciu-bonat«,  tulphate,  hypotolphite, 

and  nitrate  of.  490,  491. 
StronUanite,  490. 
Stroniium,  489. 

peroxide  of,  490. 

chloride  of,  490. 

Strychnine  or  strychnia,  976,  980. 
Stucco,  its  composition  4Sf7. 
Sul>ericacid,769,  9rO. 

Subnitrates  poaseaalng  exceaa  of  metallic 

oxide,  296. 
Subsalu,  account  of  the  109,  784. 
Subatancea,  simple,  97. 
Substitution,  191,  716. 
Succinate  of  peroxide  of  iron,  566. 

of  ammonia,  etc.  964. 

Succinic  acid,  963. 
Suet,  958. 

Sugar  of.  169.  747,  1015. 
cane,  747. 

luaf  and  muacorado,  747,  748. 

compound  of  litne  and,  749. 

■  compound   of  oxide  of   lead  and, 

750. 

candy,  747,  750. 

compound  of  chloride  of  aodltun 

and,  /.'iO. 

grape.  752. 

of  fruits.  752. 

diabetic.  752. 

compounds  of  grape,  754. 

lusipid,  757. 

liquorice,  757. 

manna,  or  mannlte,  757. 

melted.  4A. 

of  miilc,  755,   1052. 

starch,  760. 

products  of  the  fermentation   of, 

760  rt  acq. 
Sulphamide,  408. 
Sulphates,  the  term  defined,  137, 828. 

of  copper.  V66, 

ferrous.  558. 

acid,  of  oxide  of  ethyl  (and  water), 

769 

of  lime  and  soda,  double,  788. 

the  magnesian,  167. 

and  bisulphate  of  morphia,  976. 

neutral,  164. 

of  strontian,  489. 

Sulphatoxlde,  the  term,  161. 
Sulphobenzic  acid,  7;j6. 
Sulphocyanogen  733. 
Sulphatoxygeo,  the  term,  161. 
Sulpholeic  acid,  968. 
Suiphomargaric  acid,  968. 
Sulphonaphtalide,  843. 
Sulphonaphtaline,  843. 
Sulphosaccbaric  add,  754. 
Sulphur,  316. 

its  cUiSB,  142. 

acids,  the,  101. 

bases,  142. 

crystalline  forma  of,  139,  151. 

Sulphuret,  ferric,  562. 

of  potassium,  142. 

Sulphurets,  composition  of,  108. 
Sulphuretted  hydrogen,  330. 
Sulphuretted  sulphites,  330. 
Sulphuric  acid,  322. 

affinities.  &c.  186. 

hydrates  of,  327. 

its  action  on  the  fkt  oils,  968. 

Sulphurous  acid  gas,  68,  319. 736. 

Suu's  heat  on  the  surtace  of  the  earth.  88. 

what  termed  chemical  rays  of  the, 

93. 

Symbols  of  chemical  elementf,  94  to  96, 

103. 
Synaptaae  of,  863. 


Tan,  ley  of  the  tannert,  809. 

Tannates,  the;   of  antlmonY,  aramoaia, 

potash,  and  of  peroxide  of  Iron,  940. 
Tannic  acid,  988. 
Tannin,  938,  940. 
Tannogelatin,  940. 
Tantalic  oxide,  647. 
Tantalum,  646. 
Tapioca,  788. 
Tar,  producta  of  the  diatUlattoa  of  wood 

contained  in,  838. 
Tartar,  cream  of,  947. 
Tartaric  and  paratartaric  acids,  and  the 

products  of  their  decomposition,  946  el 

aeq. 
Tartralic  and  tartrellc  acids,  949. 
IWtrate  of  potash  and  iron,  560. 
Tartrates,  iM7  j    see   Tarious   substances, 

nominatim. 
Taurin,  how  prepared,  1045, 1047. 
Telluretted  hydnigen,  626. 
Telluric  acid,  625.  AlphateUuric  add,  625. 
TeUurites,  625. 
TeUurium,  142,622. 
suJphurets  of,  636.     Chlorides  of, 

626. 
Teilurous  add,  628.     Alphatellnnras  add, 

624. 
Temperature,  effects  of  changes  of,  S,  6, 

&c. 
of  the  atmosphere,  378  ei  teg. 

equilibrium  of;  35. 

Teat  add,  467,  468. 

paper,  468, 

Teeth,  of  the,  1056. 
Thebaine,977,979. 
Thermometer,  the,  3  ei  eeq, 

by  Breguet,  6. 

Thermo-muttiplier,  the,  83. 

Thorina,  527. 

Thorite,  526. 

Thorium,  143, 536. 

Hn,  general  account  of,  699. 

■        mines,  599. 

stream,  599. 

grain,  599. 

block  or  ordinary,  599. 

-  properties  of  pure,  600. 
stone,  crysUlsof.OOS. 

bichloride  of,  603, 604.     Of  ammonia 

and,  605,  etc 

bisulphuret  of,  604, 606. 

carbonate  of,  602. 

deutoxide  of,  602. 

peroxide  of,  146,  60S. 

hydrated  peroxide  of,  603. 

permuriate  of,  604. 

protoxide  of,  600. 

protochloride  of  potassium  and,  601. 

anhydrous  protochloride  of,  601. 

proUodide  of,  602. 

protosulphate  of,  603. 

protunitrate  of.  602. 

tartrate  of  potash  and,  603. 

nitrate  of  peroxide  of,  605. 

sulphate  of  peroxide  of,  605. 

alloys  of,  605. 

alloys  of  lead  and,  596. 

Titanate  of  iron,  560. 
Titanic  add.  146.  606.  607. 

its  sulphate,  608. 

Titanium,  the  metal,  146, 606,  608. 

oxide  of,  606. 

bichloride  of,  607. 

bisulphuret  of,  607. 

blfluorideof,608. 

Tobacco,  seeds  of  nicotlana  or,  988. 
Tolu,  balsam  of,  869. 

Topaz  and  quartz,  fluids  in  minute  carl* 

Ues  of.  6. 
Triphane  or  spodumene,  521. 
Tungstate  of  potash,  618. 
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Tungttate  of  toaa,  C18. 

of  Boda,  ■cW,  618. 

Tungtteo,  147 ;  form  of  the  eltment,  617. 

lulphurets  of.  618. 

bichloride  of,  619. 

terchloride  of.  619. 

TungsUc  acJd,  617,  618. 

oxide.  617. 

Turpentine,  oil  of,  885,  901. 
1-.  rc«In  of,  889, 901. 

Uranlnm,  643.    Protoxide  and  peroxide  of, 

64S. 
Urine,  of.  1063. 

Uranic  and  uranoua  oxide,  643. 
Urea,  784.  972, 983. 

lactaU  of,  811. 

Uric  add,  988. 
Uretliane,  777, 
Urine  of  diabetes,  753. 
of  the  horM,  8&5. 

Valerate  of  aUver.  816. 

of  soda,  816. 

of  potash  and  barytes,  816. 

Valerian  root,  its  odour,  816. 
Valeric  or  Talerianic  add,  815. 

< aldehyde,  816. 

Vanadiates,  the.  143. 
Vanadic  add.  616. 
Vanadium,  615. 

protoxide  of,  616. 

peroxide  of,  616. 

Vaporization,  45  et  acq. 
Vapour  of  water,  its  spedfic  gravity,  cal- 
culated firoro  iU  density,  183. 
Vapours,  atmospheric,  3/6. 
Varnishes,  resinous,  906. 
VegeUUon,  280,  1011,1014,  1019. 
Vegeto-alkalies,  970. 
Veratrine,976,  981. 
Veratnim  album.  975,  981. 
Verdigris,  distilled}  a  green  salt  of  copper, 

Vermilion,  151. 
Vinegar,  of.  782  et  seq. 

wockI,  783. 

Viscous  and  lactic  fermentations,  806  et  aeq. 
VitriGcation,  of,  152. 
Vitriol,  blue,  582. 

white,  575. 

Vitriol  green,  558. 

oil  of,  322. 

Volatile  salts . 

Voltaic  drclei  the  chemical  theory  of  the, 
541. 

simple  198  to  201.     Diagrams,   il- 

lustrative  of  its  connecting   wire,  &c., 
207  et  seq. 

-  the  compound,  212  et  seq. 

•  solid  elements  of  the,  21/  et  seq. 
the  liquid  elemenU,  220  to  225. 

Wagon  boiler,  delineations  of  the,  58. 
Water,  composition    and  properties,  261 
et  *eq. 


Water,  iU  boning  point.  48.  Itse 

6,  56. 
conatitutlonal,  rndtaced  by  a  a 

169. 
Waters,  mineral,  266,  497. 
Wheaten  flour,  gluten  from  913. 
White  lead,  or  ceiuae,  59L 

precipitate,  657. 

Winds,  causes  of,  274. 
Wines,  ethereal  oil  of.  817. 

bouquet  of,  817. 

Wolfhun,  617. 

Wood,  properties  of,  758  et  *^. 

of  oak  sairdost,  713. 

producU  of  the  dry  distillattoa  of 

818. 

spirit,  820. 

" products  of  the  distSlIatioa  of  woo; 

having  some  relation  to  oxide  of  methrl 

6Met9eq. 

those  contained  in  tar,  838. 

coal.  711 

Woody  fibre  or  lignln,  753,  758.  759. 

WooU  1042. 

Wort,  sugar  of,  745. 

Xanthoproteic  add,  1027. 
Xylite  and  ilgnone,  836. 

naphtha,  837. 

oil,  «37. 

resin,  837. 

XyUtic  add,  836. 

Yeast,  action  of,  196,  724,  see  Fermenu. 

tion. 
TeUoar,  king's,  630. 

ofberberin.  9.30. 

Yttrla,  the  protoxide,  526. 
Yttrium,  143,  526. 

Zaffre,  567. 

Zeolites,  the,  .'»21. 

Zero  of  Fahreriheit's  scale,  4-1. 

Zinc,  oluminate  of,  .j13. 

alloys  of.  57tJ. 

blende.  'tJ'S. 

bloom,  575. 

principal  ores  of,  .'•7.'^. 

chloride,  iodide,  snlphuret  of.  i>".S. 

uitrate,   phosphate  aiid  silicate  c^f. 

676. 
plates  and  solution  of,    11*7,  ei  tr-.;. 

(see  voltaic  circle,  Ac.) 

and  copper  plates,  \ifj. 

and  acid  in  contact,  'Jm. 

and  mercury,  annUgam  of,  'J*'rJ. 

salts  of,  .'>73. 

Zincoid,  the  term,  21»». 

Zincous,  positive,  and  basic  elomcnt-s   "-» 

Zirconia,  527. 

salts  of,  5:^8. 

Zirconium,  527. 
fluoride  of.  1-tJ. 


THE   END. 


i.ii::.zi.  Asu  CO.  l.I,  roi.A.v 
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